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ABSTRACT

This thesis is a treatise on the systems engineering approach
to the design of a rapid-access, computer-based, information
retrieval system for highway planning.

The highway administration of the federal, state, and local
governments are discussed and the need for establishing a data
bank system for planning purposes is stressed.

The current state of the art in data bank design among all the
state highway departments in the U.S. is surveyed and results compiled.

A systems design embracing exploratory planning, development
planning, and implementation phases of the systems engineering
framework is the main body of this thesis. Discussions in each phase
are reinforced with the case study, wherever applicable, of a data
bank design currently being carried out in Montana.




CHAPTER I.

INTRODUCTION

~Because this thesis addresses itself to information retrieval
systems for highway planning purposes, it is desiréble that the reader
become acquainted with the highway system and be aware of the types

of data necessary to manage the highway system. The total highway

system includes toll roads, interstate highways, primary and secondary

highways, éounty roads, city streets, and special use roads. The
overall coordination of a major portion of the system is‘the'responsi~
bility of the Federal Highway Administration, U.S. Depa:tment of
Transportation, with the major routes under direct administration of

the individual stéte highway departments.

Federal Highway Administration

The Federal Highway Administration, FHWA, represents the federal
- government in matters relating to highwayé. Created in 1893 as the
.Office of Road Inquiry of the U.S. Department of Agricultufe, the
Office operated ﬁnder several names on a very limited scale until 1916
when its functions were greatly broadened by the Federal Aid Highway
Act. In 1918 the orgaﬁization became the Bureau of Public Roads of
the U;é. Depértment of Agriculture. Under a federal reorganization
effective.July 1, 1939, the name was changed to the Public Roads

Administration and was transferred to the Federal Works Agency. In
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l§h9, under a reorganization of the Executive Branch of the federal
govermment, the organizétion became the Bureau of Public Roads of
the U.S. Department of Commerce. Administrative control of the Bureau
of Public ﬁoads wag changed to the U.S. Department of Transportation
on April 1, 1967. Effective August 10, 1970, the name was changed to
. the Federal Highway Administration and administrative control remains
with the U.S. Department of Transportation.

The principal function of FHWA is the administration of monetary
federal aid to the individual states. fhe present organizational
structure of FHWA is shown in Figure 1.

The planning aétivities of FHWA are shared by mény of its branches,
-but the overall coordination of the planning effort appears to be
carried out by ﬁhg Office of Highway Plaﬁning. The specific functions
of the Office of Highway Planning (Ref 1) are essentially as follows:

1. Develops and promotes application of policieslfnd
procedure, standards and instructions for sglection of routes for
inclusion in the federal-aid highway systems and their extension into
the urbaﬁ areas.

2. Develops techniques for long-range plans and programs
to serve national, state€, local, urban and rural highway needs.'

3. Assembles and interprets planning information on highways
and othef forms of transportation, as a basis for major decisions
‘iﬂ the developmént of the federal—éid highway policy.

L. Develops and appliés new and improved techniques

focusing on the economic, sociological and envirommental considerations
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Figure 1.

Organizational structure of the Federal

Highway Administration.




for‘app;ication by states and local coﬁmunities in highway planning
and programming.

5. Develops procedures for use by states and local communi-
tiles in determining. capital improvement program needs and costs,
including administration and maintenance, forecasting of highway
use and of revenue sources avéilable‘for highway system, financing,
and evaluation of financial consequences of system plans,

6. Coordinates the statewide highway planning prog}ams.

T. implements and ;oordinates with state highway departments
the highway planning and programming aspects of highway systems
developed under the Applachia Regional Development Act of 1965 ‘and
within the economic development regions established under the Public

Works and Economic Development Act of 1965.

8. Administers the continuing comprehensive planﬁing process
relating to urban transportation planning.

9. Compiles, evaluates, and publishes pertinent statistical
data on all phases of highway development and finance.

10. Provides technical advice and guidance on all aspects
of highwgy planning and programming, and organizes and conducts
training progra@s for FHWA, state highway personnel, and others in the
areas of statewide and urban transportation plaﬁning.

The abofe functions are enumerated primariiy to indicate the

~ dependence of FHWA on current and accurate data. It is incumbent on

the individual state ‘highway departments to furnish FHWA with the

current and accurate data necessary to evaluate existing methods and
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procedures and plan future systems. It is therefore important that
the state highway departments be oréanized and managed in such a way
that appropriate data can be éollected, processed, and reported in

a rapid, accurate, and economical manner.

The State Highway Department

The administrative organization of the individual state highway
departments has developed at different paces, with divergent philosophy
guiding the development in the different states. Some highway depart-
ments are headed by single executives with no boards or controlling‘
group of any kind. The single executive is then, of course, respon-
sible directly to the Governor of the State. In other administrative
organizations the highway department may be headed by a single
executive with a commission or board acting in an advisory capaéity,
or with a commission or board dividing authority with the executive
and each acting in a coordinating capacity to the other.

The State of Montana, whose highway department's organization is
similar to many others, has a single executive, the State Highway
Engineer, and an appointed five-man commission. The organization of
the Montana State Highway Commission is éhown in Figure 2.

The Statistics and Research Division, commonly call the Planning
Survey Division, of the Montana State Highway Commission is responsible
-for collecting information from other divisions for statistical
analysis and report compilation. Specifically, the Planning Survey

Division, in cooperation with FHWA, compile annual reports such as
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Roadlog, Acéident by Sectioné, Traffic by Sections, Sﬁfficiency
Rating, and Bridge Listing. As pointed out earlier, FHWA relies on
these data to evaluate projects submitted by the state for project
approval by FHWA. Procedures for féderal aid in highway projects will-

be discussed in the latter part of this chapter.

County and Local Road Administration

The administratiop of highways at the local level varies from
place to place. In the New England states and in Pennsylvania very
small subdivisions of the states administer those roads not in the
state syétem, In the Northeast part of‘the country, a dual plan of
loéal highway gdministration generally exists, in which counties are
responsbile fdr systems of main county roads,and townships are
responsible for the remaining mileage. In Iowa, Indiana, and Michigan,
township roads are under the jurisdiction of the county. Rural roads
that are not a part of the state highway'systems are under county
Jurisdiction in the South and West of the U.S. Sometimes the county
road éystem is supervised as a unit, and sometimes it is supervised
byoprecincts.

In Montana the State Constitution (Ref 2) requires that each
county be divided into three Commission Districts and that one County
Commissioner be elected from each district by the entire electorate
of the county. )

In the major counties where the county surveyor is the roadway

manager, the Board of County Commissioners acts as the policy-making
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board and allows the county surveyor to take full control of the county
road work, planning, maintenance, construction, and care éf equipmen%,

In the remaining 52 counties, the Board of County Commissioners
has general supervision over the cdunty roads in their respective
counties. Where a road supervisor is employed, his duties are comparable
to those of the county surveyor. In counties where the Board of
County Commissioners supervises highway operatioﬁs, they sometimes

work as a unit covering the entire county.

