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Preface

The Second Annual Worldwide Data Management System
Symposium was held at the United States Air Force Academy on
9, 10 and 11 December 1971 under the sponsocrship of the
Department of Astronautics and Computer Science of the United
States Air Force Academy.

The first symposium, held in November 1970, was
composed of briefings about various military data base
management systems, and did not involve the formal presenta-
tion of papers concerning current areas of study. Thus, no
proceedings were published. s
TR

This publication represents what we hope will be the
first of a series of informative documents regarding the
current activities of USAF organizations in the field of
Data Base Management Systems.

Due to scheduling conflicts, it has been decided to
hold future symposia in thc early part of each calendar
year. The third such annual symposium has been tentatively
scheduled for early 1973.

The editors wish to thank all of the participants for
their contribution toward the success of this meeting.

Gordon M. Gerson, Major, USAF
Anthony J. Winkler, Captain, USAF

United States Air Force Academy
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INTRODUCTION

The views expressed in this paper are derived to a great extent
from the author's involvement in both past and present data management
projects sponsored by the Electronic Systems Division of the Air
Force:. These projects span a period of more than ton years during
whica there has been considerable change in the field of data manage-
ment. The most significant single change is the growing acceptance
of data management as an essential set of tools for the management
~f formatted files. Ten years ago, virtually all significant data
management development work was being done within the Department of
Defense community, largely in response to the demanding requirements
of command and control systems. The management support users of
data processing, both in the military and commercial environments,
regarded data management systems as being inappropriate tools for
their immediate needs. The reascns for this are fairly straight-
forward. First, the demands for high speed data retrieval and multi-
user access were critical needs in the command and control environment
and strongly encouraged the development of such systems. Second,
the cost of such systems was very high. They cypically required over
a million dollars to implement, and took a number of years to complete.
This level of investment was out of range with that which the manage-
ment support community could afford. Additional impetus for the
building of these large, high-performance systems was provided through
the availability in the command and control environment of what was
then large sophisticated hardware such as the SAGE computers. Many
non-comrand and control users of data processing did show an interest
in data management, however, their available resources limited this
interest to using fairly simple tape file extraction and report
generation programs.

This early situation is in strong contrast with that of the
present. There are over one hundred data management systems being
marketed today largely as proprietary software, and there is a dramatic
increase in the use of these systems by commercial users of data
processing. The Informatics Inc. MARK IV system, for example, has
a client list of over 400, while IBM's IMS system is over 200. Within
the set of LOD systems, NIPS has found wide acceptance in terms of
the number of installations where it is being used.

The most significant conclusion to be drawn from these numbers
is that data management is no longer regarded as the exclusive proper-
ty of command and control, but as a necessary and even vital pai. of
other segments of the data processing user community. More specifi=
cally, the management support segment which is dominant in both the
military and commercial environments has begun to greatly expand its
interest in and use of sophisticated data management capabilities.




This wide use, more than any other single factor, has begun to
influence not only the range of jobs to which data management is
being applied, but the architecture of the systems themselves. This
is not surprising. In any field, increasing demand for a product or
service has a strong influence on the basic economics of providing
that product or service, and a subsequent change in the methods of
constructing and supplying it. Probably the most obvious example of
this in data processing is the history of operating systems. Early
operating systems were little more than simple utilities which func-
tioned as aids in using the hardware. Today they are a necessity.
Ten years ago it was extremely difficult to imagine a manufacturer
supplying as a standard operating system something as extensive and
complex as the System/360 Operating System. Now the capabilities of
such systems are regarded as commonplace, and users have developed
even higher expectations for the future.

The motivation for the development of these vastly improved
operating systems has rested largely on the growth of the data pro-
cessing industry. This has allowed manufacturers to make major
investments to develop such complex systems and to amortize thelr
cost over a much wider market and a long period of time.

Data management systems have now begun a transition very similar
to that of operating systems. They are still largeiy in the category
of a utility, albeit a rather sophisticated one. The volume of
demand for their capabilities, however, is sufficiently high so that
new DMS architectures for meeting this demand efficiently can now
be realistically considered.

The central thesis of this paper is that the most effective way
of supplying data management capabilities in the future is to imbed
a substantial number of the components of a DMS within a modern
operating system. The specific components chosen in this paper are
those which, in additioa to being common to every DMS, are sufficiently !
alike in current data management systems to warrant use of a single
implementation of that component in future systems. It is argued
that this approach provides the following benefits:

i. Any component of a data management system can be made to
operate moce efficiently and effectively when it is included
as part of the operating system.

ii. Many DMS components and the functions they support are not
unique to data management systems but are common to many
other types of processing. Consequently, inclusion of DMS
components within the operating system makes them more widely
available, and promotes compatibility between the data
management system and other non-DMS programs.
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iii. Given adequate implementation of these components, the de~
signers of data management systems will be free to concen-
trate on providing better capabilities in support of specific
DMS applications.

A straightforward way of defending these statements is to describe
the problems faced by designers of early data management systems in
terms of the tools available to them, and to compare these problems
to those faced by current designers and implementors of data manage-
ment systems. This comparison reveals a trend toward providing many
facilities which are essential in the implementation of data manage-
ment systems within current operating systems. By extrapolation of
this trend, a probable architecture for future data management systems
can be described. This description substantiates the main thesis of
this paper.

DMS IN THE PAST

The most striking problem facing dresigners and implementors
of data management systems in the early 1960's was the lack of almost
any basic support software useful for building a data management
system,

The author of this paper was a member of a group which imple-
mented a data management system on the SAGE computer, the AN-FSQ-~7,
in 1961. This machine had extremely impressive hardware capabilities
for its time, and provided an excellent vehicle for constructing a
data management syctem. It had 65k, 32 bit words of 6us core storage,
high speed drum storage with an access time of under twenty milli-
seconds, a communications drum which allowed for simultaneous use
up to 10 teletypes, graphics display consoles, and high speed
electrostatic printers. This system, however, was devoid of any
general purpose software. There was no operating system or utility
package available, other than a symbolic assembler and loader.

The data management system which w#s built, called ETF, was an
experimental system and was not internded for operational use, although
it was used as a base for prototype applications in military airlift
operations and in post-~attack command and control. The data manage-
ment capabilities which this system provided included a general pur-
pose query language and output formatting routines, file structures
providing rapid retrieval through a hash-code technique and multi-
terminal on-line operation. In many respaects, this system was com-
parable in capabilities and performance to some that are being marketed
t>day. The process of implementing it, however, was considerably
different.
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This implementation process can be conveniently divided into
three phases. First was the implementation of very low-level rcutines
such as input-output handling and core storage allocation. These can
be thought of as "basic operating system components'. Today they are
taken completely for granted. Second were file and dictionary access
programs, file storage allocators for management of disk space, and
routines to manage multiple simultaneous teletype input-output including
management of task queues. These routines can be termed "basic DMS
components''. At the time, most of these capabilities were quite new
and were largely untried. Today, they are taken for granted in almost
every DMS, although they are built using a variety-of implementation
techniques.

Once cthe capabilities described above had been provided, the
third phase could begin. This phase concentrated on the implementa-
tion of the query language translator, output formatting routines,
special computational routines and the file generation program.
These programs can be termed "basic language components'. This divi-
sion of a DMS into components can be further clarified by thinking
of them in terms of those which are transparent to a user of the DMS
and those which are visible to him. The operating system components
and basic DMS components are transparent to a user of the system,
although they have a strong influence on its performance. The basic
language components constitute the user's interface with the data
management system and strongly influence the suitability of the
system for various applications.

A further observation about the ETF system is that the basic
language components of the system were by comparison easier to con-
struct than were the basic DMS components. This is true because
the presence of an adequate set of basic components allows for sub-
stantial change within the language components of the system even
after their initial implementation. The most important observation,
however, is that virtually the entire system had to be built from
scratch.

CURRENT DATA MANAGEMENT SITUATION

All of the goals which the designers of the ETF system were
trying to achieve are still very valid. Such capabilities as on-line
query languages supported by high-speed retrieval mechanisms are
characteristics which many systems today either contain or aspire to.

he MRI Inc. System 2000, Cambridge Computer Associates CCAl04 Systen

and TRW's GIM System are all contemporary systems which were designed
with these characteristics as major goals. Systems such as IBM's
NIPS and Informatics MARK IV which were fairly simple batch processing




systems in their original implementations have evolved upwards in
complexity to include many of the features of newer higher perfor-
mance systems.

In addition to similar goals, the design techniques used in
current Systems are remarkably like those employed in early systems.
This is not to say that there have not been improvements, because
there have, however, such file access methods as hash-coding, inver-
sion of files using bit vector schemes or pointers had all been
implemented at least once by 1962. Current query languages also show
remarkable similarity to those of early systems. For instance, the
language of SDC's DS/2 system bears more than a vague resemblance to
thhat of the ETF system.

Where have the major advances in data management systems ocurred,
then? There have been no dramatic breakthroughs in the field of
technical design. Improvements have been evolutionary in nature and
have come largely through reimplementation and refinement of basic
techniques. The most significant advance in data management systems
is their acceptance by a much broader segment of the data processing
industry than was formerly the case, and the dramatic rise in the
number of available systems. Much of the reason for this availabi-
lity is due to the inclusion of basic tools within the operating
system, similar to the basic DMS components described above, which
makes implementation of data management systems quicker and cheaper.

There are a number of examples of basic DMS components which are
contained 1n current operating systems. The most important of thesec
is physical file access methods. It ig important because the designer
of any data management system must decide whether to make use of
access methods which have been provided with the operating system or
to design and implement his own. The cost differential between these
alternatives is large, as is the implementation time. Because of
this, many data management systems make use of these access methods
Within the IBM 360/370 environment, the NIPS system utilizes the
Indexed Sequential Access Method for organizing its data files. This
is also true for the Systems Development Corporation's DS/2 system
which offers the option of using either sequential or indexed sequen-
tial access methods. The INQUIRE data management system built by
Infodata Systems, Inc., for use on IBM 360/370 equipment, uses a
combination of indexed sequential and direct access methods. The
data management system bid by Honeywell Information Systems in its
WWMCCS cubmission provides an additional example. Originally, this
system was designed to handle tape files compatible with a number of
other systems including COBOL. As a part of its enhancement for the
WWMMCS bid, interfaces between the system and additional access
methods available under GECOS III were built. These include both
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the random file capability as well as the recently announced Honeywell
Indexed Sequential Access Method.

