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l. IHTROMCTION

1.1 RESEARCH OB3FCTIVES

This research has been directed towards the analysis and evaluation

of a generalized data base management system, and the design of imprpved

data base creation and updating methods.

One of the problems confronting potential users of generalized systems

is the selection of one of these systems from a wide variety of existing

systems.

In an attempt to evaluate a system, the feature analysis proposed by the

Codasyl Systems Committee [8] provide helpful guidelines,

Though these systems are generalized, in the sense that they provide

the necessary file processing capabilities, most of them are biased towards

the direction of providing rapid responses to information requests.

Unfortunately this bias has resulted in providing cumbersome techniques

for actually creating the data base to hold this large mass of information,

It has been felt by designers of generalized systems that the creation

of a data base is a one time procedure and so the facilitation of this pro-

cedure has not received adequate attention.

Another limitation of generalized systems dedicated to rapid response

is the inability to handle massive changes to the data base, i.e. dynamic

updating, in a rapid manner.

The Multi-Access Retrieval System-MARS VX [17] has served as a focal

point in this research effort.

The prime reason for considering the MARS VI system is that it is

typical of the more recent generalized data management systems. An added

reason for considering it has been its availability for experimental use on

the existing computer facilities at the U.W. Computer Center.



This system is typical of the more recent generalized data management

systems. The design philosophy has been directed towards providing'.

 a! a reasonably complete set of general purpose data management

capabilities,

 b! a command language which is simple, easy to learn, not

prone to syntax errors and oriented towards non-programmer users,

 c! hierarchical data handling capabilities with multi-level nesting,

 d! internal structures for rapid response to queries and

 e! facilities allowing multi-access in a real-time environment

However, the system has severe input data restrictions and these

restrictions hamper the creation of the actual data base though they in

no way inhibit the user from easily specifying any complex hierarchical

structure to relate the various elements of his data base.

The input format, used to create the data base, requires complex

character manipulations which make the cost of creating the data base

almost prohibitive, as FORTRAH and COMPASS on the CDC 6000 series are

hardly oriented towards character manipulation ln data strings. Hence,

one of the major objectives of this research has been to modify the data

base creation procedure, with a view to facilitating and increasing the

flexibility of this procedure, as well as reducing the creation costs

substantially.

The following facilities have been incorporated to meet this objective:

l. The syntax of the user language has been expanded to allow the

user to create tables, which relate the key fields designated by the user

to the actual physical location on the record. [Appendix Aj

2. Provisions have been designed to allow the user to create tables

which contain the relevant hierarchical association between the designated



key fields. [Appendix A! ..

The new MARS VI system employs these user created tables along with the

definition tables which have been created by specifying the data base

structure to validate and load actual data values into the data base.

In the original system the retrieved subsets of the data base were

sub!ect only to limited processing capabilities and no provisions had been

made to input the retrieved subsets for other more powerful data analysis

packages such as SPSS or BMD. [l9, 2j.

This capability has been provided in the new MARS system and the user

is now able to conduct complex analyses of his retrieved data. This pro-

vision is important since the use of statistics is a ma!or tool for the

management of data resources.

In order to incorporate the facilities described above, additions have

been made to syntax of the LOADER and RETRIEVAL modules [3.3, 3.4j.

1.2 SURVEY OF THE STATE OF ART IN GENERALIZED DATA MANAGEMENT SYSTEMS�

Current trends in data management techniques are in the direction of

development of generalized data management systems, i.e., systems of gen-

eralized programs which provide the common data management functions of

storing, retrieving and updating data for a wide variety of applications.

There are two classes in generalized data base management systems.

1. Host-language capabilities

2. Self-contained capabilities

The host-language capabi1.ities are merely new tools for the applications

programmer to facilitate the handling of complex data structures. Gener-

ally host-language systems offer the capability to define hierarchical

structures. The host-language capabilities are merely built upon the

facilities of a procedural language such as COBOL, PL/I or FORTRAN.
' ~



As host-language capabilities are primarily within the realm of an

applications programmer, the emphasis has been more towards the development

of self-contained systems,

In using a generalized data management system with self-contained

capabilities the user is actively involved. The user is required to

explicitly define a desired data structure. A pre-programmed or built-in

processing algorithm automatically allocates space, establishes directories

and affords a degree of independence between the generalized programs and

the data with which the program interacts. Depending on the degree of in-

dependence, programs can accommodate varying degrees of change in the

definition and structure of the data without the necessity of modifying

the program itself ~

Self-contained generalized data base management systems are geared

primarily towards the non-programmer. A whole new language is offered,

which is non-procedural, i.e., free from the restraints of procedural

languages like PI./1 or FORTRAN, The syntax of the language is oriented

towards the natural languages and is rather simple to master.

Generally, user interaction is on-line from a remote terminal, but

most systems are accessible through the batch mode. Typically, the user

will not be involved with the actual creation of the data base but will be

formulating and directing his own queries at the data base. Updating of

the data base may be yet another user interaction.

The essential features of a generalized data base management system

are listed below [8!.

1. Data Definition - This permits a user to define a data structure

in any arbitrary hierarchy of data elements within logical entries. The



defined data structure ls generally different from the ~stora e struccure,

whf ch is the particular file organization used internally by the system.

2. Data Retrieval � The retrieval function involves making selective

searches within a data base. Retrieval requests typically contain a liat

o f data items or logical entries to be outputted depending on certain

selected criteria. Various operations such as computations, sorting and

reformating may be performed on the extracted data.

3. Data Base Creation � This involves either a built-in processing

algorithm for constructing the data base, operating entirely on the user's

data input or programming in a conventional sense to create a data input

acceptable to the built-in function, provided by the system.

4. Updating the Data Base - This encompasses changing, adding to or

deleting values of certain data items or certain logical entries within

the data base. However, the data definition or the data structure of the

logical entries may not be restructured as this would imply modifying the

pre � stored data definition. Update is a process somewhat analogous to

retrieval in that some part of the data base must first be selected. In

most systems the selection facilities are modelled on those used in the

interrogation function. However, once a certain part is selected or up-

dated, it is changed in some defined way rather than displayed in a report.

Review of some current data management systems-

l. Generalized Information System  GIS! has been developed by IBM

for the System 360 and is available both in the batch and interactive

environment. The language is procedural with high level operators which

are used to specify the processea of file definition, file creation, file

updating, file eortini and file interrogation. Hierarchica1 structuring



p f data is permitted . The system requires a fairly large machine and a

fair amount of storage, with the batch processing version available on a

Model 40 with 128 kilo-bytes of core and the interactive version available

on a Model 50 with 312 kilo-bytes of core. Details of the system can be

found in the applications manual [10!.

2. ISL-1 - Data base definition, organization, creation, maintenance

and interrogation are handled by generalized procedures invoked by the user

in a non-procedural command type language. The interesting feature of this

system is that the definition language for specifying the data structure

desired is primarily in a tabular form, whereas the other processes are

specified in a string language. Simple or complex hierarchical data struc-

tures are allowed, The system is availab1e on an IBM 360/30, 40. Further

specifications of the system are available in the Codasyl Systems Committee's

report on Generalized Data Base Management Systems �!.

3. Mark IV � This system arose out of batch oriented data processing

and still has some features left over from essentially tabulating or card

system environment. Its input is by fixed preprinted forms. It does not

have good facilities for easily generating new files and extracting data

excerpts for report generation. It is available on a fairly wide variety

of machines. The language is non-procedural and hierarchical data struc-

tures up to nine levels of nesting are allowed. It is suited for commercial

information systems and is used fairly widely.

4. Time-shared Data Management System is a general-purpose system

designed to permit users to define, generate, correct, maintain and retrieve

information from large data bases, The language is non-procedural and is

free-form, beginning with command words followed by command objects and



The system is oriented towards rapid response to queries and

ppci ates in both the batch and the interactive mode. Hierarchical data

structures in the form of trees are provided and certain computations can

bo performed on the retrieval data subsets. The system is operational on

an IBH 360/50H, but can also be implemented on a larger configuration under

the control of a suitable time-sharing executive. Specifications of the

system are available from the Systems Development Corporation [3,4,22].

5. User Language/1 System � is available as part of the standard

software package for the Spectra 70. The philosophy of the system is to

provide easy usage by non-programmers, including those interrogating or

updating a data base from a remote terminal.

The batch processing version is available on 70 Model 45, 55 or 60,

requiring 131K of memory. The tine-sharing environment for both the time-

sharing and batch processing mode is available on a Spectra 70 model 46,

An interesting feature of this system ie the capability provided for

storing frequently used and therefore predictable interrogations and updates

to the data base, so that these may be invoked by the lowest level of user

who need know essentially nothing about the command language. Two techni-

cal papers have been published on UL/1 [21].

Although the systems discussed are similar in basic design approach,

they vary widely in processing capabilities, language used, user orienta-

tion and file structure.

Generalized data base management systems which have built-in capa-

bilities, offer considerably reduced set-up time and a vast reduction of

the time required to prepare a new interrogation or an update to the data

base. Xn this respect, such systems make ma!or economies in the use of

people's time and can also give a more rapid satisfaction of ad hoc



jnf ormation requirements [8] .

A recent trend in the development of data base management systems is the

@ f fort to produce a universal language for the description and manipulation of

data stored within a data base. The intent of such a language is to des-

cribe a data base independently of any programming language [25!.

The use of more than one programming language to access the same

data, normally requires data conversion from one format to another. The

cost of handling ever increasing volumes of data combined with increasingly

complex processing demands have created the urgent need for a method to

create and manipulate a data base which is common to all applications but

independent of any particular programming language [24].

A new CODASYL Data Description Language Committee  DDLC! has been

formed for the development of a common data description language to be

developed on the efforts of Codasyl Data Base Task Group. The efforts

of this group will probably lead to a comprehensive data manipulation

language designed to further improve execution performance and system

integrity.

