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THE MOORE SCHOOL EXTENDED DATA MANAGEMENT FACILITY (EDMF)

SECTION 1

INTRODUCTION

1-1 GENERAL

The purpose of the Moore School Extended Data Management Feacility
(EDMF) is to make available to the community of users the full power of
the recent software systems which have been developed, and to allow users
from different disciplines to share these systems resources and data
in a common storage. This large scale integration of software makes
possible general purpose information storage, retrieval, and dissemination
capabilities.

The facility is comprised of a hardware computer complex using the
RCA SPECTRA 70/46G computer and various peripheral equipment as shown in
Figure 1-1. 1In addition to time-sharing, multiprograming, multi-access,
real-time, and on-line capabilities, this facility includes & hierarchy
of memory devices suitable for storing various types of information.
These devices include a magnetic drum, magnetic tapes, and a high capacity
magnetic disc storage facility. Utilizing the hardware facilities and
the software capabilities associated with the RCA SPECTRA 70/46, an
integrated system known as the Extended Data Management Facility (EDMF)
has been implemented, comprised of such components as on-line file
creation, record storage, and information retrieval. This EDMF provides
the user with general purpose information storage and retrieval, programming,
and file management capabilities. Capabilities are listed under four
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basic categories; Input/Output Record Specification, file management,
data management, and interactive problem-solving facilities.

The EDMF software organization is pictured in Figure l-Z2.
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1-2 INPUT/OUTPUT RECORD SPECIFICATION

Any facility with information storage and retrieval capability
is concerned with records. Intuitively, a record is any collection of
information which is to be handled logically as a unit. In normal
use a record is far from being an amorphous collection of data. Instead,
a record usually has some internal structure, which is important in
processing the information contained therein. Above the record in the
data-structure hierarchy is the file. Thus, a file is a collection of
records. As with the record, the file has an internal structure, called
a file structure. Records within a particular file are usually considered
to contain information on the same general subject and often have identical
or similar record structure (e.g., an Inventory file). For the purpose
of discussion, a record can be thought of as a set of ordered pairs (fields),

in the form (an attribute, its value). A record may be uniquely determined

by its fields (attribute-value pairs), assuming there are no duplicate

records in the system. Any of these fields may be used for the retrieval

of records, although it is recommended that only the shorter ones be so used.
Before records can be retrieved for processing, they must first

be introduced into the system. Record specifications are needed to intro-

duce raw material into the system as records, these specifications enabling

the user to describe the input material in terms listed in Table 1-1.

Once the raw material is completely specified, it may be entered into the

system. The language processor will then extract data from the raw

material, transform it into fields with attributes and values, pack the



TABLE 1-| RECORD SPECIFICATIONS.

CATEGORY DESCRIPTION
Physical Describes the length, type, and code convention
Characteristics of each datum and the layocut of the input data.

Field Agsigns date to the attributes and their

Composition values.

Record Format Defines the relationship among the given
fields.

File Structure Defines the relationship among the given records.
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fields into records according to format, and arrange the records into

a file within the prescribed logical structure. The same specification

can be used to specify & new output record forwat for records already

in the system. In this case, retrieved records will be transformed into

the new output format from the original by the EDMF.
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1-3 FILE MANAGEMENT

The EDMF provides flexible use of different file structures,
fully automatic creation and deletion of files, and privacy protection
of a file to an extent determined by the owner of the file.

As mentioned in paragraph 1-2, some of the shorter fields (attribute-
value pairs) can be used for retrieval of records. These fields are
called keywords. However, it is not enough merely to identify records
by keywords to obtain efficient retrieval. Additional information must
be provided so that records with common keywords may be readily retrieved.
For example, if all records with the keyword (author, Smith) are connected,
then these records can be retrieved through the connection.

The EDMF provides the user with the choice of any one of the nornsl
indexed sequential, Multilist, or inverted file structures, and, in
addition, allows the user to specify other basic file structures at will.
Using a generalized file structure, the system can provide the user great
flexibility in file generation and organization. For example, a user
may experiment with various types of structures to determine which yields
faster access for specific data records. Furthermore, users who have
had files processed by other information retrieval systems may already
know the type of file structure best suited to their particular problems.
The preferred type of file structure, then, would be specified when using
the systemn.