Federal-Aid Procedure

Authorizations of federal-aid funds are made to the states for
a two or three year period, well iﬁ advance of the fiscal years for
which they afe intended. Funds for each year are apportioned to the
states by federal authorities according to legally prescribed mathemat-
ical formulas. This apportionment takes place about six months in
advance of the beginning of each fiscal year, which starts July 1.

The states are then required to submit programs of projects to
be undertaken with the funds to FHWA. The FOWA thén determines the
éeneral character of the immediate undertakings needed for an ordgrly
improvement of the highway system. Following approval of a program,
the state submits a more detailed description of each section of road
to’be improvéd, and the character of improvemeﬁt proposed. Upon
approval of a particular project propoéal, a contractual agreement
for improvemgnt is entered into by the state and the federal government.

Subsequently the state highway department prepares plans and
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specifications, receives bids for work to be done, awards a construct-
ion cgntract, reviews construction,.and pays the contractor for
work done. Each step is reviewed by, and is subject to the approval
of FHWA. The federal share of the cost is reimbursed to the state
only_as portions of the Work are satisfactorily completed.

Programs of works are reviewed in the regional office of FHWA
which keeps in constant touch with field progress, but the district
engineer in each state is authorized to approve each step following
approval of a program.

The Federal-ald Secondary Program under the Federal—aid‘Highway
Act of 194k promotes works with counties on.cooperative projects;

This acf also providés funds for construction of freeways in urban areas.

In Montana the state is divided into twelve financial districts
by a selective grduping of counties. Ali money raised from gasoline
taxes and other highway user fees are allocated to these twelve

financial districts.

Need by Highway Departments for Information Retrieval Systems.

Planning data are varied and extensive. They may be grouped‘into
the following categories:

1. Existing highway network data: such as the location of
bridgés,'interchanges,.culverts, railroad crossings; the number of lanes;
~pavement types; tﬁickness; median width;‘etc.

2. Areal data: the geographical iimits of an aréa; such as

a county or a city.
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3. Cost data: the costs associated with the network data.
4. Event data: such as'average daily traffic, service
volumes, and classification of accidents.

To collect, classify and make available these voluminous data
desirable for planning and design purposes is no easy task.

Each year, every state highway department, in cooperation with
FHWA, compile reports on many aspects of the federal-aid highway
system. As well, each state‘highway department is obligated to
furnish information about their highway system upon request by other
agencies. A computer-based, integrated, information system_or‘a
"data bank" is seen to be most Ffitting for these purposes.

A data bank logically consists of many inter-referral files

linking all data to a common base of reference for rapid access and

retrieval purposes. The need for an integrated data bank for planning

is self-evident, just from the standpoints of time and cost alone.




CHAPTER IT
THE CURRENT STATE OF THE ART

An ideal_data bank, by the author's definition, is a collection
of files which are to be computer based and organized in such a way
that:

1. Data are stored on a 'direct access storage device(DASD)

3

with an indexing system for rapidraccéss and multiplt-referral purposes.
2. Data caﬁ be kept current through updating activities.such
as rewriting, deleting, or adding records whenever necessary.
3. Reports can be generated from the system’ as specified.
4., Random retrieval facilities. are provided.
5. All requests are command or pseudo-language oriented.

If one traces the development of data processing, the following
methods, in chronological ordér, may be identified: manual, unit record,
computer card, tape, and DASD, ‘

A few affluent stabe highWay departﬁents were fortunate to have
computers for processing data as early as the late fifties. Séﬁé
started.using second genefation computers in the early sixties. The
transition from the first to the .second generation computers, és far
as data handling is concerned, may be characterized bt the change from
card to tape. Considerable efforts were invested on software. But

the use of that same software is not suitable for the third generation

computers which emerged in the late sixties.
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The use of DASD was somewhat limited as compared to the use of
tapes for storage. Programs written in the early sixties needed
to be converted or modified drastically 'in order to take advantage
of the DASD for data bank applicatioﬁs. Reports of any deécription,
however, can still be generated, provided the data are sorted or
collated in a specific order for each run. Most highway departments
are limited in budget and restricted by other commitments such that
conversion of existing programs for ideal data bank applications
may seem beyond their resources.

It appears that most highway departments have the means to
install a modern data bank, but are somewhat limited by the lack
of manpower for implementation. Another deterrent may be the lack
of a coordinated effort within thé highway department. - All these
contribute to what the author terms the "transition era" in data
bank development.

A questionnairé was sent to each of the state highﬁay depart-
ments in the U.S. to survey the current state of the art in data
bankldevelopment and usage, with a two-fold purpose in mind:

1. To confirm that the author's concept of the ideal
data bank requirements are, in fact, adequate.
2. To determine if some of the state highway departments

are, indeed, entrenched in the so-called transition era.




Survey Analysis

.Tﬁe questionnaire sent to all of the state hiéhway departments,
together with the cover letter, is shown in Appendix A. The analysis
is based on 37 returns out of a possible 51. Beéause 14 state highway
departments did not reply, the returns from this survey cannot represent
true national statistics on the subject in question. It is pleasing
to note that most of the returnees are eager to receive compiled
results of the survey which shows a common interest among ﬁhe state
highway departments in the "eurrent state of the art." For ease of
discusgion, the fesults are presented in a question-answer format

below, with the questions numbered indentically to those of the

guestionnaire in Appendix A:

1. Configurations of your computer.

Most state highway departments have modern equipment with standard
accessories. As shown in Figure 3, IBM, with 85% of the computers,
completely dominates the market for highway department uses. The most
popular model is the S360/40 which appears to be an ideal medium-sized
computer for highway depaftment applications. The number of computers
‘larger than the S360/40 is not insignificant, and this may reflect the
long-range planning of some highway departments in computer usage.
Other manufacturers sharing the highway department market are UNIVAC,

BURROUGHS, and RCA.

2. Do you have a data bank system similar to that described in our letter?
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The word "similar" in this question introduced some confusion.
Notably, a reply from one highway department reads as follows: "I had
thought of our reference system as a data bank but our computer people
tell me it is not." One department indicated that they had a data
bank system capable of direct access using tape files. Another indicated
"yes" to this question but have no files operational. The author
deems it appropriate to divide the aﬁswers into four groups as shown ’

below:

Group Number of
Respondees

Operational 1
Semi-~operational ‘ ' 3
Questionable 1

none 32

3. State your common base of reference for cross=referencing your files.
The fdllowing_combination of variables are identified by the

respondees:

é. County, route sequence.

b.'County, route, milepost.

c. Project number.

d..Federal—aid system, route number,.milepost.

e. County, route, section, log mile.

f. Distance and direction from a given reference point.

g. System, district, highway number, agreement number, mileage.
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h. Road number, section, coordinates.

L, State the total number of files in your system that are operational.