1.3 DEFINITIONS OF TERMINOLOGY

Definitions of terminology used in describing the MARS VI system are

given belo~ to aid in the understanding of the system features.

a. A. user-defined data base consists of sets of logical entries.

b. A logical entry is a file of information built on the definition

structure. The definition structure establishes the structural

relationship between data items. Data items are entered in

accordance with this definition in the logical entries.



A component is an element or node of the definition structure.

1! Element components are tree definition nodes which are assigned

data values in the data tree.

2! A repeating group component serves as a parent to components

specified as members of that repeating group set, linking all its descendants

and thereby allowing the establishment of a hierarchical structure.

3! A repeating group set consists of all components, repeating

groups and elements attached to the same repeating group component. The

repeating group set is created at the repeating group level plus 1, i eely

if the repeating group component is at level 1, the repeating group set is

created at level 2.

d. Level numbers are used to identify the level of hierarchy in the

tree structure. The higher the level number, the lower is the level in

the tree structure.

e. A multi-record data input file is one which contains different

data records linked to each other through one or more components.

f. A data file is the co11ection of data records into logical units.

g. A data record is a collection of elementary data items.

h. A data item is the basic unit of information that the system

stores, retrieves and processes.

i. A data base management system is one in which a controlled body

of data is made available in machine-based form for retrievals processing,

and reporting.

2. MAJOR COMPONENTS OP THE SYSTEM

2.1 GENERAL ORGANIZATION-

The MARS VI system uses the modularity concept in its system architecture.
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Sof tware 'has been developed in small, independent and easily controlled

modules each with a particular task.

Each of the modules is treated as an overlay. An overlay is a portion

of a program written on a file in absolute form and loaded at execution

time without relocation, to ensure the fastest possible loading speed as

well as reduce the size of the resident loader.

When an overlay is loaded from a file, it is identified by its level

number, The level number is a pair of two-digit octal numbers �-77 ! giving
8

the primary and secondary overlay relationship. The first number is the

primary level, the second is the secondary level. An overlay with a non-

zero primary level and a zero secondary level �,0! is a primary overlay.

Any overlay with the same primary level and a non-zero secondary level �,1!

is associated with and subordinate to the corresponding primary and is called

a secondary overlay. This difference is significant when overlays are loaded.

Level�,0! is reserved for the main overlay which remains in core memory

during overlay execution.

The main overlay �,0! is loaded first. All primary overlays are

loaded at the same point immediately following the main overlay. Secondary

overlays are loaded immediately following the primary overlay. Loading

the next primary overlay destroys the first loaded primary overlay and any

associated overlays. Similarly, the loading of a secondary overlay destroys

a previously loaded secondary overlay [9]. There are a total of 33 overlays

which comprise the MARS system in its entirety,

The overlay organization is

l, MAIN OVERLAY �,0! � CONTROL MODULE

2. FRIMARY OVERLAY �,0! - MPINE MODULE



3, PRIMARY OVERLAY �,0! � LOADER MODULE

4. PRIMARY OVERLAY ��! - UPDATE MODULE

PRIMARY OVERLAY ��! � RETRIEVAL MODULE

PRIMARY OVERLAY ��! � REPORTER MODULE

gic above overlays are typically the ones the user interacts with,

while utilizing the system.  See Fig. 2.1,!

2,2 PRIMARY FUNCTIONS OF SYSTEM ELEMENTS-

A, CONTROL MODULE � Communication between the user and the MARS VI syst' em

is handled by the control module. Basically the control module has two

tasks. One is the supervising of user file operations, while the second

entails the sequencing and execution of the other modules.

The system-user communication is handled through the following files

l. COMMAND FILE

2. REPORT FILE

3. MESSAGE FILE

4. DATA FILE

The CO~ND file contains user directives which specify the step-wise

processing of the user's data.

The MESSAGE file contains an echo of each user directive as it is

encountered on the COMMAND file, as well as error messages due to errors

incurred while executing the directives.

The REPORT file contains results obtained by the execution of directives

on the CONRAD file.

The DATA file contains the user's data, which can be either in the

inverter string format or in a user desired format.
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ll>c control module also interacts with the CDC 6400's SCOPE 3.3

epcrating system.

p, I/O MLVAGER - This serves as a housekeeping system designed to relieve

«her modules from the task of locating and moving data in storage,

The I/O manager interacts with the data base and utilizes the PRIMITIVE

FUVCTIONS,

The data base exists as a set of tables with each table being logica11y

divided into partitions. Partition size is variable, but has been set for

256 central memory words at this installation.

A table contains entries with various items and the I/O manager uses

the PRIMITIVE FUNCTIONS to store/retrieve an item or several items from a

particular table entry in the table.

In addition the PRIMITIVE FUNCTIONS contain routines for converting

relative addresses to absolute addresses as well as allocating partition

space to the various tables in the Input/Output buffer area of the system.

The I/O manager handles all transfers of tables from external storage

to disk and movement of the relevant partitions from disk storage to central

memory.

C. SYNTAX-DIRECTED PARSER � The parser uses the syntax tables for parsing

user directives.

The DEFINE, LOADER, RETRIEVAL, UPDATE and REPORTER modules each have

their own syntax tables. Control module directives can be given in any of

the other modules and hence the syntactical structure for all control

directives is contained in each of the other modules.
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~he purser uses a scanning routine for obtaining syntactical units. A

,,,"...,q<tf.cal unit is recognized as a string of alphanumeric characters from

t!ig pugh Z and 0 through 9. The syntactical unit is delimited by any CDC

,I,nzncter which has a display code greater than 44 octal, i.e., semicolon,

+ etc. Each of the delimiters, serves as a syntactical unit by itself f

q;.:~ept 5S octal which is a blank, Hence, the parser handles user dir-

ectives with leading and trailing blanks, the blanks only being considered

when appearing as delimiters between syntactical units.

D, DEFINE "IODULE � This permits a user to describe the contents of the

entries he desires in his data base, as well as define the organization in

any arbitrary hierarchy of data elements within entries.

The DEFINE module must be used to create a data base before any other

module can be called. Creation of a data base here only defines the struc-

ture of the data base. Data values are not loaded by the DEFINE module.

The defining feature is divided into two phases, the declaration and

the finalizing phase.

During the declaration phase the user issues commands and definition

entries, which he can modify at his own discretion.

The finalizing phase makes a data base definition permanent, by

creating the definition tables which contain the user-defined component

number and names, the type of data associated with each component, as well

as the hierarchical relationship between the user-defined components. The

data structure of entries in the data base cannot be restructured during

the course of this session. A session is defined as the execution of user

directives on the command file till an EXIT; directive is encountered, which



the exe cut ion o f. directives and trans f ers control out of the

~,."; VI system and back to the SCOPE supervisory system.

Thc user is permitted only one data base definition during a single

,i<p,pS VI session.

E. LOADER MODULE � Actual data values to the data base are assigned by
tbjs module, in accordance with the finalized data base definition specified
in the DEFINE module.

The LOADER module scans and analyses the input string before accepting
it for loading into the data base. Various checkpoint reports at different
stages of the loading as well as errors encountered in the input. string
can be displayed on the MESSAGE file.

The LOADEP. module can he called several times to add new logical

entries to an already existing valued data base.

F. RETRIEVAL MODULE � The RETRIEVAL module permits to qualify, retrieve
and output data at any level of data hierarchy from the data base. Re-
lational Operators and Boolean Conditions are applied to data items in
order to qualify data sets for retrieval.

Simple processing of data items i.s also permitted. The following
arithmetic computations are performed on data base values

1. Average

2. Count

3. Maximum

Minimum

5. Sum

6. Standard deviation
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order to submit subsets of data retrieved to more complex

.,«<c.,;<ng, the user can generate an output file which can be then input

any FORTRAN program or s tatis tical package such as SPSS or BMD [ 19, 2 J

UPDATE MODULE � This provides the capability of editing an existing

,I.,ta base through the use of directives incorporating addition, deletion,

 ~acr tion and changing of data values.

Data value manipulation can involve entire logical entries, portions

pf ]oui,cal entries, data sets or isolated data items.

The UPDATE module can in no way alter the definition structure speci-

f fed in the DEFINE module,

The UPDATE module allows the user full use of retrieval specifications

to qualify data sets and data items for modification.

REPORTER MODULE � It accepts a report format description and generates

a report based on this description using the subsets of data retrieved by

the RETRIEVAL module.

Typica1ly the report format description consists of 1! the report

title which is printed at the top of the first page only, 2! column headings

which are printed after the title on the first page, and at the top of all

subsequent pages, and 3! user-defined vertical and horizontal page spacing.

The MARS system can be activated in a batch processing mode, which includes

access from remote teletypes through use of the U.M. TANDEM VERSION 1.1

system, TANDEM is a "conversational job entry" system. The TANDEM user

may create and correct jobs at hie terminal while enjoying almost instant

turnaround, Once ready to run, the job is submitted from the terminal into

the normal batch queue of the CDC 6400, and the results will be available
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t~~c terminal  or on a printer! when it has completed execution f28j.

I'acillties for interactive processing will also be available with the

i picmentation of the SCOPE 3.4 operating system, using its Intercom Pack-

In fact the system design is oriented towards the use of conversa-

t iooal operations from remote teletypes which greatly enhances the use of

the simple command language.

3, DESCRIPTION OF COMMAND LANGUAGE

A syntax directed parsing system is used by the CONTROL, DEFINE, LOADER,

QETRIEVAL, UPDATE, and REPORTER modules to interpret commands being issued

by the user.

A metalanguage is used to describe the syntax, while the semantics

,~re described in English, since no formal semantic language has yet been

developed. The metalanguage used is BNF-like  Backus Normal Form or Backus-
r

Naur Form!. The notation does not adhere strictly to the formal definition

of the metalanguage but is intended to indicate the purpose of each command

[18,27].

The syntax rules ae defined by the metalanguage specify which sequence

of symbols are permissible; the semantic rules specify the meaning in terms

of an  interpretive! execution of this string of symbols, i.e., what happens

if the command ls executed. In addition due to the restrictive expressive

power of formal syntax rules, the semantic rules often give a further syn-

tactic description.