There are numerous other examples of the type cited above, all
of which serve to demonstrate that current data management system
designers frequently make extensive use of manufacturer supplied access
methods.

A second significant area in which operating system capabilities
are used to support data management functions is in teleprocessing.
The use of IBM's teleprocessing access methods by many existing data
management systems is an example of this. While these capabilities
are rather basic, the availability of the Time Sharing Option of 0S 360
provides a much more substantial set of such tools and will certainly
be used in future systems. This can be illustrated most clearly with
an example drawn from the author's recent experience.

The Air Force Data Services Center (AF/ACS) established a
project in 1970 to acquire an interim data management system. The
system which was chosen had been built by General Electric Apollo
Systems Department for NASA and was called ADVISOR. The system
had teen implemented originally under GECOS II, which had no time-
sharing subsystem. The system, however, was intended to support
multiple on-line terminals. The implementors were naturally forced
to develop a sub-monitor of their own since GECOS II provided no
support for subczystems with terminal capabilities. The GECOS II
version of ADVISOR, including its sub-monitor, required 34K words of
core storage. Furthermore, it was necessary to alter the job sched-
uling algorithms of the GECOS II operating system to guarartee adequate
response times to ADVISOR terminals. At the time the ADVISOKR system
was selected for installation at AF/ACS, GECOS III with its time-
sharing subsystem had become available, and it was decided to mwodify
the ADVISOR system to run under time-sharing.

The modifications to the system resulted in suls.antial improve-
ment in two areas. First, the amount of core required by the system
went from 34K words to 23K words, a reduction of almost one-third.
Second, the response time at terminals was significantly better in
the modified version even when the DMS was competing with a number
of other time-sharing users.

It is the author's belief that this experience is representative
of the kinds of savings which could be realized in many data manage-
ment systems by using time-sharing facilities supplied as a part of
the operating system. This does not mean that current time-sharing
systems provide all features needed for support of data management
systems. However, they represent a significant advance over tools
which have been available in the past.
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CURRENT TREND

The examples presented above have illustrated the trend towards
including many basic DMS components necessary to data management
within operating systems. Clearly, some of these components would
exist in the absence of any DMS requirements. However, a large enough
number of them have been provided specifically for data management
related functions so that a precedent has been established. This
raises two additional questions. First, will this trend continue?
And, second, should it continue?

Will Trend C&ntinue?

The answer to the first question rests on two main issues: the
additional needs of data management system designers in terms of
basic DMS components required, and the size of the market perceived
for these by suppliers of operating systems. The usefulness of
‘additional components for use in constructing daza management isystems
can be shown by an examination of a number of specific representative
areas in which such components are now being developed. These are
discussed in more detail in the next section. The accurate deter-
mination of the size of future markets for these components. is more
difficult. The president of IBM, Mr. Cary, in a recent articlel is
quoted as saying that systems incorporating a data base and data
communications have the most future market potential. A major manu-
facturer of data processing equipment is known to be developing a
large array of tools for data base manipulation which are architec-
turaily within the operating system. At a general level, the increase
in the amount of formatted file pincessing and more specifically the
processing of large shared data bases, is an established fact. The
wide use of systems such as IBM's IMS and the CINCOM's TOTAL system
as a set of basic DMS components for data base management systems
bears this out.

Should Trend Continue?

FThe second question raised above; namely, the desirability of
a continuation of this trend is largely a subjective question. In
discussing data management system design with collegues, this author
has more than once heard the argument advanced that "operating systems
are making it difficult to implement many of the low-level detailed
functions required by data management'. This is undoubtedly true,
and is in fact additional evidence that the trend cited in this
paper is established. These people, to a great extent, ave coacerned
with the specific problem of having to deal with standard access
methods which do tend, in some instances, to make it difficult to
develop complex new file structures. The alternative to this is to

8




provide features within the operating system which will allow imple-
mentors to start from scratch at a '"bare bones" level and build their
own systems. This is incompatible with the fundamental philosophy of
modern operating systems. Multiprogramming systems, for example,
require that users give up some individual freedoms (e.g., first-

level interrupt handling) in the interests of overall system efficiency.
In the case of file access methods, their use on a wide basis indicates
the existence of a concensus that the availability of a standard set

of them is sufficiently valuable to warrant a compromise in flexibility.
None of these statements is intended to suggest that data management
system designers should be prevented from experimenting with new
techniques. This, in fact, should be encouraged. It does mean, how-
ever, that much of this experimentation may have to be carried out
external to the environment of standard operating systems. In short,
the trend toward the wider availability of basic DMS components pro-
vides useful tools to implementors of operational data management
systems on standard hardware and software and can sometimes be a
hinderance to those designers whose interests lies solely in experi-
mentation with new techniques on these same systems.

To return to the main question at hand, the established trend
toward placing basic DMS components in operating systems should
continue because it shows every indication of further lowering the
implementation cost of data management systems, allowing the imple-
mentors of the DMS to concentrate on basic language components, and
increasing the compatibility among all software elements of any
facility using the standard operating system. The following section
describes a number of specific technical areas on which a continua-
tion of the trend is likely to be based.

SOFTWARE CAPABILITIES FOR INCLUSION IN FUTURE OPERATING SYSTEMS

Each of the topics discussed below is an area in which there is
currently one or more implementation activities underway or which
are being widely and actively studied. These areas can be divided
into two main types: those which were originally motivated by or
developed specifically for data management use, and those which
were or are being developed for gener..l use but are critically
important to future data management systems. In either case, they
represent basic DMS components which belong within an operating
system.

Improved File Structures

The need for increasingly sophisticated file structures is well
established. The inclusion of support for these structures within
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the operating system is advantageous for two main reasons. First,

it makes such structures available to all processing functions,
including procedure oriented languages. Second, such structures can
be provided through extension of current operating system capabilities.
These extensions are drccribed in detail below.

Before discussing specific file structures, definitions of
logical and physical file structures are appropriate, since there is
often confusion over the distinction between these terms. For the
purposes of this paper, a logical file structure is the set of ex-
pressed or implied relationships between records or entities within
a file or data base. Thus, such terms as "flat files', "hierarchical
files", and '"network structured files' all describe logical file
structures. Physical file structures are the mechanisms utilized to
store and retrieve file data. These include such techniques as
sequential access methods, direct access methods, bit vector schemes
for file inversion, and others. It should be noted that there is
usually, but not necessarily, a one to one correspondence between
physical and logical file structures. For example, an indexed
sequential access method might be used to store either flat or hierar-
chical files.

Symbolic Reference to Data

A conceptually simple extension of current operating systems'
file access methods is that of symbolic field-level reference to
data. All current access methods are organized at the lowest level
around the notion of records. In only limited cases (the index of
ISAM is the mecst obvious example) is the access method sensitive to
units of information at a level lower than that of a record. Both
data management systems and formatted file related applications
programs operate primarily on field level information which in most
cases is represented as contiguous strings of characters within a
record. Furthermore, most non-DMS applications programs are bound to
specific record formats in the sense that any change in either field
level information or the physical file structure causes the program
to run incorrectly. In the past, this situation was undesirable but
could be tolerated, since many application programs were the sole
users of a data file. In a shared data environment, this method
of binding programs to specific formats is highly undesirable. Data
formats are changed quite frequently, forcing application programs
to change with them. What is needed is an ability to maintain a
single description of a record's contents rather than allowing each
applications programmer to maintain a separate and unique data declara-
tion. This situation has been available in COBOL by using external
data divisions, however, it is rarely taken advantage of.
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A more desirable mechanism for both data management systems and
non-DMS applications programs is a physical data description or data
declaration managed by the operating system as a natural extension
of current access methods. This is very similar in concept to the
dictionary of current data management systems, and its inclusion as
a part of file manipulation routines makes its advantages more widely
available. An applications programmer or data management System
making use of this capability would invoke the name or identifier
of the record type it desired access to, and after reading any record
of this type, the fields of that record could be referenced symbolic-
ally. The most obvious way of providing this capability in the futurc
is to extend, to the field level, the file cataloging and file direccory
services nrovided by current third-generation operating systems.

Physical File Structures

The key to the performance of any data management system is the
physical file structure it employs. Because of this, designers of
data management systems have devoted more time and thought to the
relationship between logical and physical file structures than any
other single component in a DMS. There are a number of generally
accepted maxims which have evolved from the observation of many
implementations of different types of file structures. The most
important by far is that there is no single access technique or
physical file structure which provides optimum performance over a
wide range of common file processing applications. For example,
demands for very high speed retrieval from large files are incom-
patible with those of large volume, rapid updating, and high volume
output requests. To a great extent, this is a reflection of the
limitations of current secondary storage devices, and it points out
the needs for a diversity of access methods from which the most suit-
able one for any application can be selected.

Because no single physical access method stands out as being
universally better than all others, it is difficult to propose a
specific one, or even a small set for inclusion in future operating
systems. It is clear, however, that demand for increasingly complex
physical structures is increasing, indexed sequential and direct
access being the best examples, and is likely to continue. Perhaps
the most obvious next steps in complexity are those of multiple indexes
for a single file (file inversion) and the provision of physical
structures which support logical structures of increased complexity.

File inversion techniques, and there are many of them, are the
most frequently used mechanism for providing high-speed retrieval
within the limitations of currently available hardware. For appli-
cations requiring this type of performance, a rapid method of selecting
records based on their content is necessary. To either a data
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management system designer or to an applications programmer, the
capability would take the general form of a call to the operating
system which delivers to the user the 'mext" record or records whose
contents meet the criteria specified in the call. The specific
physical access methods used within the operat.ng system to achieve
this should be largely transparent to the program making the call.
Furthermore, it should be mentioned that the usefulness of such a
capability is made possible by the availability of the file diction-
ary described previously, since any qualifying field can be referenced
symbolically.