The file management capability of fully automatic creation and
deletion of files precludes the user having to be aware of the devices
on which the files reside. Within the system, mechanisms are available
which enable a file owner to directly incorporate additioral means of Iile

protection.
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1-4 DATA MANAGEMENT
The EDMF provides all the data management facilities ordinarily
associated with e time sharing system, and also provides the following
additional capabilities:
(1) Automatic storage of records into a file according to their
commen file structure.
(2) Retrieval of records by Boolean and arithmetic expressions
of multiple keywords.
(3) Effective retrieval strategy for use in a multiple access
and time-~sharing environuent.
(4) A query language for specifying the multiple keyword retrieval
which can be used either through terminals interactively or

users' programs directly.
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1-5 INTERACTIVE PROBLEM SOLVING

The EDMF provides a simple but powerful interactive language
schema. This language schema enables the user to define new problem
solving procedures and to make use of previously defined procedures.
Each statement of the language schema enables the user to bring in a
program by name (written in any language available in the system, e.g.,
COBOL, FORTRAN, and ASSEMBLY) from his file for execution, and to provide
the running program with parameters and records. The parameters may
actually be included in the language schema, with the records belonging
to some file. The user is merely required to specify the set of records
with a Boolean and arithmetic expression of keywords, and to include the
expression in the language schema. The language schewms processor will
then retrieve these records by the expression, then pass these records
one at a time to the running program whose name is in the same language
schema. Using this convention, the user may attempt to solve problems
with stored programs and data without having to use the operating system
Jjob control language for calling, loading, and executing a program, and

for retrieving data for the program.
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1-6 SYNOPSIS OF SYSTEMS CAPABILITIES

The EDMF simplifies for the user the problem of designating
those records which the user wishes to use or process. The user does
not need to know the actual addresses of the desired records; it is
necessary only to specify in a logical expression the characteristic
contents of the records. The EDMF then assumes the responsibility of
determining the actual record addresses and uses these addresses to
retrieve the records. The heart of the system is the implementation of the
generalized file structure and its general retrieval algorithm. The
generalized file structure enables the user to choose among many file
structures, including the inverted file, multilist file, and indexed
sequential file to organize the records. A single set of access routines
work with all the above file structures, and all other definable file
structures.

The EDMF date management functions are summarized in Teble 1-2.



FUNCTION

PURPOSE

INPUT PARAMETERS

OPEN

Sets up system control information
for file processing, supervises file
level access control, sets up field
level access control, establishes
file use priority.

Name of file to be used
in processing.

Type of processing to be
done on file.

Logical expression of key-
words describing portion
of file to be opened (no
records outside this
portion may be processed).

REMARKS

See Chapter 6

CLOSE

Releases system countrol information
for file processing, releases file
use priority which was established
with OPEN.

Name of file to be logically
disconnected from pro-
cessing.

Logical expression of key-
words describing portion
of file to be closed.

See Chapter 7

CONTINUE

Reactivates a retrieval request from
where it left off.

Tabel of previous RETRIEVE
function.

Number of records to be
retrieved.

See Chapter 9

STORE

Places records in system files,
verifies that input records satis-
fy record template.

Name of file to be stored
into.

See Chapter 10

TABLE -2 DATA MANAGEMENT FUNCTIONS.
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INPUT PARAMETERS

Name of file to be
processed.

Record number iden-
tifying record to
be modified.

REMARKS

See Chapter 11

Name of file to be used
in search.

Logical expression of key-
words describing records
to be retrieved.

Number of records to be
retrieved, either a fixed
number or an indication
that all records satis-
fying the description
are to be retrieved.

Output specification - may
specify user terminal,
system printer, core image
records, or a count of
the records satisfying
the description.

Label which may be used in
& CONTINUE request to
refer to the retrieval.

See Chapter 8

FﬂJNCTION PURPOSE
UPDATE Modifies an existing record in
4 a file_

RETRIEVE
=== |(Obtains specified records from
designated file.
DELmETE Deletes existing records from

a file.

Name of file to be pro-~
cessed.

Record number of record

See Chapter 12

to be deleted.

TABLE I1-2 EDMF DATA MANAGEMENT FUNCTIONS (CONT'D)

€1I-1



FUNCTION

PURPOSE

INPUT PARAMETERS

REMARKS

ADDFILE

Creates a new EDMF file. Defines
record organization and file
structure.

Name of file to be
created.

File structure - e.g.
Multilist, inverted
file

Attribute characteris-
tics - e.g. attribute
length, type of value,
etc.

——m——
See Chapter 13

DELFILE

Deletes an existing file from
EDMF .

Name of file to be
deleted.

See Chapter 1k

TABLE |-2 EDMF DATA MANAGEMENT FUNCTIONS (CONT'D.)