The following metalanguage symbols are used in the BNF-like notation

adopted:

denotes a metalinguistic variable. Symbols

not enclosed between < and > denote
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themselves. Concatenation is indicated

by !uxtaposition.

is defined as

or

repeats the previous syntactic unit

zero or more times.

  uad3 denotes choice of symbols. The set of

alternatives is usually stacked vertically.

denotes end of command, or of a user-

directive.

The intent of using a metalanguage to describe the syntax rules is to

ensure conciseness, which apparently tends to be incompatible with reada-

billty and clarity . Hence a description of the semantics in English,

coupled with the syntax description in a metalanguage provides a definition

number of users.

The fo11owing description of the commend language attempts to achieve

the desired obgectives.

3.1 CONTROL COKQNDS

COHNAXD FILE XS <filename>;

The command file contains user directives which describe the processing,

in a step-vise fashion to be accomplished with the user's data.

REPORT FILE IS <filename>'

The report file contains results obtained from the execution of user

directives on the command file.

of the command language vhich is most meaningful and useful to the greatest
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ip'SSAGE FILE IS <filename>;

This contains errors incurred during the execution of the command

DATA FILE IS <filename>;

This contains the user's data in the loader input string format, or

~rr a user-specified format,

The default for t' he cornrnand file in INPUT.

The default for the message and report file is OUTPUT.

<filename>::» 1-7 alphanumeric chararters

EXIT;

This command is used to terminate the session and control passes

over to the next Scope control card.

3,2 DEFINE COKfANDS

DEFINE;

The DEFINE command is used to call the DEFINE module which is overlay

 l,0! into the computer.

NEW DATA BASE <data base name>;

<data base name>::= l thru 20 alphanumeric characters

The user assigned data base name serves as an identification for a

new data base and the DEFINE module initiates the definition version number

to 1, and the data version number to zero,

The first component description in a new declaration must be a level

0 description, where the component is either an element type or a repeating

group. The higherthe level number, the lower is the level in the hierarchi-

cal structure.

<level 0 component description>r:» <component description>  <type 0 description>!
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- ppgent description>::~ <component number> <separator symbol>

<component name>

,«-poncnt number>: " any 1-4 digit user defined number

<.cparator symbol>:: <system defined separator>/<user-defined separator>

w>yp tern de fined separator>:: ~ !

i�-cr-defined separator>:: any legal non-alphanumeric disp1ay code

character, not occurring in the data string

and excluding the blank, the "," and the

<component name>'.: any string of display code characters up to a

maximum of 150, excluding the user-defined

separator symbol and the "," and the ";"

<type 0 description>:: <repeating group type>/<element type>/

<repeating group type> <nulls option>/

< element type> <padding option>

<repeating group type>::~ RG/REPEATING GROUP

A repeating group component type serves as a link for subordinate com-

ponents and hence has no actual data associated with it. Repeating groups

may be nested to a depth of 63 levels below the 0 level.

<element type>:: <name>/<date>/<integer number>/<decimal number>/

<exponential number>

<name>:: any string of display code characters up to a maximum of 255

<date>:: mm/dd/yy / mm/dd/yyyy

If the year is in the 20th century then only

the last two digits of the year code are

needed.
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number>::= any' string of numbers up to 15 characters including

the sign

l;"al number>:: any string of numbers up to 15 characters including

the sign and the decimal point

a string of 20 characters of the form ~'nE+m,,~onentlal number>::~

where n is an integer number, E is the base 10

exponent and m is an integer number limited

to a maximum of three digits

nails option>::= WITH NULLS

", n<lding option>::= WITH <mm >PERCENT PADDING/WITH <amount> FUTURE

ADDITIONS

'-ri,n>::= any integer number less than 60

<.~mount>: " NO/FEW/SOMK/BLQIY where,

NO ~ OX

FEW ~ 15 X

S04lE ~ 30X

NAVY ~ 50X

<level n component description>:: <component descriptiong<type n description !;

0< n < 63

<type n description>:;~ <repeating group type> IN <parent component number>/

<element type> 1'N <parent component number>/

<repeating group type> <nulls option>/<element

type> <padding option>

<parent component number>::~ any previously declared repeating group com-

ponent number



~,.~,,il entry>:: <level 0 data set>/<dummy level 0 data set>/<logical

entry> <repeating group data set>

,, l 0 data set>::= data values that were entered for the defined

level 0 elements, if any, for a specific

logical entry

�-,~eating group data set>:: <level n data set>/<dummy repeating group

data set>

c>evel n data set>: " a single set of actual data values for a repeating

group

<Jnzmy level 0 data set>::~ data set at level 0 with no associated data

values

<dummy repeating group data set>:: repeating group data set with no

data values

DESCRIBE;

This allows a user to output his data base definition to the REPORT

file.

CHANGE DATA BASE NAM TO <data base name>;

The user can alter the name of his data base by issuing the above

command.

CHANGE NAME OF <component number> TO <component name>;

The component name associated with any component number can be changed.

CIMNGE NUMBER OF <component numberl> TO <component number2>

RENUMBER;

This command causes all user-defined component numbers to be renumbered

in their current input string sequence order, with the first component number

being set to l, and each succeeding component number being incremented by l.
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Othe'.r variations of this command are,

Rp;NlpgER STARTING WITH <integer number> AND INCRKNEViTING BY <integer

z. 'e'er>;

RENESER STARTING WITH <integer number>;

Each succeeding component number is incremented by l.

RE'AU.'SER INCREHENTING BY <integer number>;

a RG
REPEATING GROUP

TO

NULL OPTION

FRON'HOVE

<component number>;

The above commands allow the user to add or remove nulls from any

repeating group component.

DELETE <component number>'

DELETE <component numberl> THRU <component number >;2 '

DELETE <component number> TO END;

The DELETE commands delete single definition input string entries or

inclusive group of entries. "TO END" signifies the end of the definition

inpu t s tring entr ies .

EFORE

INSERT <component number>;
PTER

The starting component number is set to l and the succeeding ones

are incremented by the specified integer number.

CHANGE TYPE OF <component number> TO <type 0 description>/<type n

descrip tion>;

This command may be used to change an element component type to another

element component type or to a repeating group component, but it cannot be

ascot to change a repeating group component to an element type, because the

repeating group has descendants in the hierarchical structure, associated

Mith it.
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t~ <inaction input string entry or entries may be inserted before or

, ..., a desired component number.

ADD TO BOTTOM;

g>fs command informs the module that the input string which follows

t>c added Co the end of the DEFINE input string.

REORDER command is issued before the data base definition is

<,qaJ fred and enables the user to dictate the display order, which other-

.<,c parallels the DEFINE input string order of component occurrence.

Tbc reorder ing options are:

REORDER BY NUMBER.

Tive data base declaration is reordered in an ascending order of the

co-.:pouent number occurrences.

REORDER BY LEVEL;

The data base declaration is reordered by the level numbers in an

ascending order i,e. all members belonging to the level 0 appear before

all members belonging to the level 1 set.

RG

REORDER BY

REPEATING GROUP

The data base declaration is reoxdered by grouping together all members

of the same repeating group. All level 0 components are grouped at the

start of the input string.

MAP ~

This finalizes the definition of the data base, The definition tables

are created and the data definition number is set to l. Once the data base

definition has been finalized by issuing the MAP command, the tree struc-

ture and the type descriptions associated with the various component names

cannot be altered.
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! 3 LOADER COiM4VDS

LOADERS

LOADER module which is OVERLAY �,0! is invoked by the ab ove

;;-,~nd.

A finalized data base definition must be referenced before data

,.,~,,ng can be loaded. If the user begins the !ob session using the loader

the LOAD DATA BASE CO~MAND FROM <filename>; must be issued prior

calling the LOADER module. If the call to the LOADER module follows use

nf another module ~ then the f inalized data base definition is already in

r,~odom access storage, and the load data base command is not required.

ENTRY TERMINATOR IS <entry terminator>;

<entry terminator>:: 1-10 alphanumeric characters except

The entxy terminator is used to signal the end of a logical entry.

SEPARATOR IS <separator>;

<separator>::~ any CDC character except A thru Z, 0 thru 9,

blank or the ";"

The default value is "!"

NOTIFY 1'KSSAGE FILE IF A'K ERRORS OCCUR,

ENTIRE ENTRY

DISPLAY LEVEL 0 ONLY

ERRORS OVi LY

The EVi TIRE ENTRY option lists all accepted and re!ected data values

for the entire logical entry on the message file.

The LEVEL 0 ONLY option lists all level 0 data values which are

accepted and all re!ected data val.ues on the message file.

The ERRORS ONLY option produces a list of re!ected data values only,
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!ven one error in t>te data for a logical entry causes all ~remeinin

for that logical entry to be rejected although the remainder of the

,, >tring will also be scanned for further errors.

In general, each data value with its associated component number is

f fuff'fi on a single line; and the appropriate error message is given on

print line following an incorrect data value. All accepted data values

�', ~ orror-free data values which have been rejected are displayed with no

r. ror messages. A total count of the number of accepted and rejected

ta values is given for each logical entry displayed because of error

fo~tiitions in that logical entry.

ISSUE REPORT WHEN ALL LEGALITY CHECKED;

The user's data input string is scanned to the end and a checkpoint

rcport consisting of the number of acceptable entries, number of rejected

rntries, number of values rejected, number of data sets accepted and the

number of non-valued data sets accepted is given.

ISSUE REPORT MiEN SELECTION TA3LES ARE COMPLETE;

This indicates that a report is to be outputted on to the report

file when all data values for all the elements have been merged into the

selection tables.

ISSUE REPORT WHEN FIiVAL SORT IS COliPLETE;

This indi,cates that a report is to be outputted on to the report file

when the data sets have been sorted into data set order and the construc-

tion of the retrieval tables can begin.

ISSUE REPORT WHEiV LOADING IS CO'ttPLETEg

This indicates that a report is to be outputted onto the report file

when the retrieval tables have been constructed and the LOADER module has
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..<~ ~ fu!}y loaded the input data string.