Logical File Structures

In addition to improved physical access methods, an ability to
manipulate file structures of greater logical complexity is needed.
This need is currently being met by such systems as IMS and TOTAL,
which support hierarchical and network structured files. An example
of the need for these structures can be found in the Military Airlift
Command's MACIMS system. One of the primary goals of this system
is the management of a large body of interrelated data. This includes
a reduction in the redundancy of data storage, and the ability to
provide data to a number of different functional processors, each
requiring a different but, not necessarily unique, subset of the
data. Comparison of these requirements with the abilities of tradi-
tional file structures such as that supported by COBOL reveals a
significant gap between requirements and capabilities, and thus a need
for structures such as those provided by IMS.

The implementation of support for such structures within an
operating system is reasonably straightforward technically, and can
be constructed using the dictionary and some of the physical access
capabilities proposed earlier. The most difficult problem currently
being faced is that of arriving at a consensus as to which set of
logical and physical structures are best. It seems likely that much
of the discussion is due to a lack of sufficient data on the relative
merits of one structure versus another, and that any firm decision
cannot be made until such data is generated.

Regardless of what structures are chosen, the effects on the
operating system and the types of support it must provide are much
the same. At a detailed level, the capability needed is that of
retrieving a record from a file based on a logical relationship of
of that record to another in the file. Thus, a simple example is one
of wmoving downward in a hierarchical tree to retrieve the offspring
records of a parent record. Again an important point about placing
these capabilities within the operating system is that they become
available not only to data management system designers and implementors
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as a set of capabilities which form a base on which a data manage-
ment svstem can be constructed, but also to the application programmer
as a basic extension of his programming language.

Additional Basic DMS Components

The discussion above on file structures is largely contered
on techniques which have been developed within the domain of data
managcement, but which today find much broader applicabilitv. The
additional areas discussed below originated in a wider context than
DMs but are critical to their operation and which most sensibly (from
a technical and economic peint of view) belong in the domain of the
modern operating system.

Concurrent Task Manapement

Many data management systems are designed with at least some
thought of providing service to multiple simultancous on-line uscers.
As the examples in the carlier portions of this paper have shown, one
premising vehicle for providing this capability is the time-sharing
subsvstem of many aodern operating svstems.,

Unfortunately, current time-sharing svstems arce not entirely
adequate for supporting all of the concurrent task management needs
or g data manasement svstem. In oparticular, most time-sharing svstems
have been developed to support independent, unrelated jobs.  This is
incompat ihle with manvy needs of current data management svstems. A
prime example Is the area of related job scheduling.  In many data
management applications, it s desirable to be able to assivn priority
to dittferent tyvpes of users or the jobs whiech thevy arve periorming.
This need is usually met by providing a methed of gqueueing a set of
fobs all operatineg on a single file, and interrupting tasks which
are in execution to service, on arrival, higher priority tasks.
Current time-sharing svstems must be improved substantially in this
Area to meet the needs of data management systems.  An additional
improvement toe time=sharing svstems which would benetit not onlv data
management svstems but all users of time-sharing is that of reentrant
prowram support.  In oo data management system environment, there is
a high probability that more than one user is executing the same
module of the data managewment svstem.  For example, in g system with
ten simultancous on-line users, it is verv likely that more than
one of them is making use of the query language translator.  This
is a situation where reentrant programs can provide a significant
saving in core space required.  In the eoperation of some current data
management svstems on IBM 300 equipment, it is alwavs distressing to
be torced to maintain a separate copy of the data management svstem
in core tor cach svstem user.  The ceffective use of reentrant programs
running in a time-sharing environment ca eliminate much of this problem.
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Current time-sharing systems, then, must be improved to allow -
data management systems to operate at a high level of efficiency, and
with a full set of capabilities. Nevertheless, the use of current
time-sharing systems offers considerable advantage over the alter-
native of building similar carabilities nearly from scratch.

Management of Concurrent File Access

The problem of managing concurrent file access, including both
reading and writing of files, has no general solution. This is a
problem which is of interest to not only data management systems, but
any set of programs referencing a common set of data files. There
are a number of examples which can be used to illustrate the problem,
probably the simplest of which is the case where program A is updating
a file, and program B is reading it. Both programs are operating in
a multiprogramming environment where either may be interrupted by
the operating system without notice. Program A, then, may be stopped
in the midst of an update which changes not only a data value, but
the structural integrity of the file. Program B, in trying to read
the file, may find a logically inconsistent data structure which it
cannot sensibly process.

The general solution to this problem at the level of small units
of file access, such as records, is not known. However, it is clear
that any solution will be an integral part of the operating system.
It must be tightly bound to the file access mechanisms of the system
in order to maintain an awareness of all accesses to a given file.
One can imagine a central, perhaps reentrant, routine which main-
tains control tables for all file access by any program or system.

It is in a position to detect conflicts, and schedule file accesses

in such a way that the conflict is eliminated. The need for such a
solution becomes more critical as shared data applications come into
wider use. Current solutions to the problem such as preventing all
file access from being made while an update process runs to completion
simply are not satisfactory.

Secure Data Management System Operation

A problem which is of obvious special interest to the DOD com-
munity is that of providing secure operation in a multi-access computing
facility. This problem is a general one, and affects not only data
management systems, but all programs running in a facility handling
classified information. The problem is of particular interest to
decigners, implementors, and users of data management systems, since
the central objective of a secure facility is protection of file data
from unauthorized or accidental disclosunre. Like all other functions
discussed in this section, a majority ot the mechanisms for providing
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secure operation must be within the operating system. The reason
for this is straightforward. Assume the existence of a data manage-
ment system with an arbitrary number of security controls built into
it. Also assume that this system runs under the control of an
operating system which has not been designed to be secure. In such
a situation, it is a simple matter for any person with a system
programmer's knowledge to access data belonging to the data manage-
ment system through independent means. Consequently, a secure data
management system 1s one which maintains its own security controls,
but depends primarily on its operating system for secure operation.

EFFECTS OF PLACING BASIC DATA MANAGEMENT SYSTEM COMPONENTS WITHIN
THE OPERATING SYSTEM

The value to data management system designers and implementors
of the capabilities discussed above can be shown by considering again
the process of constructing the capabilities provided in the early
ETF system, and comparing this with the original example. The most
dramatic change is the virtual absence of both the first and second
phases of the original implementation. The first phase is made un-
necessary because all of the functions originally implemented in it are
available today in modern operating systems. The second phase has
been largely eliminated becausz tne basic DMS components would be
available within the operating system. This phase now becomes largely
a process of selecting from available components, those most appropriate
to the characteristics of the system being constructed. 1In the case
of ETF, the first step would be the selection of a prime access method.
Any key value or index method providing rapid access to individual
records by name would likely duplicaie (or better) the performance of
the original system. The logical structure required would be a two-
level hierarchical file, which compared to some structures supported
even today, such as in IMS, is nearly trivial, and would certainly
be available within the standard structures supported in the future,.
Having chosen one (or possibly more than one) access method and
determined that the file structures desired were supported, design
could begin on the query language translator, output formatting rou-
tines, retrieval processors, and file generation routines. The
development of these programs could be done using the same time-
sharing system that would ultimately support the data management
routines as one of its subsystems. This is particularly advantageous
since time-sharing is an excellent tool for program development and
can reduce the elapsed time involved by 50 per cent or more.2,3

After completing these functions and installing those that inter-
faced with on-line users under the time-sharing system, the new ETF
system would be complete. In the author's opinion, this procedure
would provide a savings in time and manpower of roughly one-half over
that of the criginal system.
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In addition to the savings in implementation costs, the system
of the previous example and for that matter any data mauagement system
built from the same basic capabilities would have a number of signi-
ficant additional advantages over current and previous systems. First
is the relationship between the data management system and standard
programming languages. Since both the DMS and standard compilers
would use the dictionary capability described earlier, data files
operated on by the data management system could also be directly
accessed from any programming language within the system. 1In the
past, this sort of compatibility at the data level has often been
desirable but largely unavailable. No problem-oriented language
such as those provided in many present data management systems is
capable cf supporting very complex processing. Occasionally, this
type of processing is necessary. However, in any data management
system with a unique file siructure, processing of its data with
external procedure oriented language programs becomes nearly impossible.
The common use of the data dictionary eliminates much of this problem.

The second advantage of data management systems built with basic
capatilities within the operating system, is that of better overall
stability. Any capability included as part of a standard operating
system receives better maintenance, is better documented, and has
becter training associated with it than it would as a user generated
collection of scftware. This is largely due to economy of scale;
widely used software generates increased revenues, however, main-
tenance and documentation costs are largely independent of the number
of users of the software.

CONCLUSIONS

Data management today is experiencing more rapid acceptance of
its capabilities than has ever been the case in the past. The exper-
ience gained within the DOD community over the past ten years in DMS
has been responsible to a great extent for this situation. This
acceptance provides the possibility of altering the basic architec-
ture of data management systems so that many (f its components can
be included within the operating system, thereby providing better
support and wider availability for them. The inclusion of many
basic DMS capabilities in the operating system can only be done
successfully, however, by selecting broadly useful techniques which
have been proven out in a number of implementations in the past.

The overall goal of the DMS community should be to make data
management & naturally available tool within any data processing
facility rather than a separate, special purpose collection of soft-
ware as it has so often been in the past. Its potential value to a
broad range of data processing problems is now established and accepted.
The realization of this value is the most important problem facing
data management. 16
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USAF Personnel Data Base Management System

Thomas H. Lee, Major, USAF
Harry M. Kepner, Major, USAF
USAF Military Personnel Center
Randolph Air Force Base, Texas

General data management systems are seldom sufficiently general to be
used without a large amount of tailoring. The design and evaluation
concepts being used in the Air Force Advanced Personnel Data System
Data Base Management System are evolving from consideration of available
features from existing systems, vendor capabilities and unique develop-
ment efforts.

The IM-1 data management system was considered, specification for
vendor capabilities detailed, and evaluation of the current personnel
system was made.