Files.Operational Respondees

7 1
1

5
. 3
3
2

5. What programming language did you use?

Programming Language Respondees
CPBYL 5
PL/T 2
ATP 1
FPRTRAN 1

6. What is the design "life" of your system?

Desgign "life” : Respondees
Annually | 1
Constantly update 1
5 years : 1
6 years - 1

Indefinite 3
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. Did you make use of the existing format or design a new format

for your data?

Five (5) indicated new and two (2) indicated both old and new.

. Indicate the approximate time, if applicable, you spent on the

following:
a. Systems studieg.........,months.
b. Systems design...........months.
c, Programming and testing.......... computer-hours.
d. Documentation..... «e...months.
e. 'Implementation..........months.
f. Data preparafion for files........:mgnths.
g. Total project~--Professional..........man~-days.
| Subprofessional....... man~days.

The answers to these questions are completely dependent on the

scope of the data bank system. Answer to (a) varied from 2 to 6
months; (b) 6 to 60 months; (c) 3 to 1200 computer-hours; (d) 2 to
60 months; (e) 2 to 60 months; (f) 4 months to indefinite; and (g)
833 man-days to unknown for professional and 1800 man-days to”

unknown for subprofessionals.

9. Was the system documented?

Two (2) reported "yes."
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10. Did you include a "straight line diagram” file (this file can
be digitized into a geometric file) in your data bank?
This question was vague; so were the replies. Three (3)

indicated "yes," four (4) indicated digital as the main form for

retrieval, and one (1) indicated incremental plot.

11. What other applications did you use for your data bank than
routine report generatibn and random retrieval purposés?
Replies to this question were:
a. Simulation, assessing the impact of variable financial
conditions and project mixes on highway planning.
b. DNeeds study, post-performance analysis, lane miles,
vertical clearance, overload and height routing analysis, state mileage

table and road life table.

12, Is your department considering setting up a data bank in the future?

1

Six (6) indicated "no," two (2) indicated "maybe," and the rest
>

indicated "yes."

13. State the major reasons for not having a data bank operational.

This is perhaps the most significant question. Some highway
officials gave general remarks, other expressed bitterness about the
management. -Generally the answers were informative. They are represenﬁed

in Figure 4. Ttems listed under "other" include:
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. PERSONNEL SHORTAGE

17.1%

COMMITMENTS

Figure L. Stated reasons for not developing a data bank.

(Based on 37 returns)
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a. Work done in the regional office.
b. Conversion trouble from old computers.
c¢. Hard to get management to understand the system.
d. Not ready.
e. Lack of.coordinated efforti
Specific information for "Activity-Report" chart shown in Table I,
was disabpointing. Many state highway departments ignored this page
of the questionnaire altogeﬁher or deéached the page from £heir returns

for no obvious reasons. Figures ﬁabulated wers compiled from 21 returns.

Conclusion of the Survey

Results of the survey indicate the author;s conceptual requirements
for an ideal data bank were adequate. 'This is deducéd from Table I,
the "Activity-Report" chart returned by those state highway departments
which are in the process of developing a data bank.

Thé high percentage of state highway departments not having a
data bank system, coupled with the reaéons given, confirms the author's
conviction of the so-called "transition era" in data bank development
and usage. - .

The survey was considered to be successful in that it:

1. Verified general interest in data bank development among
highway officials. Their ove?all eagernessvfor the compiled results
is self—explaﬁatéry.

2. Provides background knowledge in a systems approach to
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TABLE I. ACTIVITY-REPORT CHART

(Compiled from 21 returns)

REPORTS
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the design of an information retrieval system for highway planning,

. which is the topic of this thesis,




CHAPTER III
THE SYSTEMS ENGINEERING APPROACH

This chapter focuses on the system engineering approach to the
design of an information retrieval system for highway planning. The
systems engineering approach as discussed in this chapter is patterned
after Hall (Ref 3).

The systems engineeriné approach is an attempt to shdrten the
time-lag between theoretical advances and their applications, and the
practical production of the new system for humaﬁ needs. Systems
Engineering consider; the éontent of the reservoir of new knowledge,
then plans and participates in the action of projecfs leading to
applications. According to Hall, systems engineering "considers
- the users' needs and determines how these can be met in the light
of knowledge, both old and new. Thus, systemé engineering operates
in the space between researéh and application, and assumes the attitude
of both. For those projects which it finds most worthwhile for
development, it formﬁlates the operational, performance and economic

objectives, and the broad technical plan to be followed."

The Pattern of Systems Engineering

When a large number of completed projects are viewed collectively,
five phases can be identified in the following order:

1. Systems studies.
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2. Exploratory planning.
3. Development planning.

L. Implementation.

5. Systems maintenance.

-Systems Studies —- Two objectives are considéred in the systems

sfudies phase: i

a. To assist the management in reaching agreements on the
total program of wofk_ .This phase may also entail negotiation
between the systems designer and the highway department in matters
concerning contracts, responsibility, ete.

b. To create an extensive background of information upon
whieh subsequept projects may be initiated. Generally, the systems
studies phase includes compilations of statistical data which

experience has shown are needed on recﬁrring types of problems (such

as cost, usage, and performance data) on previously designed systems.

Exploratory Planning _— Exploratory planning is an outgrowth
of systems studies; Associatéd with exploratory planning are six
inter-related functioné:
a. Problem definition: isolating, possibly quantifying,
and relating that set.of factors which will‘definé the system and its
environment. |
b. Setfing objectives: the logical end of problem definitiqn.

c. Systems synthesis: entails compiling or éstablishing
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aiternatives to satisfy the objectives.

d. Systems analysis: deducing the consequences of the entire
list of hypothetical systems. The éonsequences are then measured
against performance criteria such as cost, quality, etc.

e. Selecting the best system: evaluating %he analysis and
comparing these evaluations with the objectives to select the smallest
possible subset of alternative systems that merit further study.

f. Documentation: communicate the findings of the exploratory
planning phase to management for purpoée of substantiating contract

agreement between the sysfems designer and the highway department.

N
L

]

Development Planning -- The development planning phase is a

recycling of thelexploratory planning phase except that all steps are
performed in mucﬂ greate? detail and on a drastically reduced set of
choices. Development phase ends with the formulation of a plan of
actions which lists objects and proposes ways of meeting them.
Periodic progress meetings on matters of management decision
with tﬁe highway officials are encouraged. Sometimes these sessions
will help prevent any misunderstanding which may prove to be too
costly to rectify at a later stage.  Also, these meetings will help
expedite the project if mutual agreements between parties can be

resolved without undue delay.

Implementation -~ Implementation is the system design phase of

the whole project. It involves organization of system design

e
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personnel participating in the project, systems and programming
deveiopment, tesﬁing, installation, evaluation of the new system
in its working environment, conductihg a training prégram to
ensure adequate transmission of information, The latter process
gntails training highway department personnel to use and maintain
the new system. Finally, the new system needs to be documented

for presentation to the highway department.