ISSUE REPORT W}}EN ALL CHECKPOINTS OCCUR;

four checkpoint reports mentioned above are to be outputted at

< proper time on the report file.

<integer number> ERRORS

STOP AFTER

SCAN

SUPP RE S S COIPKNTS;

The above command will suppress all user comments encountered in the

Ja ta input s t ring� .

DATA FILE is <filename>;

The user's data file is identified by this command.

THE COMMANDS WHICH FOLLOW BELOW HAVE BEEN INTRODUCED IN THE SYNTAX

FOR THE NEW MARS VI SYSTEM.

DIRECT FILE INPUT;

This command informs the system that a record description of the

user's file follows, which will be used to create the tables which hold

this description.

RECORD <number>;

<number>::» any integer number from 1 to 10. The record

number is mandatory only if the user has a

multi-record data file.

In the case where this command is not included in the user-directives,

the system assumes that the user's data file contains only one type of

This directs the scanning program in the LOADER module to stop scanning

g',~c user's input data after the specified integer number of errors or after

~]} the data has been scanned.
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,. �~p and the record number is assigned a value of l.

ID
I$ <record identifier name>;RECORD

IDENTIFIER

<column number>

COL <column number>

<column number> TO

COL <column number> THRU
FRO. 1

ID
IS <record identifier name>RECORD

IDENTIFIER

<column number>

COL <column number>
IN

.record identifier name>: "~ any 1-6 alphanumeric characters

'column number>' " any integer number from 1 to 640

The record identification is only required for a multi-record file,

so that the system is able to distinguish between different kinds of

records, Variable length user records are allowed and the maximum limit

to the length of the user record is 64 words or 1 physical record t5!.

KEY CO~i%ON FIELDS FOR THIS LOGICAL ENTRY ARE

C <component number>

<compare keys>

<compare keys>;:= C <component number>,/<compare keys >

This command is mandatory only if the data base is hierarchically

structured, The key fields to be compared in order to determine the various

records belonging to a logical entry are made available to the system.

OL <column number>

column number>
<component number> <separator> FROM
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<column number>IO

-,;~pU COK, <column number>

�>~~nt number> <separator> IN COL <number>

g>e location of the fields on the physical record of the user's data

rc]ated to a particular component number description is made available

,, i;.-,ning these commands. If the component number described is the last com-

np number description in the user's record, then a semicolon must terminate

~ r command. If other component number descriptions follow, then this par-

~ r �lar component number description must not be terminated with a semicolon.

-, >e semicolon st the end of a component number description informs the system

terat the component number description for the user's record is complete and

the necessary component description tables can be now created.

If the user has a multi-record data file then the following sequence of

s<eps is necessary to create the various tables:

l! A unique record number has to be assigned to each new record.

2! A unique record identification is to be associated with each new

record.

3! The various components occurring in each of the records have to be

described.

SCAN;

Once a complete description of the user's data file has been submitted,

this command proceeds to check the validity of data values, as well as loads

actual data values into the data base, according to the definition structure

specified. Hence a valued data base is only created after issuing this command.

SAVE DATA BASE ON <filename>;
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gizlcss this command is issued a permanent copy of the data base is not

I, Th!.s wil 1 save the data base on a magnetic tape . The data base is

�,,-,~<~;nt on three files on this particular magnetic tape. The files contain

The header information, which includes the data base name, the

,i <<qftion version number and the data version number.

2, The actual data base which consists of,

a, The Definition tables which have been constructed by the

DEFINE module.

b, The Selection tables which have been constructed by the

LOADER module and which can be altered by the UPDATE module.

c. The Retrieval tables which have been constructed by the

LOADER module and can be alt red by the UPDATE module.

3. This contains trailer records which signal the end of the data

base,

The SAVE DATA BASE command can be issued at any time after the LOADER

nodule has constructed the data base. However, it should be issued prior

to issuing the EXIT; command which terminates the particular session.

3.4 RETRIEVAL CO.L%&DS

RETRIEVAL;

This command is used to call the RETRIEVAL module, which is OVERLAY

�,0! into central memory. If the session starts with the creation of a

data base, use of the DEFINE and LOADER modules must precede the use of

the RETRIEVAL module. When the session starts with the use of the RETRIEVAL

module, the appropriate data base must be loaded. This is accomplished by

issuing the following command:
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LOAD DATA BASE FROM <filename>;

...~ zcsqages from the RETRIEVAL module are sent to the MESSAGE file,

�,-,,s the retrieved output is sent to the REPORT file. These files may

,...;-cified at any time and if not specifically given are set by default

the on-line printer.

Retrieval requests can have any one of the possible syntactic

;; r~ictures

PRINT <output collection> WHERE <retrieval specifications>;

PRINT <output collection>;

LI LOAD;

EALOAD MHERE <retrieval specification>;

The PRINT request sends output result as desired by the user to the

>:!;PORT file, whereas the UNLOAD request produces output in the LOADER string

input format.

QUALIFY ON FILE Cilename> output collection> WHERE <retrieval specifi-

cs 6 Lons>;

QUALIFY ON FILE < filename> < output collection>;

THE QUALIFY COMMAND ZS A FEATURE OF THE NEW MARS VI SYSTEM.

The qualify command is used to retrieve subsets of data and store them

on either a disk file or a magnetic tape identified by the filename specified

in the command. This retrieved subset of data can then be processed by

any processing program, using this file as its data file.
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..,~i thmat ic functions�>:: = COUNT/SUM/AVG/HAX/YiIN/SIGNA
The scope of the output is defined by the component type. Components

.r e>event type which appear in the output list cause those elements res-

>«tive values to be output. Components of repeating group type cause the
;,,]ues of all elements in those repeating groups and their subordinate re-

,,nting groups to be output.

except the COUNT function.

The arithmetic functions perform the following tasks

COUNT � Totals the number of occurrences of an element value, repeating

groups, data sets or logical entries.

2. tfAX - Selects the highest data value assigned to an element. This

 unction can be used with alphabetic or numeric data values. If used with

alphabetic values, MAX is equal to the last alphabetic entry in a alpha-

betic listing,

3. !iIN - Selects the lowest data value assigned to an element. This

function can be used with alphabetic or numeric data values' If used with

alphabetic values, MIN is equal to the first alphabetic entry in an alpha-

betic listing.

SUM - Totals the data values assigned to an element. This function can

be used with numeric data values only.

5. AVG � Divides the total of the data values for an element by the total

number of occurrences of data values for an element, i.e., AVG SUN/COUNT.

This function can only be used with numeric data values.

6. SI&9 - This computes the standard deviation of data values for an

element. SIPfA can only be used with numeric data values.
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The BY HIGH and the BY LOW refer to the sorting criteria to be per-

The "BY LOW" sort instruction will generate a normal 6400 display

�,.~c ordering, except that a blank is always treated as the lowest character

The "BY HIGH" sort instruction will generate an inverted display

<,~ gc or de r ing.

It should be observed, that the term "ENTRY" is used to represent the

]evcI zero repeating group.

AND

'.rc trieval speci f ications>:: = <condition > OR <condition>!
NOT

<repeating group> HAS <condition>!

<retrieval specifications>

<condition>::- <component name> <relational operator> <user supplied valve>/

C <component number> <relational operator> <user-supplied
value>/

<component name> EXISTS/<component name> PAILS/

C <component number> EXISTS/C<component number>

FAILS

<relational operator>::~ EQ/NE/LT/LE/GT/GE

<user-supplied value>i:= data string supplied by the user

The components must be of type element in the "conditions" used in

the "retrieval specifications"

The "HAS" clause permits designating a level of hierarchy for retrieval

different than that used in the qualifying boolean expression.

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e WHERE SARK !

This expression specifies that the WHERE clause of the immediately
J

preceeding request is to be used as the WHERE clause of this retrieval request.



DITTO W11ERE.........,;

@~is expression specifies that the output collection of the immediately

,�,�ed ng request is to be used as the output collection of this retrieval

g '!gest

UPDATE COFHAiVDS

TI>e above command invokes the UPDATA module, which is OVERLAY �,0!.

Let us first consider commands which perform single level modification

f .e., modifications which af feet only one level of data sets in the data

t! ase

ADD <component name>/C <component number>/E!ENTRY/CO

!:q <data string> WHERE <retrieval specifications>;

Within each selected data set, the ADD operation looks at the status

Df each element specified in the update request. If the element already

has a value, no action is taken, otherwise the new user-supplied data

string is added ta the contents of the data set.

ENTRY or CO specifies the level 0 data set. The components may be of

either type element or repeating group.

The "retrieval specifications" are the same as in the retrieval

reques ts.

<data string>::= <data values> <separator> <separator> <entry

terminator>

If the component type is repeating group then the data values are in

the logical entry format.

<logical entry format>:: <data set> <separator> <separator> <entry

terminator>

<data set>:: <repeating group component number> <separator> <data items>/

<data set>
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I t<.ms > ': <component number > <separator> <data value� >/ <data i terna>

-;,>ting group component number>::= any user assigned 1-4 digit number

to a repeating group type component.

,t< value>:'= actual user assigned values to the components in the data base

;,;<;E <component name>/C <component number>/ENTRY/CO Eg <data string> NIERE

rr t r icval speci f ications>;

d'or each selected data set if the element has a value, it is changed

, the new value supplied in the data string. If the element has no value,

-..i action is taken.

The other requirements are similar to the ADD operation.

::,",i!'JE <component name>/C <component number>/ENTRY/CO %1ERE <retrieval

specifications>;

If the specified component is of element type, then for each selected

;!;~t~ set, if that element has a value, the value is removed, otherwise no

a;tion occurs.

If the specified component is of type repeating group or ENTRY, then

i vcr value is removed from ~ever selected data set.

ASSIGN <component name>/C <component number>/ENTRY/CO Eg <data string> MHERE

< re tr ieval speci f ications >;

The ASSIGN operation assigns unconditionally new values for each

element specified in the update request, for each of the selected data set.