The tools of benchmarking, performance analysis, and simulation are
recommended for evaluation. A necessary, but currently not available,
design tool is the performance chart. The need to relate data use
with hardware and software processes in data management is pointed
out as an important performance consideration.

KEY WORDS AND PHRASES: system design, data manzgement, data base
management, personnel data system, file binding, file structures,
system evaluation, data use accounting, system simulation, performance
evaluation, data administrator.

INTRODUCTION

This paper presents some of the considerations, decisions, and plans
which have been developed for the data management system for the

Air Force Advanced Personnel Data _S{stem (APDS). A IMS design group
was formed in July 1971 to establish design objectives commensurate
with the requirements of APDS and to evaluate the capabilities of
existing and proposed systems. A review of the current personnel

data systems and the proposed system is necessary to gain a full
appreciation of the APDS data management problems. Our interpretation
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of the data management function and the design factors in the APDS
environment will form the bulk of this paper. The final section
consists of some notes on IMS evaluation including some suggestions

for performance measurement studies. It is premature to make any
specific conclusions with respect to the final configuration of the
APLS Data Management System. Hopefully, a consistent design philosophy
will prevail throughout the paper. We are not committed to any particular
concepts, nor have we completed our examination of existing systems.
There is no intent to provide any specific answers. In fact, we
believe meaningful research at this stage of DMS evolution may produce
more questions than answers.

Personnel Data Systems

A significant aspect of the USAF Personnel Data System is that it

has been a system of growth and evolution. It has developed through
the years in response to the needs of personnel management as these
needs were identified. The "vertical structure" (the flow of data
thru levels of command) of the data system grew as the need for
broader control of personnel became apparent. The personnel management
function has evolved from the squadron commander to the Consolidated
Base Personnel Offices and eventually to the Military Personnel Center
(MPC). The development of automated data systems through the years

has been one of successively strengthening the weakest link; hence,
characteristics of many eras of data processing still exist. The
newest system, the base level military personnel system (BIMPS), is a
terminal and disk-oriented system. Since the base is nearest the

data source, this system is concerned with validating and editing

data inputs. The files maintained at this level consist of 3500
characters for each officer and airman. Transactions in the form of
card image records are prepared for transmissions to Major Air Commands
(MAJOOM's) and the Military Personnel Center via Automatic Digital Network
(AUTODIN) . At the MAJCOM level, processing is done in a magnetic tape
environment. The files maintained there are records of 1600 characters
for each officer and 720 for each airman. In today's system the dJata
flow is primarily from base to MAJCOM to the MPC.

At the MPC the systems for officers and airmen have been developed
alternately beginning with PDS-0-65. These systems are basically
magnetic tape/serial processing systems. Current data bases are
130,(29 records of 1688 characters for officers and 625,000 records of
648 characters for airmen. PDS-O and PDS-A run independently on
separate B5500 computers. The center also operates a third computer
(H1250) for the Weighted Airman Promotion System. All three will be
treplaced by the APDS computer. As an interim measure the officer
system is undergoing a design change. Project 2.5, which will become
operational this year. This system derived its name from the ''third
generation data base management and retrieval schemes' and the ''second
generation computer.' It is designed as a disk/random processing
system but within the severe cons .raints of current hardware.
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The Advanced Personnel Data System (APDS) [4] has been designed to
fulfill the following general personnel management objectives:

1. Total Force Management: The capability to more effectively
manage and administer the total available personnel resource (active
duty USAF, Air Reserve Forces and USAF civilian employees).

2. Centralized Personnel Management: The establishment of a central
repository and processing center for personnel data at Headquarters
level in order to reduce the need for redundant data storage and processing
at base and major command levels.

3. Predictive Mana ent The capability to predict, plan and manage
future events through employment of advanced modeling and simulation
techniques with accurate and timely data.

4. Personalized Mana ent The capability to provide individualized
career development and g ce to all active duty military personnel.

Under APDS, most data will flow directly to the Center from the
bases with feedback data supplied to the MAJCOM's. The record sizes
change at all levels. The bases will have 2388 character records
for officers and 2249 for airmen, MAJCOM's 200 for officers -

200 for airmen, and the MPC 4687 for officers - 2985 for aimmen.

These numbers indicate the size of the data base which must be managed.
The form of the APDS data base management system is being influenced
by current systems design and new concepts in management of large
dynamic data bases. The final DMS will be specifically <uited for a
personnel data system.

From time to time, the question arises as to the difference between

a personnel data system and any other inventory system. These

attributes are the most significant in differentiating: first,

the units (people) represented in a personnel system change characteristics
often; secondly, no two are exactly alike, and finally, the cuncepts

and techniques of managing people are never static. You don't worry

about dependent travel when you transfer a propeller. The form and

content of personnel management information changes to meet current

needs. These changing attributes demand system flexibility.

Data Management System Design

The initial problem was to estahlish the bourdary of the "DMS."
Specifically, what tasks are included in a data management system and
how are the responsibilities assigned. Some initial semantic
stumbling blocks can be removed.
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The temminology ''data management system' is most often used in relation
to integrated data bases. It implies services directed toward the
organization and manipulation of data that is used throughout a system.
Effectively, DMS is a set of software processes that provide more
flexibility in systems operation and more efficiency in the performance
of generalized activities. For Advanced Personnel Data System (APDS),
the DMS will primarily be designed so that system continuity can be
maintained with a minimum of effort. It will also be designed to
perrit more respcnsive adaptation to changing functional requirements.
The following narrative defines the relationship between data management
and a DMS and outlines the capabilities of both.

Data Management should be viewed as the combined functions of information
systems management (human decision-making) and generalized systems
support (software processes). The human aspect is conducted by a

"data manager' who, in turn, controls the software processes or data
management system. Therefore, references to data management will be
all-inclusive whereas references tc data management system will be
restricted to software processes.

The data management objectives will be:

a. Provide information that is current, correct and appropriate
relative to user requirements.

b. Provide a system that can readily respond to new and changing
user information requirements and facilitate the integration of external
systems.

c. Pemmit recognition and use of the most cost/effective techniques
for providing information services.

To meet these objectives, a ''data manager' will be identified who is
responsible for satisfying user information requirements. He will
monitor and control all the operational components of the information
system. These components range from data elements and codes to the
camputer hardware and include such things as file organizations,

job schedules and utility software. Information requirements may

be satisfied in many ways short of new systems design; i.e., by re-use
of existing products, by unique inquiry, by report generation and

by changing a code structure or adding a data element within an existing
process. How the requirements are to be satisfied will be based on

the estimated worth of a response versus the estimated cost of producing
that response. The data management system will function to allow the
data manager to evaluate the cost of producing informmation and at the
same time give him the ability to satisfy a valid requirement by
effecting change with a minimum of delay and disruption. Such change
could be immediate in the sense of altering job priorities at run-time
or less immediate in the sense of re-structuring data organizations.




The data management system, therefore, must support the data management
objectives. Toward that end, the data management system will provide
data which is responsive to the information requirements of functional
users, functional managers and system operators (i.e., the data manager).
Functional users will be satisfied primarily by structured applications
programs; functional managers primarily by ad hoc inquiry and exception
reporting; system's managers primarily by monitoring and accounting
programs. The data management system will link applications programs
to required data irrespective of the data base organization; it will
provide file accessing for the purpose of file maintenance and query;
it will provide tables to be used for specifying logical procedures,
validity checks and code translation; it will prevent unauthorized

use of the system and/or components; and it will measure the frequency
and duration of component use. With this general definition of temrms,
we established the realm in which the APDS Data Management System would
operate.

To be responsive to the APDS management objectives, the DMS must

be able to handle very large files (toward 7 billion total characters).
It must provide easy access to this data for a variety of applications
required by centralized personnel management and be able to support
models and simulations with statistical data. Finally, it must be
flexible enough to provide unique requests for information to support
the personalized management objectives.

What then are the specific functional modules of the APDS IMS? The
obvious functions are access, query and file maintenance. File
definition, file generation and a report generation function should also
be included. Now things become slightly gray because to effectively
manage data you need an accounting system to determine its use. This
is also considered to be part of the IMS. User control which includes
resource use accounting, priority and access privilege monitoring is
another marginal function. This is viewed as a joint functicn of the
operating system, terminal handler and IMS. Job control is definitely
in the operating system's realm, but job libarary and directory mainte-
nance may be a IMS function.

The scope of the APDS IMS will te determined by how effectively functions
obtained from other systems, from the vendor and from in-house development
can be integrated. The first step was to evaluate other systems that
contained some or all of the pre-defined attributes. A system that
attracted our attention was DM-1.

The design specification for DM-1 [7] met most of our needs. Since
we would be designing a system without knowledge of the specific
hardware, we hoped the implementation efforts for DM-1 would be
reasonably machine independent (one of the design specifications) and
that the implementation techniques had been validated. Unfortunately,
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neither was true. We used a small extract file containing 40,000
records of 448 characters each to evaluate DM-1. We learned a lot about
file definition, the necessary dependence on a particular machine,

and that we could not expect to use the IM-1 system. However, we hope
to use many of the concepts from DM-1 that we feel are valid. One

is file binding with three levels of file structure. The physical

file structure is the actual storage of bits on a specific device.

The logical file structure is the relationship between various

elements in the file. The third, the formal file structure, is the
linear set of data used by an application program. The binding concept
is the process of establishing the algorithm which relates the fommal
file and the physical file through the logical file. The primary reason
for our interest in this "data independence' concept is to have the
flexibility to change the content and organization of a data base
without necessarily affecting all the user programs. With file binding,
changes to either data base or programs require recompilation for the
binding routines rather than major reprogramming.

Another IM-1 concept is the idea of a data administrator which we

have called the Data Manager. The single point of control over data
standards is absolutely essential in a system the size of APDS. To
support the Data Manager, an administrative-data management system 1s
necessary. For this function during our design and develcopment work,

we have looked at MADAPS (3] which is a self-contained DMS written in
JOVIAL and currently implemented on the CDC 1604/160A at Rome Air Development
Center. A system of this type will be used to maintain catalogues and
determine relationships between files, programs, data elements and

reports. Our current data base, on cards, consists of pertinent
information on 1000 different files, 600 programs, 1548 data elements and
over 500 reports. Eventually, accounting data reflecting user information,
data element, file and routine utilization information, and hardware and
software performance data would be maintained by the Data Manager's system.