Sysfems Maintenance -- In normal practice, once the system has

been officially presented to the highway department and proved
to be satisfactory, the system maintenance ;hould logically be
out of the hands of the system design team. The maintenance of £he
system.should properly be the responsibility of the data processing
staff, with the advice of the users within the aepartment.

Systems maintenance may alternatively be known as the "follow
‘up" or "feedback" phase of the system. The systems maintenance
phase necessitates_frequenﬁ contacts with the users regarding the
performance of the system. Streamlined operation, cost reduction,
simplification, increased reliability and accuracy should always

be endeavored.




CHAPTER IV
SYSTEMS DESIGN

Systems design spans the period from the exploratory planning
phase to the implementation phase. There seems to be a general practice
among most highway departments that the planning survey division
has already conducted the systems studies phase and is fairly aware
of the need for establishing a data bank system pending favorable
conditions, such as finance and manpower. This situation is confirmed
from the national survey as described in Chapter II.

As soon as favorable conditions are met, some state highway
departments will call for a ponsultant.or a research institution to
conduct thé systems design. It is under this circumstance that the
Departmént of Civil Engineering and Engineering Mechanics, Montana
State University, is invol%ed in the'development of HIS;_Eﬁghway
ipformation System, for thé State of Montana. The author is
associated with the development of HIS. A systems engineering
approach was used in the design of HIS. It is this systems engineering
approach that triggers the author to write the thesis. For purposes
of demonstration, the development of HIS, copious in material, has

been used as a case study.
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Exploratory Planning

Problem Definition -— Problem definition is isolating, possibly

quantifying, and relating that set of factors which will define the
system and its environment.

The problem statement of HIS is: To devise a computer-based
information system for the Planning Survey Division which will keep
current and available information necessarj to produce reports as
required by the Federal Highway Administration, U.S. Department of
Transportation.

This problem statement is genéral in nature, wide 'in scope,
and does not specify how and what type of system is to be used. It
does, however, isolate a set of qualitative factors ('"computer-based,"
"ecurrent," and "available") to define its enviromnment. These factors
will be related later, and further refined, to produce a system tﬁat

will satisfy the problem definition.

Setting Objectives -~ Objectives evolve from observing the

existing practice or activities of the organization in question.
In our case study the following activities were identified:
1. Manual coding of data.
2. Visual checking for errors.
'3. Sorting of cards by sequence number before storing.
L, Collate and sort cards to run specific programs.
5. Manually compute certain summaries.

6. Manual search of vertical files for random inguiries.
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.To comply with the objectives stated above the following
activities for syétem'development were formulated:
1. Devise new methods for.codiﬁg data.
2. Store data on a DASD.
3. Provide update facilities.
4. Provide random retrieval capabilities.
5. Monitor- processing of programs through a control for
easy handliﬁg of the system.
6. Train staff to use the new system.
The method of aligning objectives with activities yields broad
activity definition. These generalized statements must now be
refined, through system synthesis and system analysis, to provide a écope

and boundary for each activity before the system can be defined.

o e
w

>

Systemé Synthesis --~ Systems synthesis serves two purposes:

to reapportion theiparts of -an old system to design a new one, or
to use new components in a‘new way to build up a new system.

A creative ap?rﬁach.in planning apd design is fhe.technique
called functional synthesis. This technique starts with a statement
of boundary conditions, desifed I/0, and proceeds to a detailed list
of functions or operations which must be performed in a block diagram
form. .These functions are then related, or synthesized? into a
system model showing essenfial logical relationships.

As an example, the Roadlog report as generated by HIS is a

report giving a section-by-section description of each féderal—aid
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route of the Interstate, Primary, and Secondary systems in Montana,
together with many summaries conforming to FHWA requirements. It
has been the responsibility of the Planning Survey Division to
compile this report annually. Data for iﬁput are contributed
principally from the Preconstruction, Field, Maintenance, and
Construction Divisions. Each of these divisions has its own
functions (Ref L4). Operétionally they differ from each other, but
their functions are related to each other inlthe data base of the
Roadlog record structure as shown in Table II. Thus we have stated
the boundary conditions, defined the I/0, and'synthesized the
functional relationship of one of the componehts of HTS. Likewise?
one can deduce the functional relationship of other reports from
the "Resources Table" as shown in Table III.

Systems synthesis is a prerequisite for system requirements.
It determines each requirement, activity-by-activity, from the
consideration of I/0, resources, and operations of each division of

the highway department.

Systems Analysis ~- The function of systems analysis is to

-~

deduce all of thé relevant consequences of the proposéd'systems for

selecting the optimum system. These consequences are then compared

with the initial objectives using certain performance criteria, such as:
1. cost,
2. time,

3. reliaﬁility,
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TABLE II

ROADLOG RECORD STRUCTURE

Variable Data Bytes
System (I, P, 0o S) v ¢ « ¢ ¢ ¢« o« o + o o o« o« 1
Route Number. . « ¢« ¢ ¢ ¢« o ¢ ¢ « o« o o s o &« « 3
Mileposte ¢« ¢ v ¢ ¢ v v ¢ ¢ o o v o s e e . e 5
Section Description . . + « ¢« ¢ . & s « + . . . 35
Maintenance Section « « « ¢« « o v o« + o o « o« . b
Project Class . . o « ¢ v ¢ ¢ ¢ ¢ o ¢ o o « o +» 11
RemarksS o o o o o o o o o o o s o o o o o o o o 2
County Number . . .« . ¢ ¢« ¢« & o ¢ ¢« v o v ¢« o« o« 2
Forest Highway Code . » « ¢« ¢« & ¢« &« ¢ ¢« o & &« « 2
Administration. « « « ¢« ¢ ¢ o ¢ 0 0 e e 0 e e . 2

Other Code (State Forest, Military Reservation,
Game Refuge, National Forest, National
Monument, or State Park). . . « « ¢« &« « « « &

Number of Lanes . . « ¢« ¢ « o o o o« o o = o« o &

Divided or Undivided Highway. . . . « « « « . &

Population Code + . « ¢ v ¢ ¢ ¢ ¢« ¢ ¢ o o o » &

City Code v v ¢ ¢« v v o 6 o o o o o ¢ o o « o o

Year Built. « « & &« o o o o o ¢ ¢« o o o o o &

Surface Type. « o o ¢ o o o o o o o o o o o o

Surface Thickness . . o« « « v « ¢ o ¢ ¢« o o o &

Base Thickness. « ¢« ¢« ¢« ¢ o ¢ o o ¢« o o o o o &

Surface Width « « ¢ & « ¢ ¢ ¢ ¢ ¢« ¢ ¢ o o o &

Roadway Width . . . . « « « + ¢« ¢ ¢« o ¢ ¢« « & &

Section Length. « « v ¢ ¢ e e o v o o o o o o W

Constructed Length. . « « « « &« ¢ ¢« o o ¢ ¢ & @

Unimproved Length . « « « « ¢« v ¢ ¢ v + o o o

Wye Length. o« ¢ ¢ ¢ o ¢ ¢ ¢ o 0 o o 4 o o o o

Municipal Mileage . . + « « ¢« ¢ « v ¢ o o o o« &

County Mileage. « « ¢ o o ¢ o o « o o o o o« & &

National Forest Mileage « « + o ¢ o ¢ 5o « o o &

Indian Reservation Mileage. . « « o o o o & o &

"Other" Mileage « « « o + o o o o o o s o o o &

Year Tmproved o« o o o o 4« o o o o o o ¢ o s o

Maintenance Code. « + o & ¢« o« o o o o o o o o

DUmmMy « « ¢ ¢ ¢ o o o o o o o s o o ¢ v o o o

Total Bytes. . . «

}...I
[OV]
O{H DN EVVVITVTEWITITONDWND EDWHERRFEN
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4. accuracy,

5. security,

6\ quality,

T. flexibiliﬁy,

8. capacity, and

9. acceptance.