The other requirements are similar to the ADD and CHANGE operations.

Hulti-level or tree modifications affect more than one level of data

sets, i.e., descendent data eats that lie below the selected data setsi are

also modified.

The components can ~onl be of type repeating group in all TREE operations.
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I,hr,p jtE TREK ENTRY/CO/ <component name>/C <component number> WHERE

icval specifications>;

This operation removes each selected data set and all of its descendent

~ , -�f.t. Each selected data-set is the top-most node oj a data tree.

cnch data tree has been removed, the remaining data trees in the

,f., bn.e are relinked to close the gap at the topmost level created by

',~ removal

ASSICN TREE ENTRY/CQ/ <component name>/C <component number> Eg <data

tt.fnp> N/ERK <retrieval specifications>;

This operation performs, for each selected data set, a REMOVE TREE

i~erntion and then assigns an entirely new data tree containing the data

siflng for the request. In the data string all level 0 values must be

;r i~rd ~ta ether et the beginni~n of the data string. The 1eve1 of assign-

rent in the data string must never return to the first specified repeating

p Oup level, but descendents and their descendents can be assigned as

many values as desired,

INSERT TREK ENTRY/CO/<component names>/C <component number> Eg <data
BEFOREstring> <retrieval specifications>;

This operation uses the selected data sets as a guide, never changing

the contents of any selected data sets. The data string of new values is

unlimited except that only one data set can be inserted at the level of

the specified repeating group; the number of descendent data sets from the

new topmost parent data set is unlimited.

If the connector word is BEFORE, the new data tree is inserted before

each selected data set. If the connector word is AFTER, the new data tree

is inserted after each selected data set.
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...PREVIOUS 4tHERK ~retrieval specifications>;

PREVIOUS option is similar to the DITTO option encountered in the

!. «I request, except that it pertains to the data string. When this

,; <s used the previous data string is simply used in this particular

cheques t.

In order to make permanent the update actions executed, the updated

> base must be saved on a magnetic tape, by issuing the save data base

-,od.

REPORTER CONHAVDS

REPORTER;

This invokes the retrieval module which is overlay �,0!.

A report can only be generated if subsets of data have been retrieved

: rc;i the data base by use of the RETRIEVAL module. However, if the retrieved

,'..t,~ is to be used by the REPORTER module, all retrieval requests should con-

[ l1 « the word QUALIFY, ins tead of the word PRIVT. This causes the retrieved

o«tput to be structured for input to the RETRIEVAL module and assigns the

extracted data to a SCOPE scratch file.

FORiiAT;

This informs the module that a report format description is to follow.

The report format descriptions of interest to the typical user are:

a. Report T.tie for Report

b. Column Heading for report

c. Components to be included in the report

TITLE IS

<literal string>;
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<yiteral string>::- any alphanumeric string of display code

characters except the "," or the y /~<literal

s t ring> >

Ibis placed the literal string values on the first page of the report.

.'.:,~re left-justified.

1!!:ADIiVG IS
<literal string>;

]l>is places the literal string values beneath the title lines on

<erst page and at the top of each subsequent report page. Headings are

'.~:!. justified.

DETAIL IS <component name>

D C <component number>

<component nAme>,

C <component number>,
~ ~ ~

FBJ IS;

This indicates the end of the record format description.

GEiV E RATE;

This causes the report to be printed on the REPORT fi,le under the

record format description.

4. FILE ORGANIZATION OF THF. SYSTEM

Since the basic purpose of this system is to manage large and complex

Ries of data effectively, the problem of file organization is of paramount

ir.portance. The system's file organisation is critical in determining its

speed of response, use of storage, maintenance of structural relationships

among data, ability to manipulate data, and usefulness of output.
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U.mrs of information systems whose needs are predefinable rarely

�y terna with complex file structuring capabilities. Serial-access

; on tape or random access storage devices with dictionaries containing

;�,g known key words are adequate enough to meet the demands of such

.i ncial users.

However, most growing organizations are already handling their pre-

~[nab]e needs to their satisfaction and are anxious to give a more

. '.]y response to their nonpredefinable information needs, which usually

, .-i ginate from the higher management echelons .

The inverted file structure used as the basis for the file organisation

in this system is directed towards such ad hoc queries.

!,1 FILE STRUCTURE OF THE SYSTEM-

In the earlier days of file processing, a file was taken to be a

collection of records, each of which was assigned a unique address. These

unique addresses were collected into a set called the directory. In order

to locate a set of records, having some common key word, all the addresses

in the directory were used for bringing in the corresponding records for

examination to see if it contained the desired key word. This, of course,

constituted uneconomical file processing [Ii].

The inverted file structure was developed to increase file processing

efficiency, In this type of structure, the d re "tory contains a copy of its

key words and each of the key words is associated with the addresses of

all those records which contain that key word. Hence in order to find a set

of records containing a common key word, one has only to scan the directory,

and on finding the desired key word all the associated records are available.
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In this system, the inverted file structure is totally organized and

, .re  by component value and occurrences of each value. Any value of any

quent can be used as a key for retrieving information. All potential

~re grouped into blocked tables in a manner designed to minimize

;.,rage transfer requirements.

The definition tables define only the structure of the data base. After

' .;r values have been entered into the data base the data base now consists

the definition tables, the selection tables and the retrieval tables.

:-- tables are partitioned into blocks of 256 central memory words and these

;.irtitions are transferred from disk to central memory as required by the

.'.,2 DESCRIPTION 01' TABLES-

Tlre table organization is schematically illustrated in Figure 4.1.

A s«rrmarization of table contents and an explanation of the pointers is

appended to clarify the schematic representation.

The definition tables are:

1. CDEFINA AND CDEFINB TABLES � Each entry in these tables corresponds to

a component in the logical entry definition as declared by the user. Items

in the tables contain properties and attributes for each component and the

relationship among components as described by the user. The maximum number

Of coorponents allowed in a data base is 1023 and the nesting of repeating

groups is 63 below the level 0 components.

Hence in essence the CDEFINA table contains the logical entry structure

ordered by user definition, whereas the CDEFINB table contains the user-
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�-d component number and the type of value, associated with that

,>sent e

~ .LS TABLF. � Each entry in the CELS table corresponds to a component

,. t|~c logical entry definition. A maximum of 150 characters is allowed

user-defined component names. This table is not ordered as it is

, .:.;ed by a relative addrass pointer from CDEFINB. This relative add-

:s pointer is the system-assigned component number, which is used through-

the selection and retrieval tables, xather than the. user defined com-

;. ~.nt number.

The selection tables are�

CVALDIR TABLE � Each entry in the CVALDIK table corresponds to a single

't.ktion in the CVALUES table. For each element in the logical entry

',.Iinition for which data values have been entered, there are as many

r.'BLAIR entries as the number of CVALUES partitions created for that element.

i'i'".,LDTR entries need not be ordered, as the set of entries pertaining to a

.!DI,le item are linked. CVALDIR entries indicate the highest value in a

~ ~'ALUES par tit ion and, thus are used to point to the CVALUES par tition

-:~ere a data value may be found if it exists in the data base for the given

element, i.e,, it is a pointer to the associated block.

Thus CVALDIR is a page directory to values for each component having

a value in the data base; and is accessed by item CPVDIR of the CDEFXHE

table.

CVALUES TABLE � Each unique data value assigned to a given element is

represented by one and only one entry in the CVALUES table, Each CVALUES

Partition contains entries pertaining to only one element, Entries within
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,,titipn are ordered by low value first with respect to the total

- in table CNANE, but the set of partitions for any given element

~ not be ordered or consecutive in the CVALUES table. Only the first

,;iiaracters of each unique value are stored, and there is a pointer to

ru11 literal string in the GNAT table. If one were to attempt a

"zry search in such a table, the disc transfer time would be excessive,

' c the CVALDIR TABLE is used so that within one disc transfer the

,-repudiate block of value list can be located and consequently searched,

CENTS TABLE � Each value in the CVALUES is cross-indexed to the CENTS

t,']c where the occurrences of that value may be found. These occurrences

.>rc called "data sets." The first word of each list contains the count

occurrences. The list of set numbers is ordered from low to high. If

.,'ic value is unique, instead of pointing to the CENTS table, CVALUES points

rlircctly to the CFIND table. There is an item in the values list indicating

viicthcr or not any value has occurred only once,

CNAMK TABLE � A CNAME entry exists for each unique data value assigned

tc,m element. If the value was assigned to a specific element in more

than one data set, one and only one copy of the value is retained in the

C:lA.'K table, and it is pointed to by pointers in the appropriate CDATA

table entires. Entries in the CNAHE table are used In matching when unique-

ness is not assured by the corresponding CVALUES entry and are used in gen-

erating report output.

The retrieval tables are:

l. CFIND TABLE � CFIND Table is indexed by the CENTS TABLE. It resolves

any hierarchical retrieval problems and locates the entries in the data table.



contains an entry for each data set that exists in CDATA, If no

:; vere entered for a data set but other data sets exist at a deeper

!<ii level for the same family of data sets, then a dummy CFIÃD entry

,,; created for the null parent set. There are four items in CFIND that

,-. used to accomplish retrieval of hierarchical data �! a repeating

,p identifier  RGID!, �! a up pointer �! right-pointer and �! a

--:.>-pointer. They have the following functions: the RGID identifies

group with which each CFIMD entry  data set! is associated  the

I ', ntifier at level 0 in each logical entry is always zero!. The up- and

,!,i;u-pointers are relative pointers that contain positive values. The

itp-pointer contains the relative location of each data set's senior in

[!~e hierarchy tree  lower data set number!. Except at level zero, the

~ip-pointer always points up. At level zero, this points to the relative

location of the next logical entry. The right-pointer contains the rela-

tive location of the next data set-number at the same level  higher data

set number! . If there are no more data sets in the logical entry at the

same level, the right-pointer equals zero. The right-pointer links all

data sets at the same level across family boundaries. The down-pointer

points to the junior of each data set in the hierarchy tree  higher data

set number!. If a data set has a junior, it is guaranteed to be in the

next higher data set.