After ascertaining that DM-1 would not be a viable system in our time
frame and that tctally building one in-house was not practical in tems
of manpower and time, we looked to the computer vendors for some capabilities.
Both WWMCCS and ALS live test demonstrations were underway. Both had
specified data management system requirements and each system is larger
than APDS. The WWMCCS specification included everything you could

ever imagine a data management system doing. ALS, on the other hand,
specified a requirement closely tied to the in-house developed

Central Control System. We were able to determine a basic DMS capability
available from industry through discussion with several vendors. The
QODASYL Systems Committee Report (5] aided significantly in confirming
our beliefs and estimates. The following is our initial attempt to
realistically specify Data Management Software to be vendor furnished.
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The DMS is defined as a group of software processes that furnish the
system manager or a user the capability to define logical and physical
files, load data to those files, and access the files for the purpose
of file maintenance or retrieval. Applications programs using data
from those files must not be concerned with the file structure, or
storage media, only the data elements required.

a. The file definition capability must include:

(1) A data management language, which will allow the user to
describe the logical structure for his file. A minimum of three distinct
(e.g., index sequential, hierarchical, inverted list) types of
structures must be available from this language. This language must
allow for the use of data names to refer to data elements. It must also
allow for the specification of validation criteria (i.e., size and
class) for each data element.

(2) A programmatic means to assign physical storage by device
or class of device to include explicit division of data across devices.
It must also permit the allocation of space adequate for expected file
expansion.

(3) A means of specifying the privilege/security requirements
of the file.

(4) A means of specifying null values for fields that have no
value at input time.

(5) The ability to specify an accounting of the frequency of
file usage to include measurements against any designated data element
or elements.

b. The file generation capability must include:

(1) The ability to load the files described by the data manage-
ment language from an externzl data source.

{2) The creation of all assoriated index tables and directories
required by the accessing scheme.

(3) At file generation time, provide for the detection of invalid
data, for the output of appropriate error messages and for the insertion
of null values to replace the incorrect values.

(4) The output of a memory map showing the percent of allocated
space used and file/record dimensions.

(5) Initialization of file accounting system when accounting
is to be used.
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c. The file accessing capability will include:

(1) The ability to bind applications programs to required data;
i.e., the ability to read and write individual elements and/or records
or blocks of records from a specified file or files according to an
1/0 request expressed with the data management language incorporated
in or referenced by an application program.

(2) The accessing module will provide for authority checking
to insure the requesting program/user has the appropriate data privilege.

(3) The capability to count each file/element reference and
record in the accounting system.

(4) The ability to access multiple files and multiply access
any single file,

d. The file maintenance capability must include the ability to:

(1) Add and delete specific elements and/or records from a file
with an associated accounting of file storage use.

(2) Change values of specific elements.

(3) Update indexes and/or directories as associated file
values change (i.e., dynamically) or in a batch mode subsequent to
a series of data file changes.

(4) Provide notification to the operator of pending overflow
of allocated file space from a file maintenance activity. It must allow
for reorganization of scattered data storage (''checkerboarding'') and
file compression.

e. The communications terminal handler will include the ability to:
(1) Transmit data to, and receive data from, all terminal
devices connected to the on-line network. This module must verify
correctness of any transmission and retransmit as necessary.
(2) Provide for the queuing of input/output to the terminals.

(3) Provide initial user identification and record the mumber
of initiations for each user ID.

f. The query definition capability will include the ability to:

(1) Name the file or files against which the query is to be
processed.
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(2) Specify the selection criteria by using:

(a) Element names and/or elements codes as provided
at file definition time.

(b) Relational operators of:
Equal to
Not equal to
Greater than
Less than
Greater than or equal to
Less than or equal to

Representative symbols or abbreviations may be used if available on
furnished keyboards.

(c) Literal value for the element referenced of appropriate
class and size.

(d) Logical operators of NOT, AND and OR to create
compound expressions. Order of precedence for evaluating compound
expressions will be: 1st NOT, 2nd AND, 3rd OR and from left to right
with parenthesis being used to change precedence.

(e) Arithmetic operators of multiply, divide, add and
subtract (symbols may be used) to create arithmetic expressions.
These expressions may be a combination of element names, literals
and arithmetic operators. The order of precedence will be: 1st multiply
and divide and 2nd add and subtract and from left to right with parenthesis
being used to change precedence.

(3) Output result of query operation according to the following
specifications:

(a) Designation of output device to include at least
the temminal of submission (if appropriate) and a line printer at the
computer central site.

(b) Optional 1limit on number of output records.

(c) SORT output in ascending or descending order on at
least two key elements of up to 16 characters each.

-
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(d) Designate elements to be output by element name and/or
code, with appropriate output identification.

(e) Designation of format according tc device capability
or default to system output format of columar form with appropriate
headings.

(4) Save a syntactically correct query request and to
subsequently execute it on demand.

(5) Be submitted from any input source including terminals.

Ammed with these specifications, we looked at some proposed benchmarks.
We are not satisfied with the benchmark tests for the data management
capabilities in either ALS or WRMCCS. We feel a comprehensive
evaluation of all DMS functions specified must be made in a benchmark
but not necessarily as part of the timed portion. The query, access
and maintenance functions in our benchmark are designed to make up a
representative portion of the workload in the timed tests. The file
definition and generation functions will be required as pretimed test
activities.

A re-load of the generated data base will be required in the timed
portion. Our required response from the vendors is very general and
only slightly specified beyond capabilities known to be generally
available. Whatever is furnished will serve as the foundation for
the APDS DMS. We are not directing our effort toward a single source
for solution. In the very near future, we plan to investigate in
depth the Administrative Advanced System for IBM internal management
and SC-1 Western Electric's IMS which grew out of the original DM-1
specifications and was reviewed by the CODASYL Systems Committee [S].

It appears now that our initial phase of APDS will be a combination

of our existing 2.5 system redesigned to handle both officer and aimman
systems and whatever vendor supplied DMS capability is available.
Hopefully, some existing systems will be another source for obtaining |
additional functions. Regardless of where the various functions
originate, it will be necessary to evaluate them in terms of their
performance relative to the implementation objectives. To accomplish
these performance evaluations, we will start with the experience
acquired in Project 2.5.

Two tools used in the 2.5 development, which we will expand upon in
our design efforts, are simulation and analysis.

An example of simulation as a design tool in development of a dats
management system is in the evaluation of specific untested techniques
used in Project 2.5. The problem of a fixed length record being the
same size for both generals and second lieutenants had to be resolved.
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The overhead necessary to handle variable length records was considered
excessive. Therefore, a scheme was chosen using a basic record with
pointers indicating if there were trailer records. After simulation,
this method proved to be too costly in storage accesses since most
personnel applications needed all of the trailer records for any
individual. Hence, the average number of accesses per individual
logical record was high.

The method selected was one of creating five separate record sizes
appropriate both for a basic set of data elements and the physical
characteristics of the disk storage device. Using the social security
number in reverse order {which makes it a more uniform random number)
as the primary record locator, an individual's record could reside

in any of the five physical files equally well. One logical file
with basirally one level of hierarchy allowed accessing to remain
straight forward. The formal file in all applications was the entire
1680 characters. This technique required the performance of an
elementary form of data binding (in the IM-1 sense}, i.e., a transfor-
mation from the physical structure to the formal structure.

The physical structure consists of 8 characters of control information
indicating among other things the presence of any of 18 possible
segments. A basic set of 576 characters exists for all records and
segments of variable length are appended to this set. The record
sizes are 720, 960, 1200, 1400, 1680. The addition of any segment
could cause overflow into the next larger record. The binding

process then needs to determine only what segments are present

and appropriately expand the data into the formal record.

Analysis is possible as a tool since there is an existing system

and various use characteristics can be measured. An example is a

study made sor Project 2.5 to detemmine the most frequently used
elements in logical inquiries. Ten of these elements were determined

to be high use items in today's mode of personnel management. It was
again determined and verified through simulation that these ten elements
could be indexed and the data base would remain within the hardware
constraints.

By inverting these ten elements, most of the logical queries can reduce
the total officer file to a six thousand or less subset using only
indexed items. This subset can then be processed and ''same day'' response
provided. Counts and small subsets are provided on-line.

Data Management System Evaluation

We have a good understanding of the personnel data system and the DMS

functions necessary to support it. Based upon the approach we have taken
in design, IMS evaluation can be cateogirized into three separate approaches.
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The first approach is shopping for an existing system. Off-the-shelf
self-contained IMS's can initially be evaluated by comparison of
existing implementation design constraints and the maximum design

limits necessary to support your data base. If the existing implementation
is such that no limits are exceeded, then tests (benchmarks) may be run
directly on the system or existing performance statistics considered

if a similar data hase exists on the system. If, however, some limits
are exceeded; then an evaluation must be made about the effect of change,
magnitude of change and cost of change necessary to adjust the
implemented system. Certain system design philosophies, which optimiz
characteristics of performance, have inherent limits associated with

a hardware configuration. By changing the limits, severe changes in
performance may occur. The basic system concept should be evaluated

for implementation using appropriate parameters on another hardware
configuration. As mentioned before, we used this approach with respect
to our investigation of DM-1. The most serious deficiencies in this
effort were the lack of documentation on the implementation techniques
and constraints and since the implementation was still in progress,

we were not able to evaluate all DMS functions individually.