In our case study the analyst established the followin~m criteria:

1. Cost: must be comparable to the present system. If
possible this criterion can be determined on a cost per report basis.

2. Time: once the system is fully operational annual reports
are to be ready for submission to FHWA no later thén one month follow-

.the last report periéd.

3. Reliability: the system shall be able to cope with new
systeﬁ installation without service interruption. Backup procedures
shall 5e provided.

L. Accufacy: to be at least as accurate aé thé manual methods,

5. Security: loaﬁing and updating of records in the file
are limited to authorized personnel only. The data storage device
shall be protected from mishan51ing or other unforseen action;.

6. Quality: reports as generated from the proposed system
shall be judged for legibility, neatness, and easy arrangement for
publication.

T+ Flexibility: the system is to be modular and-éapable of
future expansion without difficultiés.

8. Capacity: allowance must be made for multiprogramming.

environment.
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9. Acceptance: the degree to which the system provides

statistical data for management ihformation and action.

Exploratory Planning Documentation -- The introduction of

exploratory planning documentation should set the climate for the
study, and state the gfound—rules for performing the study which were
agreed to by the highway department and the study team.

The purpose of the étudy is to be stéted, and the scope of the
study‘defined. Was the stuﬁy to create an entirely new system, or
was it conducted to improve the existing system? :Was the objective to
obtain QOllar savings by improving the operating effeciency, or was
it to raise the technical competence of the services? Whatever the
purpose of the study, it should be explicitly stated. )

The body of the report:

| 1. Must demonstrate that the study team has a complete
" understanding of the existing system.
‘2. May develop a new view of the system in terms of activities.
3. Should establish benchmarks in schedule, cost, and begefits.

4. Should serve as an adequate base for conducting later o

phases of the design.

Development Planning

Development planning phase is the recycling of the exploratory

planning phase, except that all steps are performed in a much greater

detail and on a drastically reduced set of choices.
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To aid the study team to converge on the system requirements

the following'steps should be considered in designing a data bank:

1. Activi£y-module transform.

2., Bystem element analysis.

3. Compatibility determination.

L. Generic system description.

5. Bystems selection.

6. Equipment selection.

T. Systems optimization.

Activity-Module Transform -- A direct transform of the activities,

established in the previous phase, into natural segmentation of
. system pperatiop may be manifested by the following modules:

a. Load Module.

b. Maintenance Module.

c. Report Generation Module.

d. Random Retrieval Modulé.

e. Command Module.
In HIS, the Load Modulg was designed to create data files. Data to
be loaded on disk from card or tape files were thoroughly checked for
validity, field, range, and sequence by means of a data check progran.
The Maintenance Module was designed to update and reorganize records
to maintain high accuracy and efficiency of the system. The Report
Generation Module was designed to classify data in their respective

groups before summarizing them in report format. The Random Retrieval
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Module provided the capability for rapid-access, through remote

or display terminals. The Command Module acts as the command

" processor and facilitates execution of programs.

System Element Analysis -~ Associated with the system in data

processing are:
a. Input/output.
b. File processing method.
c. Data and file organization.
Inpuﬁ/output: Inputs to the system may be of various forms
such as punched cards, magnetic tapes, machine-sensible forms for
optical scanning, or magnetic-ink character recognition, etc. A
reasonable selection of input methods takes into account such factors
as cost, ease of handiing, time restriction, or equipment capabilities.
Punched card input was selected for initial data entry to HIS files.
For efficient access to data, the data mﬁst reside in a place where
retrieval is rapid. A storage device that will satisfy the require-
ments of the HIS modules is a direét access storage device. It is
one on which each physical record has a discrete location and a unique
address. Records are stored in such a way that the location of any
record can be accessed directly instead of serially as in a tape file.
This concept of storing and retrieving data lends itself very well in
data bank applications.
File Procéssing Method: A file is a collection of records, with

each record identified by a key. Each record contains all of the data
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associated with a particular key. 'Ip HIS, the Roadlog file contains
records identified by the key which is a concatenation of the route
system, federal-aid route number, and milepost.

Three regularly used methods for accessiné files are:

a. SAM,'§§guen£ial Access Method.
b. DAM, Direct Access Method.
c. ISAM, Index Sequentisl Access Mebhod.

In SAM, the records are organized solely.on the basis of their
successive physical locatién in the éile. The records are generally
in sequence according to their keys as.well as. in physical sequence.
The records are usuéll§ read or updated in tﬁe same order in which'
they appear. Individually réqords are not located rapidly. Records

usually cannot be deleted or added unless the entire file is rewritten.

DAM operates under the assumptibn that the file is organized in a

random manner characterized by some predictable relationship between

the key of the record and the address of that record in a DASD. This
relationship is established by the user. Although DAM has considerable
flexibility, the accompanying disadvantage is that the user is largely
responsible for the logic and programming reduired.to'locate records.
In ISAM, the records in a file are organized‘oﬁ the basis of a
collating sequence determinéd 5& the keys that precede each record.
An indexed;sequential file exists in spaée allocated on a DASD as the
prime area, the index area, and the ovefflow area. The prime area is

that area in which records are writtgn when the file is first created

or subsequenflyrreorganized. The keys are imbedded in the records.
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The index gives the location of each record, and the index area is
created and written by the operating system when the file is creatéd
or redrganized. The overflow area provides for additional storgge
wﬁen the prime area becomes full.

ISAM, because of .its ability to refer to indexes associated with
the file, makes it possible to quickly locate indi&idual records for
random processing. In updating,.the system locates the proper position
in the file for new record and makes all necessary adjustments to the
indexes. ISAM ﬁas used exclusively for processing HIS files.

Datd and File Organization: Planning data are generally grouped
into two categories—-that which can be related to.the roadway and that
which cannot.