The last piece of information in CFIND is a pointer to the location

of the associated data set in CDATA. Hence, the CFIND table preserves

the vertical and horizontal hierarchical structures within a logical entry

and between logical entries.
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< tiyTA TABLE � Each CDATA entry serves as a directory to access actual

<nlues entered for specific elements in a single data set. Every

;< t in the data base that contains at least one data value has a

, i entry  accessed by item CPLOC of the corresponding CFIND entry for

<hta set!. If the data set is a dummy entry in the CFIND table,

, no CDATA entry exists snd item CPLOC 0. The CDATA TABLE contains a

" '<npnt number which is a direct index back to the dictionary . I t also

,t,~fns a pointer into the CNAMK table.

CDATA is constructed at load time in the order in which data arrives.

pi<ere is no hierarchical information in the logical entry, then there

,.' Only one data set in each entry. That data set is defined ae level 0.

; t has occurred.

',2  a! SUMNARIZATIOiV OF TABLE CONTENTS�

Logical entry structure declared by user definition.

String of display code characters comprising the

user defined component name.

User-defined component number and type of value
I

associated with the component.

Directory table to values for each component.

Unique values of components in an ordered and paged

fashion, containing truncated or binary value.

Display code string containing full display value;

only one unique value for each component. The table

is unordered.

CDEFINA TABLE

2. CELS TABLE

3. CDKFINB TABLE

4, CVALDIR TABLE

5, CVALUES TABLE

6. CiMPIE TABLE

,'; it:ita set in CDATA is created for every occurrence of repeating group

I f ll motion at one leve 1 . A data set may be thought of as entry with in

..i entry. There is an item in CDATA that indicates when the end of a data
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the same value for a component. The table is

unor dered.

� Hierarchical structure of data sets and logical

entries in the data base, The table is unordered.

� Grouped by data sets and containing pointers to

the component number and the value associated with

CFlnD TABLE

 ;l!ATA TABLE

 b! EXPLANATIOiV OF POINTERS

- Pointer to the header word of the CELS table entry

which contains the component name for this compon"nt.

� Pointer to the CDEFIVA and CDEFIiVB table entries

associated with this component name.

CP:6MA

CPEL

- Pointer to the first CVALDIR entry for an element.

- Pointer to the next CVAI.DIR entry for the same element.

Cr Vera

CVNEXT

� Pointer to the first word of the relevant CVALUESCV LOG

partition.

- Pointer to the first word of the CVANE table entry

which contains the entire value string in display

code associated with this representation in the

CVALUES entry.

- Pointer to the first word of the CENTS table if

this value occurred more than once for this element;

otherwise this is a pointer to the single CFIiVD table

entry in which data set this value occurred.

CPNAJKB

CP FINDA

C~iIS TABLE - Pointers to the dif ferent data sets containing
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� Pointer to the last item in the entire CENTS entry

f or th is unique de ta value.

� Pointer linking all blocks pertaining to multiple

occurrences of the same unique data value.

� Pointer to the CFIND table entry in which data set

this value occurred.

� Pointer to the CFIVD entry for the data set at level

n-1 with which this level n data set is associated

as a repeating group.

- Pointer to tbe next data set on the horizontal

chain of data sets at level n, which have the same

parent data set at level n-l.

� Pointer to the CFIND entry for the data set at level

n+1 associated with this level n data set.

� Pointer to the beginning of the CDATA table entry

for this CFIND entry if any data values have been

entered for this data set.

- Pointer to the relevant CNANE table entry which in

turn contains the actual data value associated with

this element.

- Pointer to the CDEFINA and CDKFINB table entry for

the element in this data set.

� Pointer which links a sequence af blocks that comprise

one CDATA entry.

CV1AST

CLINK

I';1'IVDL

CPRIGHT

CP DOliN

CP LOG

15. CPVAL

l6. CP VAR

17, CHOOK

4.3 ANALYSIS OF FILE STRUCTURE-

As the data base is comprised of various tables, with each table being
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,c�]]> partitioned into blocks of 256 central memory words, the size

. th ~ data base does not necessarily determine the speed of response to a

since only a very small portion of the data base needs to be examined

., C~der to determine the entries which qualify for retrieval.

The important factors in determining response time aret

1, Number of Boolean expressions in the WHERE clause

2. Number of unique values occurring per component in each Boolean

, -.cssion involved in the WHERE clause.

3. Number of occurrences of the desired value in each Boolean

;ression, i.e., number of occurrences of the desir'ed value in the various

I,;s sets.

In order to achieve this retrieval speed certain concessions have to

eranted. The inverted file structure employed requires three times

-,re storage space than that required by the original data, if all com-

ponents in the data base are level 0 elements. Hence, in order to minimize

:torage requirements the concept of structuring data in a hierarchical

structure must be employed.

The advantages of employing a hierarchical structure ares

1. Hierarchical structure is used to force physical proximity of

the various child segments related to the parent segment.

2. A hierarchical structure is used to 'eliminate the storage of redundant

data fields associated with the child structures, i.e., if these are a

group of children records all with the same component value, the component

value is relegated to the parent repeating group.

However, the use of hierarchical data structures at best allows the

data base to occupy the same storage as the original data. But this is

not s limiting factor as storage is becoming inexpensive, whereas
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fce people want to expend in order to get information is becoming

and more important.

Another important consideration of this file structure is its extreme

,itivity to ordering. Host of the tables which comprised the data

;- were ordered by component value or set number depending on the infor-

m ion they contained. Hence, dynamic updating of the data base becomes a

~icult problem. In the case, where only small changes are expected,

~ s;-all amount of space allocated in the selection and retrieval tables,

'; [he use of the nulls and padding feature, provides for rapid updating.

; ",ever, if the changes are massive, dynamic updating in this system cannot

:" performed very rapidly. In fact massive doses of updating would be

tter carried out in the background mode  batch mode! rather than in the

rrrround or interactive mode.

Although this particular file organization requires more disk storage

~:isa other file organizations, it is particularly suited for rapid retrieval

~f information for ad hoc queries.

5. AN FXAMPLE OF DATA SASK CRZATION AND USAGE

In an attempt to illustrate the potential of the new MARS VI system,

tjie imp1ementation of a fisheries information system for the analysis of.

catch and effort data, will now be given.

>.1 DATA COLLKCTIOV � The Washington State Department of Fisheries has been

collecting catch and effort information regarding 40 odd species of ground-

fish off the coast of Washington State, British Columbia and Alaska, since

1~53. There are approximately l50,000 records of data collected in the

<pan 1953-1970. Each of these records is an 80 character card image which



Record Structure of Washin ton State Groundfish Data

Columns

Last two digits of current year.

�-6!,' ~ th/Date Number of month �-12! and date of
month of landing i.e. when the interview
is taken.

Col. 1: Primary area i,e. Seattle
and Bellingham, which represent two port
clusters.

Col. 8-10: Secondary area i.e. port of
landing within the port cluster.

Col. 11-12: Total number of days from
time vessel leaves home porC to day of
reCurn.

[buoys Out/Fished �1-14!

Col. 13-14: Total number of days
fished.

Poa t/Class �5-16! Col. 15-17: Vessel code number,

Col. 18: Vessel class number.

�9-21! Col. 19-20: Blank: these columns are
not presently being used.

Fishing Aids

Col. 21: Vessel fishing aid code for
horsepower.

�2-24!Species Code number used to designate a par-
Cicular species.

�5-30! Pacific Marine Fisheries Commission
� Col. �5-26!.

Area

Washington statistical areas
- Col. �7-28! .

Ground areas
- Col. �9-30! .

TABLK 5.1

-, h<en coded onto magnetic tapes in binary coded decimal  BCD! on scope

;,- �t with a densi ty o f 555 characters per inch  cpi! . The various f ields

tpformation existing in a record are illustrated in Table 5.1 [133.
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�1-33!< I labours

�4!

Number of drags in each area.

Col. 37-30: Minimum depth f ished in
each area ~

Col. 40-42: Maximum depth fished in
each area.

Col. 43-45: Average depth fished in
each area.

�6-59! Col. 46-52: Total catch of all species
at a particular depth.

t t.ch

�0! Percentage of species in total catch.

�1-63! Price of species in cents per lb.

�6-67! Net type code number.

,"<-cntage

,':! ce

t Type

�8-69! Mesh size to nearest tenth inch without
decimal place.

�0-71! Limit restriction on species.l.t'ai ts

�2-73! Actual hours spent on the grounds, running
with fish finding gear operating, to the
nearest hour.

:". «hach i ours

�4-80! Hot presently being used.

' ',:; nts - In essence each record contains the estimated catch in lbs. with
"'It.'rcnce to a particular area, a particular species, a particular depth,
'a<t a particular date. It should be noted that the date for a particular
ti<p is the date of landing and is hence common to all records created for
t,'tat trip,

TABLE 5.1  Contd!

�5-36!

�7-45!

The total number of hours  to the
nearest tenth! fished in each area and
at a particular depth.

Code number which best defines fishing
efficiency e.g. effective fishing with
adequate catch per effort is designated
the code number l.

Col. 53-59: Estimated catch by spccics
for a particular depth.
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g<e data records are divided into year files and within each year

the data is sorted in the ascending order according to the following

, zt order,

Date of interview

2. Boat number

3. Washington State area

4. Depth of fishing

The aggregat ed data, then, appears in -this tructure.

 area � depth! 81 species
species 2

 area � depth! f2Landing l species 1
species 2

 area � depth! t3 species 1
species 2

 area � depth! 81 species 1
species 2

 area � depth! P2 species 1
species 2

Landing 2

 area � depth! f3 species 1
species 2

 area � depth! l4 species 1
species 2

DtlTA STRUCTURE � In the groundfish interview data one card image

represents "a series of drags by a particular boat, for a particular trip,

<azzhing any one species at any one depth in any one area." "Depth" is

~ppzoximately by ten-fathom intervals.