The second approach is directed toward an analysis of vendor furnished
IMS functions. Again a function by function matching of requirements
with capability and constraints is necessary. After considering the
functions individually, the effects of integrating them for a specific
purpose must be determined. Thus far, our efforts in this area have
been subjective and academic in nature. A real concern is the
relationship of generalized DMS functiors to the excess overhead
necessary for generalization. The cost for marginal flexibility is an
issue which must be resolved if the system cannot be specifically
tailored. The supply system handling financial transactions, a
personnel system and a library informmation system nave a majority of
characteristics in common. Each, however, has some unique attributes.
The generalized IMS will require tailoring to meet the specific
system needs. For example, a severe problem area seems to be the
apparent difficulty in design of a system which can handle various
sizes of data bases with appropriate efficiency; i.e., some systems
which handle small data bases are incapable of handling large data
bases or systems which handle large ones appear very unresponsive with
smaller ones. The concept of general data base management functions
seems valid, but we have serious doubt that it is possible to suggest
even a general data base management system for personnel data systems.
Advertized general systems seem to be general over a very small portion
of the data base management spectrum.

The third approach to evaluation is the study of techniques and the
selection of hardware and software capabilities, combined with these
techniques to create the DMS functions necessary for a particular

data system. This approach uses the tools of analysis, modeling and
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simulation as we used them in Project 2.5 and expanded to cover all

IMS functions. This level of evaluation focuses on the details of

DMS functions. Hence, as techniques are combined to form a IMS

function, the composit must be evaluated to validate it as a complete
function. A function by function analysis then is made for the entire
IMS. The problem of validating models and simulations adds an additional
expense to the evaluation process. Also when hardware is unknown, as

in our case, this approach is complicated by the need to evaluate
techniques with respect to various hardware.

It is necessary for us to work in each of these three areas to
combine features from our current system, an unknown vendor and any
features which may be transferrable from other existing systems.

The problem is one of selecting the most appropriate techniques which
can be implemented on any machine within the time constraint (between
machine selection and system start). This tends to force design

in a high level language or in detailed flow charts. Since well
defined interfaces between applications program and DMS functions

are not available in this enviromment, continued evaluations along
the lines described above are essential.

To be able to evaluate and make objective and subjective judgments
with some degree of confidence, better evaluation tools are necessary.

Too often Data Management Systems are described as being ''effective
with large files,' but '"large" is undefined. Typically, the file

has a maximum of 10,000 records of 80 to 400 characters. The
problems of "large' files in APDS is not simply a question of more
storage. We have an intuitive feeling that there are some definite
step points in the efficiency of data management techniques which
dictate a change in technique as the data base increases in size.
These step points would be the places where the efficiency curves

of various techniques intersect. In the trivial sense, a point is
reached in a system where it is more practical to SORT and use a binary
search than to use a sequential search. Unfortunately, most people
dealing with very large data bases and files are overtaxed with their
primary problem of data management and are unable to do theory and
technique validation.

Data use must also be considered in the selection of a data management
technique and the evaluation of system efficiency. Many systems

are sold on the basis of their data retrieval performance (e.g.,
WWMCCS LTD emphasized retrieval). The analysis of data base activity
in a personnel data system indicate most of the action is in file
maintenance and report generation.

To optimize storage relative to use, the system designer must consider
and understand the variables of storage expansion and access speed,
defined as elapsed time from the end of a request interpretation to data
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delivery to a using function (e.g., report program), as they relate

to a logical and physical storage structure. Some formulas have

been presented for computing overhead associated with various logical
file structuring !2]. Both event and storage overhead were considered.
However, sufficient data on the effectiveness of these formulas

has not been accumulated to validate them. Evaluation of alternative
data management techniques for minor systems or general subsystems

can be made with unique GPSS simulations. A consistent but general J
hardware representation can be used for the comparative evaluation,

Using sirulation results, a reasonable judgment can be made with regard
to any additional evaluation. All of the environmental constraints,
machine and programming, should be included in the GPSS model. The
impact on the current system can be evaluated using the SCERT
Simulation System if a suitable parametric model set has been validated.
The assumption is made that a valid ctatistical base exists from which
verification of the models can be made.

There are some well formed mathematical formulas for determining
average (best case and worst case) times for sort, merge or search
operations based upon a particular technique [1]). The soclution of
these formulas for a particular situation also requires accurate
statistics on the use of the specific file and data element.

Future IMS's should include implementation planning factors of

system overhead requirements and performance characteristics (expressed
in terms of time, accesses or space relative to the number of fields,
number of records, size of record, hardware configuration, etc.)
associated with the functions of file definition, generation, access,
and the various maintenance tasks. Since most structuring techniques
are very closely rzlated to the use of the data, it is necessary to

be ablc to correctly evaluate use. This suggests the need for a
flexible and comprehensive accounting system associated with all the

DMS functions. Ultimately, what we would like to see developed by those
with implemented systems or developing new systems is a series of

charts similar to those used in other engineering performance manuals.
The airplane performance charts in the back of the flight manual is an
example. Given temperature, dew point, field elevation, runway length
and airplane weight, you can determine the expected performance. The
same situation is true in using = DMS. For example, a hypothetical
chart might provide expected storage requirements, load/generation

time und average access time given the file characteristics (record
size, number of fields, etc) some indicator of vaiue uniqueness,
structure variables and a fixed implementation (hardware). The benefits
derived from this form of information is not just the initial selection
of file structure, but as management policies and data use change,
different structuring can be invoked tc improve performance.

Continuous monitoring and evaluation of the DMS functions should

then give the data manager the capability to determine the impact of
proposed modifications as well as adjust to changing data use {
factors in keeping his system tuned. ’




SUMMARY

Note! As promised, we have offered no conclusions. However, there
are many concepts in various stages of development which will remain
under consideration. Today's system designer is faced with the problem
of selecting the appropriate functions and implementation techniques.
He then must merge and/or tailor these to his present needs and be
flexible enough to accommodate future changes.

A primary tool the designer and data manager should have is a system

for measuring data use coupled with the techniques for its analysis.
This tool would provide a degree of flexibility in the data management
system to allow efficient respcnse to changes in data use, personnel
management requirements and other associated applications. The field

of computer system performance evaluation is vast and relatively
untouched. That area of DMS evaluation, particularly interesting

to us, is now at a stage where meaningful research needs to be performed.
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Alr Force Cnline Data System (AF)ILDS)

by
Major Robert A. Yorks
Captain Cecil E. ‘Martirn
Alr Force Data Systems Design Center
Gunter AFB, AL

I. HISTORY

A. Background

The advent of the Base Level Data Automation Standard-
ization Program (BLDASP) computer, Burroughs 3500 (B3500), into
the Air Force gave the base environment its first opportunity
to use a third generation online system. With this type of
computer, all functional areas were able to receive real tine
response by sharing the same computer. The Base Level Military
Personnel System (BLMPS) was the f{irst of real time systems to
be implernented followed by Accounting § ¥Finance and BRase tnuoi-
neering Autonated 'lanagement Systems (BEAMS). In the future,
Civilian Personnel Management Information Svstem (CIMIS) and
‘laintenance ianagement Information and Control System (M01ICS)
will be implemented. Ilorecover, otner systens are in the plan-
ning stages.

A real time system on the B3500 computer requires three
major types of programs. Tirst, the real time svsten needs a
master control progran (MCP) with a data communication option.
Second, the real time system needs an Air Force provided data
communication handler (DCI) prousran to serve as the interlace
between the remotes and the functional system analvzer (FSA)
programs. Third, It needs an F35A which performs the processing
of messages for each functional areca with an online requirenent.

In the current environument, tine DUH receives a nessage
from a remote terminal which is located in a functional area
and requests the MCP to roll the associated functional FS) into
corc. Then the DCH passes the message to the FSA., The FSsA
then calls the appropriate overlay f{or processing the nessage,
After the message is processed, the output response is sent
back to the terminal via the DC'! and CP.,

B. Problem

The problem in the current real time environment is one
which results from the core configuration of the Burroughs B350¢
and the nunber of FSAs and batcnh prograns which are to be run
together. At a normal B-leovel base, the B3500 has 150 K3s of
core. The real time processing mode would necessitate that the
resident portion of the MCP, the DCH, and at least one bhatch
program be in core. Because of this, only two F3As, cach 32KB,
can be vesident at any one time, but most hases have three of
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the planned five systems now online. This means that core can
contain FSA 1 and FSA 2 while FSA 3 is on disk. If the DhCH
receives an input message for FSA 3, the DCH requests that the
MCP '"roll out"” either FSA 1 or FSA 2 and "roll in" FSA 3. This
rolling in and out of 32ZKB programs adds substantially to the
overhead as well as 'non-productive’ disk channel utilization.
The probability of the "needed FSA" not residing in core when
an input message arrives increases as new F&sAs come into heing.
Because of the smaller core at A-level bases, the problen is
compounded. Thus, if the current condition were permitted to
exist, there would be either a degradation of response time or
a continual request for expensive core increases.

C. ?2Problemn Analysis

An analysis of the current environment did in fact
show that an increase in overhead time results with an increase
in the nunber of FSAs. However, the uanalysis revealed an addi-
tional factor which led to the concept of AFOLDS. 't was that
there is a great deal of similarity in processing among FiA
programs. These similarities were in data uanagenent lfunctions.
That is, ecach F&A reads and writes files, reccives and trans-
nits data to and from the DBCH. Additionally. cach FRA updates
files, albeit using differing edit criteria, processes inquiries
(information requests from a single record) on a recal tirme basis
and produced botnh reports and retricvals (informiation requests
from many records) on a delaved or batch basis. The results of
this analysis and many other factors contributed to the decision
to develop AFOLDS,

b

T, CIONCERTS

\

AL Introduction

AFOLDS 1s a seneral data anacenrent svstemn Yor the
-

B350G. It contains two major online prograns. revmote iob ¢con-

municator (RJC) and task processor

The 25C is core resident ana will replace the current
DCIT. 1t will perform all functions now pertorined by the DU,
In addition, it will monitor high speed and renote job entry
{RJE) harduware.

The task processor will replace all FSAs. 't ¢ontains
common routines whicih have been generalized for use by ultinle
functional elenents. It will treat a varicty ot Jile ovoant-
zations that arc totally independent ol tile structurce at data
elenent level. Depending upon actual workload and core size,
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techniques associated with them are different. A significant
point about AVOLDS is that, even though it has most features
(lata independence from program code) of data management
systens, it has sore which are unique. Specifically, AFOLDS
has a formalized DAta Description language (DAD) and a Dbata
Update Bdit Lancuage (DUEL)Y capability.