The first group of data includeg roadlog, traffic characteristics, -
sufficiency rating, road life, historiéal, maintenance and accident
information. The rpadlog'data ideally should be broken into four files:
one file for cultural data, one for roadwéy characteristics, one for
geometric data, and one coﬁtaining administrative system information
and location of jurisdictional boundaries. -Presently the Roadlog File
in HIS consists of all of the above except geometric data. Definite
steps havé been made to incorporate this file into HIS in the future.
Finally an ideal data bank system should also include a file of map
coordinates, which ;re related to the roadway., to provide for graphic

display of planning data. It is to be noted that coordinates may help

pinpoint event data, such as accidents, more accurately than using a

reference point along the highway.
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The second group of data includes information on finances, cost,
and highway statisﬁiés such as fatality rate and cost index, etc.
Although thgse aaﬁa should be in separate files, the retrieval of data
from them will be quite different from that for the first group. This
is because each file bears no direct relationship to the other, as do
those in the first group. The basis for retrieving data from files
in the first group is inva?iably the roadway, regardless of the items
desired. Foﬁ the second group, the basis for retrieving data is on
whatever variable is né;déd and that items éf interest vary from user
to user. The items of interest may be retrieved on the basis of year
built, by contract number or even by dollar values.

There are two ways of organizing data files: one is the coordinated
file concept and the other is the master file concept. A cqordinated
file system implies,tﬁat all files are equal in rank or order. The
several claéses of data, such as roadway'and traffic.characteristics
are considered to be of equal importance. Each class of data should
therefore, be stored in a file that is equal to, but separate from,
files containing other classes of data. Each file should not contain
more than one class of data and all data elements in the file should
pertain to that one class.

Generally, there are several sections within the planning survey

division, each being responsible for collecting and processing some

class of data and for supplying data to various users. In many cases,

more than one user is coding, storing, and processing the same data

-elements, thus duplicating each other's effort. Typical examples are
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found in the Roadlog and Traffic Ey Sections reports of the Montana
Staté Highway Commission where such data as seé£ion description, and
county number are duplicated.

In‘recording roadway data along the highwéy, there are physical
changes that dictate a new set of values. This warrants a "break" in
the file. These breaks are not_necessarily the same for one class
of data as they afe for another. It is difficult for data recorders
and usgrs‘to agree on breaks collectively compatible to all of their
needs. .Thus, each user ordinarily selects the breaks to fit his own
- requirements. Too often breaks seem to be based on user considerations
rather than on what actually exists, causing data observation to be
broken into more lengths than necessary, which results in duplicatipns,
extra coding., and a lpss of flexibility. To counteract this tendency
of unnecessary breaks the Roadlog Rile in HIS incorporates péeudo—breaks
designated by codes for specific purposes. These pseudo-breaks are
an integral part of a "consolidated" coordinated filé which will be
explained later.

The advantage of a master file arrangement is that duplication
of data is virtually eliminated., One of the'requireﬁents for the
indexed sequential access method is that records in each file must
be fixed length. The record for a master file for any data bank would
necessarily have to be large and fixed length., Very often in a
éiven section of highway the codable data may be veryllimited with the
result that the remaining portion of the records are filled with blanks.

The Roadlog File in HIS is semi~coordinated and semi-master in

B
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concept. The records have been consolidated by placing common data

such as section break description, county number, etc. in only one
file. Besides overall saving of storage and eliminating .duplication
of data, this consolidation and coordination technique shortens
records in other files and makes all files more manageable.

It is not uncommon to have Traffic by Sections breaks differ
from Roadlog breaks in HIS. To retrieve section break description
from the latter file is not possible unless a pseudo-break is
designated in that file. This méthod, though- cumbersome, has proven

to be satisfactory.

Compatibility Determination -- Sometimes characteristics of:

the dominant machine activity may be 50 ovérriding that other
activities are subordinated. Developing an efficient solution
to serve all machine activities can signifiéantly increase
equipment utilization. A large computer may be more efficient,
but smalle? machines may be more ec¢onomical in processing special-
ized files. |

Sometimes a '"balancing" activity is added to take advantage of
the higher érice—performance ratio of 1afger equipment. An
activity requiring gxtensive computation and limited I/0 can be
combiﬁed with another activity having high I/0 volumes and little
computation. A good example of this arrangement is balancing HIS
(high search) with UNMES, Utah, New Mexico Earthwork System,

(large volume of I/0).
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Generic System Description -- The purpose of the generic system
description is to show the logic flow of information and the logical
operations necessary to carry out the proposed objectives: Figure 5

is a generic view of HIS, showing the interfacing components.

Systems Selection —- Systems selection is essentially a serial,

iterative process to satisfy design requirements and boundary condi-
tions, ‘and at the same time select the most ‘economical system. The
first step in system selection is to segment the problem into a series
of computer runs, These runs are usually associated With:
a. Conversion of input.
b. Serial processing.
c. Rapdom‘ﬁrocessing.
d. Updating activities.
e. Preparation of reports and other forms of outputs.
Next the volume of each activity is translated into a time
estimate. Capd input files are translated into-cara read-time by
dividing the volume of cards By card reader-speed. Reasonhable
assumptions are made for blocking of tape files, and the total
tabe—passing time is calculated for each file.‘ Disk files are judged
for total file capacity., access‘time, and character-transfer time
" on the'basis Qf the estimated percentage of activity. With this
information available, the iterative‘prodess of system selection

begins by comparing capacity with volume needed.
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Equipment Selection -~ The main criteria in selecting equipment
are: ' . -
a. Performance-cost ratio.
b. Machine backup facilities.‘
¢. Programming systems and application programming support.
d. Service support in machine maintenance and customer
education in using and operating the equipment.
e. Availability of trained operators.
f. Delivery schedules.
Table IV is a summary of the current medium-sized comﬁuters

available along with their characteristics.

Systems Opﬁimization —-- The foregoing 1s a general discussion of
formulating alternatives. The systems analjyst has yet to select the
alternative that shows the most p;omise. Some of the decision theories
available are:

a. Decision ﬁnder certainty:

1) The principle of expectation.

2) Dominance principle.

3) The most probable future principle.

L) The aspiration level principle.

5) The expectation-variance principle.
b. Decision under uncertainty:

1) Laplace principle.