Landing-specific information includes date of landing, i.e., date

jn erview is conducted, port of landing, boat number, boat class ~ fish-

acids  horsepower of boat!, days fished and days at sea.

Area-depth specific information includes area, depth, hours fished,

---!iver of drags, total catch and hours searched.

Species-specific information includes species code, species catch, per-

level of species within total catch, price per pound> net type, mesh

ger.e and limits.

In essence each record contains the estimated catch in pounds with

~,.fcrence to a particular area, a aprticular species, a particular depth,

,ioil a particular trip  identified by date of landing!.

i,3 CREATION OF DATA BASE � Having understood the mode of collection of

2;~to as well as the record structure of records in the data file, one

can now proceed to define the structure of the data base. In order to

illustrate the new 1fARS VI system, two structures for the data base will

be given. The definition structure for the first data base will be con-

stituted of linearly structured entries, whereas the definition structure

for the second data base will be constituted of hierarchically structured

entries .

The DEFINE section for Data Base I should be: [Appendix Gj.

DEFINE!

NEW DATA BASE DATA BASE l;

1! DATE OF LANDING  INTFGER NUMBER!

4! PORT OF LANDING  INTEGER NUMBER!

6! TOTAL DATA SPENT ON TRIP  INTEGER NUMBER!

7! DAYS SPENT FISHING  INTEGER NUMBER!
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;! g!AT NgiBER  INTEGER NUMBER!

>! 80AT CLASS  INTEGER NUMBER!

i i! WASHINGTON STATISTICAL AREA  INTEGER NUMBER!

'!! TOTAL HOURS FISHED  IVTEGER NUMBER!

l! 'AU.'SER OF DRAGS  INTEGER NUMBERS

i! AVERAGE DEPTH OF FISHING  INTEGER.NUMBER!

!! TOTAL CATCH OF ALL SPKCXES  INTEGER NUMBERS!

i >! SPECIES CODE  INTEGER NUMBER!

>'! TOTAL CATCH OF MAJOR SPECIES  INTEGER NUMBER!

,", P ~

The linear structure formed by the above definition of the data base

is illustrated in TABLE 5.2.

The actual loading of the data base according to the definition struc-

ture constructed above in order to create a valued data base, is accomplished

by executing the following command statements:
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Date of I.anding

Port of Landini

Total Days Spent on Trip

Days Spent Fishing

Boat Number

Catch Information

Boat Class

Mash. Statistical Area

Total Hours Fished

No. of Drags

Ave. Depth of Fishing

Total Catch of all Species

Species Code

Total Catch of Major Species
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LOADER;

DATA FILE IS GFISH;

DIRECT FILE INPUT;

!! FROM COL 1 TO COL 6

,'! IN COL 7

~! COL 11-COL 12

<! 15-17

l! IN COL 18

13! FROM COL 27 THRU COL 28

l5! 31 THRU 33

i2! COL 35 THRU COL 36

20! 43-45

21! COL 46-COL S2

1l! COL 22-COL 24

22! FROM COL 53 to COL 59;

ISSUE REPORT WHEN ALL LEGALITY CHECKED;

SCAV;

The DEFINE section for Data Base II should be: [Appendix G];

DEFINE;

NEW DATA BASE DATA BASE II;

1! DATE OF LAVDING  IVi TKGER NUMBER!

- 4! PORT OF LVlDING  IiVTEGER NUMBER!

6! TOTAL DAYS SPENT ON TRIP   IViTEGER NUMBER!

7! DAYS SPENT FISHING  INTEGER NUMMR!

8! BOAT VUMBER  INTEGER NUMBER!

9! BOAT CLASS  INTEGER NUMBER!



;.,';,SHINGTOVa STATISTICAL AREA  INTEGKR NEER!

TOTAL HOURS FISHED  IViTEGER NUMBER!

!,",1<[DER OF DRAGS  INTEGER NUMBER!

! pVERAGE DEPTH OF FISHING  INTEGER NUMBER!

TOTAL CATCH OF ALL SPECIES   INTEGER NUMBER!

! CATCH INFORMATION  REPEATING GROUP!

'!! SPECIES CODE  INTEGER NUMBER IN 30!

::! TOTAL CATCH OF MAJOR SPECIES  INTEGER NUMBER IN 30!

The hierarchical structure formed by the above definition of the data

tase is illustrated in Table 5.3,

Once the data structure of the data base has been defined one proceeds

� actually Loading the data values into the data base in order to create

a valued data base. This is accomplished below:

LOADER;

DATA FILE IS GFISH;

DIRECT FILE IiVPUT;

KEY COMMON FIELDS FOR THIS LOGICAL ENTRY ARE Cl, C8g C13i C20g

i! FROM COL l TO COL 6

4! IN COL 7

6! COL ll-COL 12

j! COL 13 THRU COL 14

8! 7,5-17

9! IN COL 18

>3! ROM COL 27 THRU COL 28

I5! 31 THRV 33
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Species Code

Total Catch o

Na!or Species

Date of Landing

Port of Landing

Total Days Spent on Trip

ays Spent Fishing

oat NUmber

etch Information

oat Class

ash. Statistical Area

otal Hours Fished

No. of Drags

Ave. Depth of Fishing

Total Catch of all Species
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CpL 35 THRU COL 36