DAL is a non-procedural problem oriented languave
which gives AFOLDS 1ts program data base independence capa-
bility. Data progran independence means that the description
of the data is not cnmbedded wWithin program code. Depending
upon the degree of independence, programs can accommodate
varving degrees of changes in definition and structure of
that data without being modilied or recompiled. In \IFDOLDS,

a tunctional area user can change his data structure without
changing AFOLDS programs. This is done by the user regencer-
ating flle and data descriptions using DAD statements.

The DAL translateor reads a source deck of cards con-
taining DAD statewents. From these statenments, detailed
descriptions of.a users data base is generated on Jdisk. hen
prograns are processed against the data base, they use the
senerated descriptions in the same nanner in which one uses
a dictionary, i.e., ecach data item description is looked up
to determine what it is and its location. Based on the refer
enced description, the necessary actions, such as editing, are
performed on the data iten.

DUEL 1s u non-procedural problew oriented lansuage
used to describe any type of edit ‘or individual or groups o
Jata clements to \YOLDS.  The language is in decision logic
table format. Tt is ecasy to understand and use.

The DUEL translator reads the decision tables fron
cards and translates them to a code on disk., This code is
interpreted when the task processor neceds to edit data elenents
hefore they are updated.

with DUEL and DAD as summarized above, AFOLDS is
data nianagenent system which 1s user oriented.
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Terminal Language

There will be two levels of commands in the language:
(1) SYSTEM - communicates with the RJC.
(2) MONITOR - communicates with the task processor.

When the operator is at the SYSTEM level the commands will
be free form. Commands at this level will be as follows:

MSG (to send a message to another terminal or the SP9)

STATUS (response would be some statistics about the
current system status such as number of users, etc.)

TLOAD (used to load another TC521 program from a B3500
library)

LINK (to send output to designated terminals besides the
originator)

DELINK (reverse of LINK)

USERS (response is last name and terminal ID of others
in the systen)

ROUTE (to send output to designated terminal or device
rather than originating terminal)

START (to request initiation of pseudo-remote. AUTOIDIN, or
high-speed remote)

STOP (reverse of START)

When the operator is not using the SYSTE'! level of commands,
he will be using the MONITOR commands. lHowever, he will be able
to freely change from one level to another and back upon demand.
Once at the MONITOR level he must choose, by actuation cof a pro-
gran key, the following in order: (1) MIDE, (2) TRANSACTION,
He may choose one of these MODIS:

DAN - edit limits 4 characters in DAN identifier
DEN - edit limits 24 characters in DEN identifier
Free - there are no edits and message can be approxinmately

150 characters in length.
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Having chosen the mode, the operator must then choose a
TRANSACTION type. There are seven and will Dbe so labeled on
the program keys:

Update

Inquiry
Retrieval
Create

Delete

User Function
System Function

Now the operator 1s ready to begin entering transactions
and as long as he does not wish to change COMMAND LEVEL, 'ODE
or TRANSACTION, there will be no need to reselect any programn
keys. However, by use of the OCK keys of the TCS521, the oper-
ator will be able to signal the program that he wishes to change
one of the three and he will be permitted to select another
cholice.

Use of the user function transaction will allow the user
to define unique types of operations which can then be accommo-
dated in AFOLDS. The system function transaction has no use
at this date, but it 1s envisioned that as the systemn develops
and commands are required to expand AFOLDS capability this pro-
vision could be used to allow online compile and execution
commands, RJE commands, and the like.

The syntax rules for the transactions commands are reason-
ably simple and take two major forms:

{1) (key) data element identifier/data
data element identifier/data

t9

(

) (key) data eclement identifier
data element identifier

Retrieval will be Base Level Inquiry System (BLIS) re-
auired format and analyzed by the BLIS syntax progranm for
errors. The user function transaction will he pre-defined
by the user so tihat AFJLDS will not prescribe syntax recquire-
ments for the general case. The same is true of the svsten
function transaction except that AFOLDS will define key words
and the required parameters that must be supplied or the de-
fault values if not supplied.
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AT APPPOACH TO DUVELAPTIC A DS THST [ZTHNADILNGY

by: FRANCIS P. SLIWA

ABSTRACT

Tac proliferation of available data manaccrent sywstens (0003)
has corplicated the process of selectinys a 01 foar a particular
arplication. Thents nan test and gelection techmicues enist, the
procedurces for their ar-licatien arc infornal and rore an art than
2 science. Uhls naner woscerines an arnproach that DANC da taciag
to forralize tace test and solectien technicuves into 2 07 Test

ctiindolory. Tt revelves arcund thice arnliction of prosrossively

ciserininatory test weotheds arainst the set of
three ster process. Cae rrocess invoelves use of mwrerical sceridcns
rothinda Haaed on decurentation for stes oe, medelico and sirulation
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L HIES
In recent years the problers of selecting data manacerent softuare

(O'8) "iave increased trerendeusly due to the increase in corrercially

available genceralized (and not so gencralized) data managyencent software

nackages.  The procesa of sclectine the rieht availahle 'S for a

particuloar anrlication is a eorplex, costly and tive consuming tasl,

a tasii vaich often hins resulted in scelection of the wronp NS anvoray,
The problers just bepin after loree outlave of tirce and moncey are

A e .

rade to aceuire and install the sclected 2. The decision usually

PRy

rrae at the first trouble point is to rodify the 7, since a large
investront ans already been rade. The vrocedure is rencoted 'a’ tires
until a meliocre to a pgood svster. evelves, vhica nay no loon like soue
otlicr candidate X7,

vecause thiis prodbler hat occurred all too frenquently, it was decided
that a program rust be started to attenpt to develop a test rethodology
riich Adlr Torce users could utilize to vetter and mere ecoaorically
catehr thedr renuirements it an available D5, It is here we run into
anotlier problen, that of user recuirerents whiich may or may not properly

reflect user needs.  Since this is another waole area of study, it wvas
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by the candidate systers and perfornanee ficures (Lynically sews of
tinine reasurerents) on cach systenis canahilities are collected.  This
tvpe of Lest can be costly and tine ceasvring espocialiy if toe auber
of cmdidate svatems is larpe.  The proprars and dats hases nust be
coavertea Lo the ceding and forrats of cach syoter, lojor dravoachs of
this techriaue are that periornance {ficures for systers may be nislenadine
due to date siructures and prograrciag strateries vaiea poay favor sore
systoms and are ael recnired by the anplicaticn.  Also, beacaark prob-
lers often conracteriLe Lhe existine atnlicating eovironrent, ant U
Jesired envivonrent,

c. rining and Perforrasce Mepsures.  hisoeotoerery of test tools
incleces 211 taose aardrare and sottvare fac Fities oy recors tive nag

(A

nte vritain tae cnirrular syster. Tese toele fotl iste the folloaing
cenerat catevories:

(1) darvd sare neaitors to count nrocessor, chanael and wovicee
activity.

) softrare nenitors to collect systen softvare nocu!lo usag
statistics including elapsce tirge and event tracing.
(2) Journaline to record data base and XS activity.
Those tools arc often available fror computer and indepondent

vengors,  Taey can be used to oollect enormous aircunts of

aat 1t wijch nust
tocn ve analyzed by various tecaniques.  lney inposc varying anounts of

overacad on the svsten with tie least corine {rom hardeore,
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(4) lodeling and 3inulation. Tiis method usually iunvolve:

tic modeling of various modules of systeriz such as storage, data structuriag,
scarca algoritirs, user interfacce and thern using thoesce mouules wita various
corbinatiens of assumned programs and data to sinulate svsten activities.

Joue enarples of this are the FOPIY and PIRS mocdels built by I8 for RALCS

toe Advanced Airborne Coiriand Post Cormputer Perfornaicc liodel, ana the

ST model.  Taese enarples represent a srectrun of model types wiica

L
[
|}
o
]
~J
n
O
s

ic UG functions at one end and total data processing
systers at the otacr. Tals points un the problens of models providing too

(R7al
)

ruch inforratien about a single aspect of a b (TORIT S PORLT) aad pross
gencralitics about the D' function at the other end (MALTICY CM'ry CIYT) .
At this poeint 1 will mention anotacer test metaod widceh is relatea to
07 testing and that i Inlormation Storage and hetricval OSysten: testiag.
Tac prinary tool for IS02 testing ic develeprnent of nelevancy/ikecall ratio.
I wention this Lecause it rnust be investirated [or possivle application to
a U5 Test Methodolory.
APLTNACH
Uitain tae context of the various nethods discussed above, o are
currently iavestiratiug the feasibility of ordering the metheds of
selecting and testing D'fSs into a three sten culling process. Tae
initial step vould invelve the use of the numerical scorin-s of svysters
nrr

usines the PEOS tyne methods.  In a particular application, this could
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climinate all but about five to ten candidate systems wiica could reet the
requirerents. This is still too large a nurmber to physically test in

a tirely and eccononmical manner. ine second step could then use a set ox
creneral fuiactional OIS models "™iich could sirulate the various candicates
and give indirect quantitative puiazlines for selection ol two or taree ]
systens vhiich rmost closely matceh the recuirerents., The taird step would
then congist of urilizine a eonbyination of henchmarl tests, tininrs and
reriorroace reasures to rrovide more nrecise cumtitative indicators for

tiwe final selection procoss,

R

e apecific tas's to we acconmlished te earry cut this culliag precess

U3t ooorin ith oa Jefinition of what cre are trrins ta test. Wals sefial-
tina in aet to e a descrintion of ~Ziat a 00 15 or sTiould Lo, oul rataer
a dencrintion of all toese {unctioas raich could boe includced in oy oo,

Tate i1l 1iely include sene fuactioas hiceh eorruter sciontists 070l

ar;ue are Nt onart of A YY) suc as srecial search functieonns, buboosk
Mr Torce users recudre S functions and toe twst. toeroiore, Do
inclino.,  Unin at-oat in ite entlirety by

PUSERE]
Ul i

sl availna

CHOTANL Synge v voadttee

v

repores anc variouws 77 surveya.