HT-T



SECTION 2

RECORD ORGANIZATION

2-1 GENERAL

The EDMF utilizes a general record organization from which many
fixed and variable length records of hierarchical and network formats
can be derived. By identifying the characteristics of the record organi-
zation, it is possible to segregate and store the global record structurasl
information from the local and non-structural information. Such segrega-
tion facilitates efficient use of storage, record reorganization, and

multiple organizations for the same set of records.
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2-2 ORGANIZATION

A field (or data item) consists of two parts; the first is called
an attribute (or field name), and the second is termed its value. .Ihe
characteristics and relations of a field may be specified to reveal the
information type and organization of the fields within a collection.

Field specifications of a collection determine the record organization

of the collection; such a collection is referred to as a file. A record
of a file is, therefore, a subset of fields satisfying the record organiza-
tion of the file. A file may consist of one or more records, a record
coneisting of one or more fields. Since all records in a file contain
similar information type and organization, fields of one record always
contain the same information type and are related to each other as are
fields of another record. The information which differs from one record
to another is the value of the attributes and the absence or presence of
certain optional fields within that record organization. For example,

it will be noted in Figure 2-1 that all Part No. records in the Part No.
file contain the same attributes of information and have the same organiza-
tion (four fields related in the same order and with the same indentation),
but differ in the values associated with the attributes (Part No. in

one record is TX 4240, in another record T 0035).
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2-3 FIELD LEVEL

Each field is assigned a level number. These level numbers for

all of the fields establish a hierarchical record organization. Thus,

a record may be viewed as a tree structure where each node of the tree
is a field and the depth of the node in the tree represents a level
number. The root of the tree is at the top and its field is assigned
the level number zero. For a given non-terminal node of the tree,

there is always a subtree whose root is that node. The field associated

with that node is called a superior field and the fields assoclated with

the subtree are called subordinate fields of the (superior) field. The level

number of a field is less than the level number of each subordinate field.
However, the actual level number assigned to a field need not be equal

to the depth of that field; in effect the level number is relative to

all other level numbers assigned to the other fields. If there are no
fields between a subordinate field and & superior field the subordinate

field is called an immediate subordinate field of the (superior) fileld.

Conversely, the superior field is called the immediate superior field of

the immediate subordinate fields.

In Figure 2-1, fields at the seme levgl extend from the same vertical
lines. Note that the fields containing vendor number and vendor sources
are at the same level. Although fields containing vendor name, vendor
address, purchase order, and date of purchase are at one level, this level
is subordinate to the level of the field containing vendor source. The
level number is assigned to a field explicitly by the programmer. The

organization of flelds in terms of level or hlerarchy in a record can be



used to identify related fields as sub-groups, groups, and divisions

for ease in reading and modifying fields.
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2-4 ATTRIBUTE REPETITION

Within a record, some attributes may appear once, others many
times. Figure 2-1 shows the following attributes appearing twice
within a record: vendor source, vendor name, vendor address, vendor
order, and date of purchase. This is quite common in business reports
or records, but it becomes tedious to specify these attributes each time
they are to be repeated within a record. To ease the programmer's effort
in specifying a repetitive attribute, a repetition number is assigned to

the attribute. The repetition number of an attribute indicates the number

of repetitions of the attribute in the record. If the repetition number = n,
the field must occur n+l times. In addition, the repeated attributes will
have the same level as the original and every required attribute of a

lower level will be repeated. The absence of a repetition number indicates,

by default, that the repetition number is zero. As a result, when specify-

ing the attribute vendor source, it is necessary only to assign repetition

number 1. Furthermore, when specifying the attributes vendor name, vendor

address, purchase order, and date of purchase, it is not necessary to

assign any repetition number. (The absence of a repetition number indicates
implicitly that there is no repetition involved.) Since the four attributes
listed above are at a level lower than the repetitive attribute, they will

be repeated each time the attribute vendor source is repeated (see Figure

2-1).



2-5 ATTRIBUTE OCCURRENCE

Referring to the purchese order record in Figure 2-1, it will

be noted that the attribute part description appears first under guantity 1,

then under quantity 3. However, there is no part description under

quantity g. This is a case where an attribute does not occur uniformly
in the record. Furthermore, an attribute may not always occur uniformly
in every record of a file. Such an occurrence of an attribute is termed

the optional occurrence of the attribute. On the other hand, the attribute

purchase order no. appears in every purchase order record. Such an

appearance of an attribute is termed the required occurrence of the attribute.

In addition, if the occurrence of an attribute of a field is optional,
then the occurrence of each attribute of its immediate subordinate fields
will be determined by the following:

1. The attribute must ocecur if it is required and the optional

attribute of its immediate superior field appears.

2. The attribute cannot occur even though it is required if the

optional attribute of its superior field does not occur.