43-45

cpL 46-COL 52

'!! CPL 22-COL 24

:;! FRPN COL 53 TO COL 59,

: ."VF, REPORT WHEil ALL LKGALZTT CHECKED,

The key common fields are used to inform the system as to which

fields are to be compared in order to identify records belonging to the

~~~a logical entry. Zn the case of this particular data structure,

Cl Da te o f landing

C8 Boat number

C13 = Washington Statistical Area

C2G Average depth of fishing, are to be compared to achieve hierar-

chical association.

5,4 USAGE OF DATA BASE � Potential users of the groundfish data base could

be fisheries biologist, as well as management personnel from state agencies

responsible for regulating and imposing effective controls on the ground-

fish industry.

The functions of retrieving subsets of data from the data base, con-

ducting statistical analyses on the retrieved data, updating the data base,

as well as generating reports would be available to potential users of

the system,  Appendix g.

Retrieval requests which might be of interest to users of Data Base I

and Data Base XX are listed below with suitable comments to enhance the



!.arity of the requests:

PRINT Cl! C4 ~ CB! C9! C13! Cll! C22 WHERE Cl LT 54010j;

The output collection contains the date of landing, port of landing,

;.,!t number, boat class, Washington Statistical Area, species code and the

;�tel catch of major species for all data of landings which were reported

for the year 1953.

PRINT BOAT NUMBER! BOAT CLASS WHERE DATE OF LANDING EXISTS!

The output collection would contain all the boat numbers and their

goy'responding boat classes which reported even a single landing.

PRINT SUM C22, Cll WHERE C13 EQ 02 AVD BOAT CLASS Eg 6;

The output colle"tion would contain the sum of all major species and

th ir species code for all species caught in Washington statistical area 02

by boats belonging to class 6.

PRINT ENTRY WHERE C9 GT 2 OR C13 LE 80 AND SPECIES CODE Eg 254;

The output collection would be a list of all data set s! in the

data base which have boat class greater than 2 or Washington Statistical

area less than or equal to 80 and species code equal to 254.

For the hierarchically structured Data Base II it is further possible

to issue the following request, '

PRINT Cl, Cll, C22 WHERE CATCH INFORMATION HAS SPECIES CODE Eg 251

OR TOTAL CATCH OF MAJOR SPECIES LT 30000;

The output list would contain the data of landing, species code and

total catch of major species for all data set s! which satisfy the boolean

expression in the WHERE clause. The interesting feature of this request

is that if a certain data set in a particular repeating group family quali-

fies for retrieval, then all data sets belonging to that repeating group

family also qualify for retrieval.
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Other retrieval requests which conform to the syntactical structure

.. <fied in t}ie description of the retrieval commands may be specified

-; rhe user. Diagnostic messages will occur if the syntactical structure

incorrect or i f the WHERE clause is not satis f ied [ 17 I .

If the user desires to manipulate data values in the data base involv-

t~r logical entries, portions of logical entries, data sets or isolated

,,I>ca items, the update requests permit him this capability.

Some possible update request for Data Base I and Data Base XI are

1},s ted below:

ADD BOAT CLASS EQ 3 !! END WHERE BOAT NUMBER EQ 126;

The boat number 126 is assigned boat class 3 if that parti.cular data

item  i.e. boat class! does not already have a value. If it has a value,

ao action is taken.

CHANGE C4 KQ 1 !! END WHERE Cl EQ 530506 and CS EQ 199;

The port of landing is assigned the value 1 for the selected data set

 s! if that data item already has a particular value. If the data item

does not have a value, no action is taken.

REMOVE ENTRY WHERE C8 EQ 99 AND C13 EQ 10;

The entire level 0 data set s! which satisfy the boolean expression

are removed from the data base.

ASSIGN C13 EQ 02 !! END WHERE C8 EQ 260;

All selected data sets are altered, whether the particular data item

i.e. Washington Statistical Area has a value or not. Hence this command

is unlike the ADD and CHANGE operations which are conditional.

The update requests below may be issued only for Data Base II-'

ASSIGN CATCH INFORNATION EQ 11
54 22
5000!! END WHERE Cll EQ 254;
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As the request specifies catch information which is a repeating

,~»p each selected data set is entirely empyied of all values and filledI

�;tlrely with the values specified in this update request.

REMOVE TREE ENTRY 't8iERE C9 KQ 9;

This would ramose ail ~lo ical entries which satisfy the boolean

;ypression. In this sense, tree operations affect more than one level

i f data sets, i.e., they are multi-level operations.

ASSIGN TREE CATCH INFORMATION EQ ll
51 22	5000 !! END MHERE Cl LE

539501;

For each selected data set, a REMOVE TREE operation is performed

;.id then an entirely new data tree containing the data string specified

f» the request is inserted 1n its place.

INSERT TRFE ENTRY EQ 1! 530413 4! 2 6! 10 7�6 8! 151 9! 1

13! 08 15! 010 17! 25 20! 080 21! 55000 11! 256 22! 40000 ! ! END

af:FORE CL EQ 530416;

The user specified logical entry is inserted in the data base before

the logical entry  s! with date of landing 16th April 1953. The AFTER

clause may be used instead of the BEFORE clause depending on where the

insertion of the new Logical entry is desired.

In case new logical entries are to be appended to the end of an

already existing data base it is more efficient and economical to use the

LOADER module. As an example, consider that catch and effort' data for 1954

is to be integrated with the 1953 data base ln order to develop a compre-

hensive data base. In order to develop a comprehensive data base which is

linearly structured, the procedure outlined below is required:

LOAD DATA BASE FROM L1953;



LOADER;

DATA FILE IS DFISH;

DIRECT FILE INPUT;

1! FROH COL 1 TO COL 6

4! IN COL 7

6! COL ll-COL 12

2! COL 13 THRU COL l4

8! 15-17

9! IN COL 18

j3! FROM COL 27 THRU COL 28

l5! 31 THRU 33

17! COL 35 THRU COL 36

2O! 43-45

21! COL 46-COL 52

11! COI, 22-Cor. 24

22! PRO'8 COL 53 TO COL 59;

ISSUE REPORT WHEN ALI. LEGALITY CHECKED;

SCAN !

SAVE DATA BASE ON L5354;

EXIT;

It was assumed that the 1953 linearly structured groundfish data base

i.e. Data Base I was available on filename L1953; whereas the 1954 ground-

fish catch and effozt, data is available on filename DFISH.

The comprehensive linearly structured data base for 1953 and 1954

gz'oundfish data is now saved on a magnetic tape, identified by its file-

name, L5354.
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For the purpose of creating a comprehensive hierarchically structured

,,gs base, it is assumed that the 1953 hierarchically structured groundfish

, -,ts base is available on filename H1953, whereas the 1954 groundfieh catch

,;<[ effort data is available on filename DFISN.

The procedure outlined below is required to achieve the desired

o', jective:

LOAD DATA BASE FROM H1953;

LOADER

DATA FILE IS DFISH;

DIRECT FILE INPUT;

;; Y COMMON FIELDS FOR THIS LOGICAL ENTRY ARE Cl, C8, CI3~ C20;

1! FROM COL 1 to COL 6

 >! IN COL 7

6! COL ll-COL 12

7! COL 13 THRU COL 14

8! 15-17

9! IN COL 18

13! FROM COL 27 THRU COL 28

15! 31 THRU 33

17! COL 35 THRU COL 36

20! 43-45

21! COL 46-COL 52

[1! COL 22-COL 24

22! FROM COL 53 TO COL 59;

ISSUE REPORT WHEN ALL LEGALITY' CHECKED;

SCAN;
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;E DATA BASE ON H5354!

.!:i IT >

The comprehensive data base for the 1953-1954 groundfish catch and
]�fpr@ation data would now be available on filename H5354. It is mandatory
;i»t the filename be a magnetic tape, otherwise the data base will not be

~avid.

In order to generate reports of the retrieved subsets of data, the
fp]ipwing procedure should be applied for data retrieved from either Data

base I or Data Base II:

Rr'. TRIEVAL;

qUALIFY Cl, C9, C13, C21 WHERE Cl EXISTS;

 DALIFY C8, C9 MiERE Cl EXISTS;

R'KPORTER;

FORi]AT'

LINES PER PAGE 55;

TIT].E IS GROUNDFISH 1953 CATCH REPORT;

HEADIViG IS DATA OF LANDING, BOAT CLASS! WASHINGTON STATISTICAL AREA, TOTAL

CATCH OF ALL SPECIES;

DETAIL IS Cl, C9, C13, CZl;

FNIS;

FORMAT',

LINES PER PAGE ~ 40;

TITLE IS GROUNDFISH 1953 BOAT INFORMATION:

]lEADING IS BOAT NUMBER! BOAT CLASS;

DETAIL IS C8, C9;

SP 13 IN Dl;

FINIS ~
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,,.;;!.RATE;

Statistical analyses of the retrieved subsets of data from Data

;��se I and Data Base II may be performed either in the same session, or

;aved on a magnetic tape for input to a statistical package or program at

a later time. However, the same r etrieval request is required in either

caae.

 'UGLIFY ON FILE SRKTV Cl ~ C13~ C21 f C22 f Cl 1 WHERE Cl 1 KQ 251 !

This would retrieve all data set s! which satisfy the boolean expression

and the output collection would be available on filename SRZTV, which may

be either a disk scratch file or a magnetic tape. The format specifica-

tions for the output collection would be in accordance with the format

specified by the user's input data file.

6 ~ CONCLU S IOHS

6.l CONCLUSIONS OF THE RESEARCH

In order to compare the performance of the new MARS VI system with

the old MARS VI system, two data bases were created using both systems.

Both the data bases used 2101 records from the 1953 groundfish catch

and information data. Data Base I was linearly structured and hence was

composed of 2101 logical entries, each logical entry having 13 different

attributes. Data Base II was hierarchically structured and

this hierarchical structuring, was composed of 648 logical entries having

15 different attributes.

The cost of creating the two data bases in the old and the new MARS VI

system is summarized in Table 6.1.

The cost of creating a data base using the new MARS VI system can be
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further reduced by decreasing the field length requirements ~ Presently

~he new MARS VI system requires a field length of 75000  octal! central

pcmpry words whereas the old MARS VI system requires a field length of

60000  octal! central memory words. This increase in the field length

pf the new EARS VI system came about as a result of the new programs

iJdcd to enhance the old system. However by causing these new programs to

bp treated as a separate secondary overlay, the field length may be reduced

back to 60K  octal! central memory words.

It is expected that the reduction in the field length requirements

pf the new MARS VI system will cut the costs indicated in Table 6.1 as

the job cost formula is,

C. ~ P * [CP. + FL.  PP + 4 * IQ !]
i i i i i

where

P gob priority �-4!

th
C = the cost of the i step

i

th
CP the central processer time used in the i step

i

thFL = fraction of the central memory used in the i step
i

�00,000 octal lOOX of central memory!

th
PP peripheral processor time used during the i step

i

IO ~ disk channel time used during the i step.
th

i

The actual X reductions expected because of the field length reduc-

tian from 75K  octal! to 60K  octal! will bel

Data Base I�

R reduction in cost ~ l.2.075

Data Base II-

X reduction in cost 12.183



70

This research effort has successfully achieved the following objec-

tives:

 a! The severe input data restrictions which caused enormous

problems to create the data base have been removed. The user of the

,<. MARS Vl system does not have to concern himself with the peculiar

 cput required by the old MARS VI system, but merely describes the

entries of his file in the new syntax of the LOADER module. The new

syntax is easy to understand. Consequently the creation of a data base

fs simplified.

 b! The introduction of the QUALIFY command in the RETRIEVAL module

of the new MARS VI system has given the user a powerful tool to conduct

complex analyses of his retrieved data, a feature which was not available

in the old MARS VI system.

This feature is significant, as only a few of the current generalized

data management systems offer this capability  ij.

An area which could not be considered in this research was the quanti-

tative analysis of retrieval and update efficiency.

The reason for this was the unavailability of interactive facilities on

the CDC 6400 system. This made it impossible to determine on-line time

response which could have served as a useful measure of retrieval and up-

date efficiency.

In order to successfully achieve the research objectives, major

changes were necessary to the CONTROL module and the LOADER module, while

minor modifications were required in the RETRIEVAL module.

In making these changes it was strongly felt that even with the

modu3,arity architecture employed in the MARS VI system, it is a difficult
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~zonk to incorporate new features. However, as has been demonstrated by

 gfs research effort, the original system can be enhanced to provide

<rester flexibility and ease of usage.

RECO>PIENDATIONS FOR FURTHER RESKARCH-

9uring the past decade there has been a significant amount of research

devoted to the design and construction of natural language question-

~nswering systems. Simmons' article [26] provides an excellent survey of

cwork in that field. Paralleling the development of natural language

question-answering systems has been the development of generalized data

management systems.

Unfortunately there has been distinct differences in the scope and

orientation of the activities in question-answering and data base manage-

ment systems. Researchers in the question-answering area have stressed

the development techniques to interpret the meaning of questions posed in

Fnglish. Their main concern has been on translating natural language

questions into a form that can be answered by direct retrieval from a file,

and small-scale experimental computer models have been built to test these

techniques. In a striking contrast, work on data management systems has

been aimed at early operational use and has emphasized techniques for

efficiently storing and rapidly accessing large quantities of formatted

data, while relying on a relatively simple artificial query language for

data retrieval purposes.

An interesting system could evolve, if these two developing technolo-.

gies could be suitable combined to achieve a capability of interrogating

large formatted data bases in a subset of English with reasonable on-line

response times.
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Kellog, in his article �2] presents some evidence for the thesis

for some kinds of structured data bases, an English subset may be

<sefully realizable within the not-too-distant future.

The approach which has been suggested is the formal specification of

z query language, a similar specif Ication of the grammar for an English

subset, and the description of a semantic interpretation procedure that

allows questions ta be translated into queries that will fetch or compute

relevant facts.

Hence, In order to design a system where users may converse with

large computer data files in an interactive mode using subsets of ordinary

English, one would require the following basic units in the system.

l. A question-processing sub-system to translate English questions

into query-language form

2, A generalized data management system like the MARS VZ system

which would serve as the answering subsystem.

Systems which link together the convenience of phrasing questions in

English with the data storage and retrieval system appear to be the develop-

ing trend in this area.

A meaningful continuation of this research would be the development

of the system proposed above. However, in order to widen the class of

translatable questions it is suggested that a significant attempt be

made to extend the expressiveness of the query language.

Research directed towards this goal would certainly lead to improved

man-machine communication and make it possible for a computer system not

only to allow economical representation of and rapid access to facts stored

in the system but also assist in the logical analysis of the facts stored

within the system.
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