Tue nent 1ncdenl tast isote furthesr bound the problir by wescrioiog

thhoenviveorient in whica a o0 0 ovust orerate, The dopencencics aad

interrelaticaships of each L0 fturction or group of fulcitee . to tae
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acrdware, softuare and opoviatin procedures of the doto precessing

facitity st be defineds T addition Lhe relationshics aroug X0

furciieas 1ra=t be dotined in oruer to iselate the indeeadent rodules

viien crr Lo Locieally Lestoeds A [urther analyais nust be nade to

Jetorttne cavien fuetions of Lois osel are prvsically testable.
Ao ovoralicd exercisce, a conerehensive liat of thie test and meas.ere-

: v

pas b beeilities available in the varieus test and sclection enviroaments
rest be corpiled.  For example, a GHso has an operating system feature
called TRACL, whiich at the option of tiwe user muy collect data about
hosystenn activities dncluling the time of day to 1/74 of a millisccoud.

tie GLCOS5 accounting data is also availavle wita inforration about processor,
ciran:c]l and wevice usape statistics. A sinilar facility exists on 1o
systar 307 iu the System [lanagernient Facilities (5F) optioa. Using S!F
exit facilitiis, dala collection routines caa be inscrted to determine

cact job step’s use of CPU, 1/0 and storage. In addition a number of
corercially avaiiahle measurement products can be acquired for tie 330).
These include ClUL, PP, SAT and othwers. The point to be made about taesc
measurenesrt teools is that tacy all test at a syster level (not at DS level)
axc provuce large volunes of data w.ica way or may not be usceful in the

I arca. ‘ne possivle area of utility in the context of DS testing

could Le the use of thvse date to estoblisih: a noralived reference point

for subscquent tests.  Then, wnoving tiae refercace data and keepiong all
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oty Lainea constaat, Lhe U7 can Lo varied (eoeo, vary dala structures
or svarceh stratesies) and the act chanc s con be ohserved, Tais o type of
test would norral by Lo poerforped onl: ia g reneareh eevironrear or afier
a syster is iocroedled to Limrove cfficiency.

'

Tais list of peasvrorent tools rust then be added to ofher tests

vhich are less dependent on the operating ervirvonvent (c.¢., benchioari
tests) te result in oo conviltation of all availabhle Lot wethods.
The conpiled List of tosts tust then be patehed acoinst the testable

sen .

U fuactions,  Tails iavelves an asalysis of the wecasursbility of tac

varicss conhioctions of D functiens. Then, a propey ordering of tau

test svquence bust be detereined,  Tor cuarple, thwe enceution of acoewntance
type tests hefere nerforsaee and cormarison tests. A procedure to
deternine if a sysicer docn indeed perform all the functions claimod in

Lthe docurencation,  The accortomee tests validate thie operability of the

G functions nac establisy the drorr anantities for a tesl sasc.  The

nerfori ice tests rast Lies b exccetow Lo Goterrin Goeonue ] the functioss

are performed.

An approsch being iavescipated to solve toe problon ol matching tests ;
with [unclions Is to order toc various test techniques according to tiw
tyise oi results thiey produce. For ezavple, beuchirarks produce nard”
relatively easy to usc data, moaitors produce much cata reuiring furtner
manipulation before analysis, aad subjoctive data fron docw:catatios
revicerss may bo labolod as "soit” data. ALL the tests anc 005 Lunctioos
vould then be arrayed in a maltidi ensional matrix to peint oul aveas of

test coverage, overlay, and duplication,
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Aaother arrayed grouning which could be loheled Mcost™” wrould rankt the
cost of each test method., This 2ould include manporer and facilities
costs for:
. Initial startup
. laintenance
. Set-up per measurenent run
. Data Analysis
. Short-tern versus long- tere
Under this acading, we riirht expect te find honchirar®s costs lover for
a onc-nliot annlysis aad sirulation lovrer in cost for exteaded or vepotitive

te

(%]

s,

Ince the U5 functions and teet methods awve hoon grouned in the e

arrays, it ;111 he possinhle to seleet, Doased o roenfroreats ad cost

conatraints, a grourn of test Ltecmi~ues henst suited to aldress the piven

The tas's to thdis vediat rill He Jone in oa seneralized paer fer oa

variety ol arrlication orfentations:, The arr.w [ARDESR T ASIAD ST SN B S

the tonla to bHe included in a tent tehindeloor Lo honl,

Ta it oo’ davelves the develorent of A aveciidic test sceanyioe

usin-~ toe croup: of selected test tochmics, The spoci{lc tosts Loooe
erceuted will tooa b Ligplorerteds A porl of10 Do oo have a set of

utriversal  bencwaris: to facilitate Lovlo ostation aryd transferacsilicy aa

recuce overall cesta,
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To increcase the utility and universality of the test scenarios,
each test and data basce will be run on more than one DiiS., One important
picce of data to be derived from this will be the cost of transferability.

The test scenarios, test results and sarple data bases will becoue
a rart of a data basc to be used in conjunctien with the test selection
and design procedures to form an overall test methodology. Such a
collection of data could preclude the need for sore users to perform sonic
paysical tests and substituting instead the applicable data in the data
base.

SLIULATING AID ODELING

Tae discussion of simulation and modeling has been deferred to the

t is a

.

end becouse, even though it is an area of possible high payoff,
loa~er range goal to assrss the utility of available nieodels and develop
nocessary additional medels.,

Tuo existing sirulation models, SCETT by Comress and the AABICY
Cornuter Terflorrance hodel, simulate a total data processing capability
includinz channel, CPU, perinherals, and softrare modvle opcerations.
Secausce of their scope, they provide rather gross data about data manage-
wnt syston activity. The tyre of detail data required for just IS
test and selection requires a more detailed model implerentatien approaching
the TS and AT type models,  FOUIS and FOPITT ernhasize data structures,

content, phvsicnl data oryanmization, accessine technicues, and physical
3 l - b ] \ . b .
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characterisiics of direct accens devieces, and de -orplrasize operating
system and othier software events. Curreatly, both models are livited
to 157" device characteristics and access techniques.

An anjproach being investipated is to bring thesce nodels to a bigaer
degree of gencrality and supplenent ther witic medels of tae other vasic
D5 functionms,

If the input/outnut data of tiue models can be standarvdized, thc
nodels will be used in several configurations to medel various availablce
I¥5s at a general level. This inforrmation generated by vodel runs will
then Lo used for the second ster ol tie culling process nmentioned earlicr.,

Clany

Tai develoriont effort is in its earl: stapes and 1is velupy presonted
te ae A users arare of its existence and ¢licit thelr corments ou aor
a "% Test lethedology can be tallored to thoeir necds. Ve arce especially
intoerested ir acquiring more user data bases, asrlicatien scenarios and
Ut osirulation vedels.,

Througl.out this parcer, the tern Uevaluatien aas been avoided.  Fails
s oooen dere becaude evaluation assanies an understaanding ol user reguive-
peats and an abilitr to Lo julonents aboul a particular systen's asility
to et Lo receircients. A general test methodolony caanol presuice to
mane these judim oot bhul merely prevides svificient data, aind woethods for

analyzing theso doto, to assist a user in selectine the best 5 for ais

arrlicatinn.
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ABSTRACT

RADC's involvement in data management has led to a number of data
management testing activities. A series of environmental tests were
conducted on a data management system known as ADVISOR which has been
implemented at RADC and U.S. Air Force Data Services on their lloneywell
GE/635 computers. A description of the Advisor data management system is
given and the following four areas of the test procedures are emphasized
in this paper:

1. Original strategies for testing

2. Problems encountered

3. Results

4. Recommendations for future testing

KEYWORDS

DMS testing, software testing, simulation, performance measurement




INTRODUCTION

The Rome Air Development (:nter has been involved in many aspects of data
management for the Air Force. One of these aspects has been testing and
cvaluating various data management systems on the Honeywell GE/635 computer.
As part of this testing activity, RADC worked with ESD, AFALS, and Mitre
personnel to provide a data management capability to the Air Force fbata Services
Center. It was decided that an interim system would be sclected to assist in
their immediate Jdata handling and data management problems  This approach pro-
vided the time for the Data Services Center to study in greater detail all
potential syst:ias that amight meet their long-range problems.

Advisor, a data management system developed for the National Acrorautics

LN

and Space udministration {5A5i), wus chosen as the interim system for Data

(Ve

crvices.  [here were two main reasons for choosing Advisor. First, it
IXocutes on the loneywell GI/635 computer system which both RADC and Uata Services
Seco-d, Advisor was available at relatively little cost to the Air Force.,
RADC's initial testing of Advisor began after copiss of the system were
obta:n2d on tape and brought to RADC for implementation. Advisor was then run
ont the loueywoll GU/635 syotom a2 ctrictly Latcl cavireonment for a period
of thro2 months, 1t soon became apparcat that ecasicr accessibility to the system

stould he provided to the user. It was decided to accomplish this by imple-

=]
o
o3
[ad
—
M
15}
2l

he query huilding portion of the Advisor system as a sub-system under
the L0058 ime Sharing System. After this was implemeated, RADC proceeded to
covluct 1 scerios of eavironmental tests to determine the impact Advisor would
hav. on th GLLOS opeorating system and how various advisor uscrs would beo
affocte? within toe GLI0s environment,
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BACKGROUND

A brief history of Advisor's background is needed to fully understand the
system. Advisor's framework lies in three distinct data management application
programs (IMS, AMIRS, and MAIDS). 1IMS consisted of a data edit module, a file
management nodule, an extract (search) module, a sorting module, a computer
module, and a report generator. AMIRS was basically a batch processing file
generator that enables a user to build files of data and define them by
means of a dictionary. MAIDS was an on-line visual display system that
complements and works closely with the other programs, yet can still be thought
of as a distinct data management system. Lach of these distinct data management
application programs was molded together under a common main control program.
Rather than designing and developing a completely new information management
system, Advisor thus, evolved as an outgrowth of these earlier systems.

What does all of this mean in terms of actual system usage? Briefly, this
development of Advisor has produced a highly interactive, easy to use
system with a wid