2) Minimax principle.
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1 mpx
|REDCOR CORP. RC 77 | 3888 [111k [400 | 20- | 300 yes|yes [no | no | Asi w 860131072 16 430 [64 | 1 )
CANOGA PARK,CAL 120K ;;5) s g § a prigr ::rr: lzall(k ;t:ﬁa ::ﬁ yos | 48 | yes
ANDARD COMPUTER |IC-4400| 8800 | 358K |1200 | 60/90 [800/ |1,2, opt |opt opt | console| yes | IV
Yes | yes|COBO » 192000
CORP,SANTA ANA,CA. KC [1200 | 300 9 ::f, 36 1 yes | 7 yes yes | yes yes | yes 2 yes| 192
9000 | 300K| 300,[60-120[3-5- | 100 ASR-, -
e g e s yes| yes| no 35'}735 yes |V yes [BAST ;g .6 |524288 ::ﬁ' 32 <3 |std| 3 | opt opt | std | soft| yes 16 | yes| 152
ware
618K T & [Uai- L6/o| 1318 Pted 5 | g 32 | no no | yes | mo | 2%l
GROSS| 900- |, 34 500~{ 75— s p¢ no | yes yes yes| yes| yes | yes [yes | 5/41 i vl Sciend 1 mpx yes i
0-60K 1600 [192kB | 1000| 250 100 6; hagt572KC | core 36 1.5 |yes (128 | yes yes |ti. iic yes 8 )‘. 22 ' 160
245« 112 100-| opt| opt| no | no | 735Sel |yes | IV ves 4 to | ferr< 128
1100 275 3ms | 65K ite 16 1.5 |yes | 16 opt | yes yes yes | yes | dir. | yes| 32
words | core 64 buf.
12000| 475K |600~ 200, KSR, ASR| .85 [8-16bk 32+ 224 L[ﬁ% 200
18500| 750k [1000 [20-60K :gga h-300 | ¥e5| yes| no |no bs, ksr37| YeS IV-H| yes| yeq yes 3,'2?:‘ core barity hard-| ?'::, opt | opt {’Ln ":: vyes | Jo¢ yes 12
[*)

This table is extracted from "Data Systems News", June, 1970.
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3) Hurwicz principle.

ﬁ) Savage principle (minimax regret).

5) Game theory.

6) Linear programming.

7).thhematical tools such ag calculation of maxima and
minima of function, and the calculus of variations to find functions
which optimize some physical and economic quantity.

It-is unlikely that the aﬁalyst will be called upon to use
all the above listed prinéiples to select the best systém. It is
recommended thailthe analyst present'figures to justify his
arguments and choice of actior in his report. Once his recommen-~
dations are dccepted by management, his decision represents a major
investment in implementation, site preparation, training, éqaipmeht,
contracts, commitments, etc. Capital investment decisions ére
extremely complex, It requires the advice and counsel' of financial
experts. | '

In the development pianning phase of HIS, the study team did
not have to go through systems:or equipment selection. The
sponsoring agency already had an $360/40 DOS computer in operatién.
The analyst tailored HIS within the limitation of the Disk Operating
System. It is uqlikely that any highway department will invest money
to install new equipment just for the sake of accommodating a

data bank system, unless, of course, the present system is outdated.
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Implementation

Implementation deals with the actual design of the system.
It starts after the study team has clearly defined the objectives’
.. and system requirements, and ends with at 1eaét a prototype

operational system.

Programmlng A351gnment -~ A critical function in planning

and controlllng progress is the assignment of personnel to the
various activities. The number of people involved depends on the
‘ihe cémplexity of the application. There are three ways of
assigning manpower for writing programs. One method is to assign
a given application program to'one persén from start to finish.
This method has the advantage of preserving one single train of
thought without diversification. A second person, however, may
check his logic from time to time.

There is some psychological effecﬁ in giving an individual a
project which becomes his responsibility. It gives him an impor-
tant goal to work toward, one with which he can honestly identify
himself and toward which he‘Will therefore strive,

A second method is to assign oné application project to two
or more' individuals, a téam,'whose members will work together to
-develop tﬁe program. A person is normally appointed as the team
leader. The associated advantéges are:

1. Dependence on the presence, abiiity, and knowledge

of one person is eliminated,
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2. Progress toward completion is usually faster.

3. Better programs will normally be produced when more
than one person has thorough knowledge of the application.

This team method is to be highly recommended, particularly
during the initial stage of programming development. After the
effectivensss of the various individuals has been assessed, the
programming team should be regrouped. By this time more will be
known regarding such matbters as specific ability of each individual
and the availability, the job complexity, the size of the programs
and how long will they take to write, and the extent to which
problem definition has been fulfilled.

A third method is to have one person, the section leader,
do the defining.and flowcharting and have the other members do the
programming, coding and testing. For example, senlor programmers
dr systems analyst could tu:n over their definition and flowcharting
to junior progrdmmers for l;ss,responsible work. This method requires
definition and flowcharting to include extensive detalls and accompani-
ing nétes from the senior programmers to the junior programmers.

There is no fixed rule of thumb for assigning personnel. In
the development of HIS ;11 three methods were used at different

A

stages.
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Detailed Design -~ Detailed design is concerned with providing

the precise information required .-for programming and operation.
As a rule, some preliminary systems analysis is performed during
problem dgfinition and then refined in the detailed systems design.

Guided by the information as provided in the development
planning phase, thevprogrammer prepares an overall flowchart of each
run.

In HIS, a data checking program was written to check thé
validity, range, field, and sedquence of data, The load program was
written based on the requirements of ISAM, Test data were prepared
for testing tﬁe program, After the progrém had been successfully
assembled and compiled, it was cataloged into the corefimage library
for easy execution. The entire Roadlog data were then prepared and
checked before being loaded onto a permaﬁent file, The program'was
then tested with live data and the program then required modification

sevéral times before declared ready for production use.

Programming Language -~ Selection of a programming language
is a function of equipment choice or the equipment.already in use,
the nature of the problem (whether it is I/0 oriented or computation
oriented), and the versatility of tﬁe compiler. ’

The ability to produce programs more dquickly, the speed of
-debugging, and the lower cost of maintenance make writing in a
high-level language, such as CPBPL, FERTRAN, or PL/I very desirable,
The desirability of a high-level laﬁgqage is particularly suited

for an organization of open-shop nature. In case of a closed-shop
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organization, such as a large commercial house, more efficient
programs may.be written by a group of professionals using a more
machine-oriented language.

PL/I was used as the programming language in HIS becsuse of

its versatility in I/0 and interchangeability of files.

Documentation -~ Effective documentation accomplishes a number

of things:

l. It defines the scope of the programs, identifies.the
method used, and indicates changes from previous operations.

2. It aids in communication between the programmer and
the users.

3. It provides flexibility ih personnel assignment. Changes
in personnel can be handled with a minimum of difficulty when the
work has been documented.

« 4, Tt facilitates program modification ‘and implementation.
Thus adequate program documentation is of prime importance in the
planning and operation of an installation. Documentation standards
vary from place to place. For the data bank design the following
methods of presentation are recommended:

Overview: This gives an overall picture of the system.

The potential readers are generally department heads, ér application
engineers whose knowledge of computer systems may be limited. This

method of presentation should be in narrative form, avoiding the use
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of "systems jargon,”

and the emphasis should be placed on applications
and benefits.

Systems VieW{ The expected readefs of this portion of the
documentation are data processing managers or supervisors whose
interests are not confined to detailed programming. The readers
are interested in the system concept, abstracts of the programs,
and the associated usage of the hardware,

Detail View: Thé.det;il yiew serves as the comﬁunications
between the programmer and the user who is interested in installing
and modifying the system. Detailed flowcharts, attributes, field
and range of variables, and I/O should be emphasized in this portion
of the documentation.

User's Manual: The communication between the progrémmer
and the user is the User's Manual, The stress should be on inputs

of data such as coding and forms of output. "Set-up" for job

execution should be well illustrated.

Conversion -- Conversion is the gradual change from old
proceduresbof data processing., Some of the'specific tasks involved
in conversion are: |

1. Cathering real data for the system.

2. Editing the files for accuracy and correct format.

3. Provisions for tracing personnel in the department
that will supply .source data and reéeive processed data from the

data processing system.
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L, Planning.for pilot or parallel operation.
5. Establishing the schedule for‘implementing the new
processing system.
. 6. Cﬁecking the results of processing by the old and the
new systems. - |
Where new procedures are replacing old ones, two basic
approaches may be taken at the moment of cuiversion. The first is
called parallel operation. This involves the processing of current
data by both the new and the old systéms simultaneously. Parallel
operations should be carried out thrbugh a complete run rather than
fragments to give an overall evaluation of the new éystem.
A second method is called "pilot opération." "A full-scale opera-
tion, using fhe data from a previous period, should be aitempted
to back-check the accuracy of the exiéting system, Basically, a
pilot operation tests the new procedure, and accuracy 6f data testing
verifies that an individual program is performing as desired. In’
the pilot operation of HIS a series of commands were set up to
invoke the cataloged procedures to produce the 1969 Road Log Report.
The results ﬁere compared with those of the actual report. In the
first pilot run, many misconceptions in programming were clarified,
And, in the process, the run uncovered a few discrepancies in the
existing way of compiling reports;
Pilot operation provides operational training for data procegs-
ing personnel, because complete applications are run under much the

same conditions as will be encountered in actual production runs.
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Pilot operations will be repeated-as long as there are some
"bugs" in the new system. This process continues until the results

and performance of the new system are acceptable to the management.

Systems Design Summary

Systems desigh covers explorétory planning, development planning,
and implementation phases of the systems engineefing framework.
Systems design starts with problem definition, progresses thfough
the mechanics of sgtting’objectives, systems synthesis, and systems
analysis in order to select a set of objectives to be fo;lowed{

The recycling ﬁrocess of converging on systems requirements involves
activity-module transfﬁrm, system elements analysis, compéiibility
determinatioﬁ,-generic system description, system selection,
equipment éelection, and. systems optimization. The implementation
entails programming aséignment, detall design, programming languages,
documentation, ahd conversion.

With reference to our case study, and the pfoblem definition
(which reads "to devise a computer-based information system for the
Planning Survey Division which will keep current and available
information necessary to produce reports as required by FHWA"),
it can be seen that the set of qualitative factors has been trans-
formed into some viable entities. TISAM files on DASD are computer-
based; updéte procedures in the_Maintenance Modules keep data current;
Random Retrieval Modules render information readiiy available;

Report Generation Modules satisfy FHWA reduirements; and the
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Command Module facilitates easy handling of the systen,
The transformation.of conceptual requirements of a proposed

system to some viable'entities is the end product of systems

engineering.




CHAPTER V
A TOOK TO THE FUTURE

The objective of this thesis is to heighten the awareness and
understanding of systems engineering as a pfocess, and in particular
to focus on the approaches to the design of an "ideal" data bank
system for highway planning.

The growing recognition of the need for systems engineering over

the past decade has been attended by the birth of such systems as

- ICES and PERT. Also the past decade has witnessed the emergence

of using a data bank system for information retrieval purposes.
It would appear that systems engineering is here to stay in order
to help meke systems of greafer complexity more efficient, and to
bridge the gap between demand and supply in all disciplines of dafa.
This thesis does not provide all the materials for effective
systems engineefing. For one reason, effective systems engineering
is dependént on careful coordination of processes, human relations
and equlpment utilization. Such coordination can only be 1e5rned
from clinical experience in dealing with the'environmént.
The author is limited to his own environment and experience
in designing a specific daté bank for the Mbntana'State Highway
Commission. There remains thé experiencé of designing similar

systems under different environments,
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It is of interest to note from the survey of the current state
of the art discussed in Chapter IT that:
1. 85% of the state highway departments are using IBM
equipment of about the same capacity and modularity;
2. 9k, of the state highway départménts do not have a
data bank system, but seem eager to'install one in the near future;

and
3. reports to be submitted to the Federal Highway
Administration by all of the state highway departments generally cdver
the same topics. |
It would, thergfore, seem reasonable for the Federal Highway

Administration to promote a universal data bank system.
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APPENDIX A




-58-

Data Bank Survey
(Sample cover letter)

Dear Sir,

We are in the process of developing an integrated»computei-
based data bank for highway planning for the State of Montana.

The main features of this data bank arée:

1. Information is stored on a direct access storage
device using indexed sequential files. )

2. Data can be kept current through updaﬁing activities
such as rewriting, deleting and adding records.

3. Reports can be generated as required via a command
processor, providing, of course, that the command processor has
been written. |

-4, Facilities are provided for rapid-access random
retrieval purposes.

We are eager to know if we have overlooked any important steps
in our systems.develbpment. Your éompletion and return of the
enclosed questionnaire will not only provide us with valuable
information, but will also senve as a cooperative effort in a
national survey of the current state of the art in data bank design.

We will be pleased to send the compiled results to you as soon

as they are available.

Truly yours,
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Data Bank Survey Questionnaire

Configurations of your computer.

Do you have a data bank system similar to that described 1n
our letter?

State your common base of reference for cross-referencing your
files.

State the total number of files in your system that are operational.
What programming language 4did you adopt for your programs?
What is the de51gn "life" of your system?

Did you make use of the existing format or design a new format
for the data of your records?

Was the system fully documented?

Indicate the approx1mate time, if applicable, you spent on the
follow1ng: .
a. Systems studies(interview, study reports, etec.)...months
b. Systems design(writing programs, logic flows).....months
c. Programs debugging and testlng.....computer—hours
d. Documentation.....months
e. Implementation.....months
" f. Data preparation for files.....months
g. Total project--Professional.....man-days
Subprofessional.....man-days

10. Did you include a "straight-line diagram" file(this file can be

digitized into a geometrics file) in your data bank?

11. What other applications did you use for your data other than

routine reports generation and random retrieval purposes?

12, Is your department considering setting up a data bank in the near

future?

13. gtate the major reasons for not having a data bank operational

to date?




ACTIVITIES -

REPORTS

Road Log
Traffic by
Sections
Accidents by
Sections
Sufficiency
Rating

UPDATE

PROCESSING

Cara

Tape

Disk

Drum

Datacell

Otherl

Manually

Programming

Weekly

Monthly

Yearl,

Other

 Manually
Semi~-manually
Direct Listing
From Tape Files
From DASD Files
Remote Terminals
Visual Display
Indexing Microfilms

Other3

Specify:

Otherl
Other2
Other3

, Other Reports

B 7

S

Bridge Listing
Other Reports
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