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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 sponsorship 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.

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 the 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 t'2n 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 reasons 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. The) 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-pcrformance 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-command 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 DOD 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.
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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 uzers 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 their
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 largexy 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 addition 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 more efficiently and effectively when it is included
as part of the operating systew.

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 designers 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 syztem. 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 wcs built, called ETF, was an
experimental system and was not intended for operational use, although
ýt 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 respects, this system was com-
parable in capabilities and performance to some that are being marketed
frday. 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 rvutines
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 the 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.
The MRI Inc. System 2000, Cambridge Computer Associates CCA104 System
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 wnich were fairly simple batch processing
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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
that 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 in current operating systems. The most important of thesc
is physical file access methods. It is 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 submission 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 OS 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 been implemented originally under GECOS II, which had no time-
sharing subsystem. The system, howev'er, was intended to support
multiple on-line terminals. The implementors were naturally forced
tn develop a sub-monitor of their own since GECOS II provided no
support for subsystems 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 guarantee adequate
response times to ADVISOR terminals. At the time the ADVISOR system
was selected for installation at AF/ACS, GECOS III with its time-
sharing subsystem had become available, and it was decided to modify
the ADVISOR system to run under time-sharing.

The modifications to the system resulted in su!sautial 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 woiild
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 Continue?

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 tequired, and the size of the market perceived
for these by suppliers of operating systems. The usefulness of
additional components for use in constructing daca management systems
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 article' 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-
turally within the operating system. At a general level, the increase
in the amount of formatted file pirocessing 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?

fihe 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 system.
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, are concerned
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



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..I 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 mcst 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 direczory
services provided 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

11



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 "next" record or records whose
contents meet the criteria specified in the ca 1l. The specific
physical access methods used within the operatng 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 Structur-s

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 moving 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 onl which a data manage-
ment system canl be constructed, but also to the applictat ion programmer
as a basic extension of his programming- language.
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'Ir il OXC~li~l tL Ol 111 iivll, hiighier priority tasks.
Currn SvSOg esmuISt he imprOVed 1us1nt lI in tis;
.1cc a to Meet tile nee0ds of dati amana;ge'ment SvS tkems. Anl add i t. 1 ma I

imprvcmet tos-;steniis whii ch would belle Fit no0t onliv dlat a
ililgemeiltS NILIes u all uisers of timie-sharing is that o f reent rant

pr a- 1X1SuLPpor01-t . l ;Ia datI MAniizenCient svt eSLm Lurl ronmenTL'It there is
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Lt'll simul tailCOUS kin- Iline usersI_, it is very I ikelyv that more thian
one Of t tllill is- Mrnil , tsof tilie quo irv kvanguage~ trans later. 'Ihli is
i-s a situation Wherel- recIt rant programs can provide aI siglnificaint
S ;tiVIng ili core S pace reqil i red .Inltli OC 0Crat ion 0f some en i-rent. dat a
ma~nagemnent SvSteniS Onl IBM 3o1) equipment, , it is always d 1st ressilug to
he forced to maintain a separlate copy, of thit, dat~a mlianagement. systemi
ill COr, for eaIch syst em user. The el eC~t \'e use;L of -reeiit ranit programs
rnniillg inl a t inme-siiaringý environment can ei in iinate much of thliis probleml.

15



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
designers,implementors, and users of data management systems, since
the central objective of a secure facility is protection of file data
from unauthorized or accidental disclosure. Like all other functions
discussed in this section, a majority of 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 is 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 becausa the 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. In 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 duplical.e (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 original 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 management 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. In 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 of supporting very complex processing. Occasionally, this
type of processing is necessary. However, in any data management
system with a unique file structure, 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
capabilities 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.

CONCLUS IONS

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 cf 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

minagement a naturally available tool within any data processing
facility rather than a separite, 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



REFERENCES

1. A. Pantages, R. B. Frost, "IBM: Changes at the Top" Datamation
Vol. 17, No. 21, November 1, 1971, pp. 26-28.

2. M. Schatzoff, R. Tsao, R. Wiig, "An Experimental Comparison of
Time-Sharing and Batch Processing", Communications of the ACM,
May 1967.

3. H. Sackman, W. J. Erikson, E. E. Grant, "Exploratory Experimental
Studies Comparing Online and Offline Programming Performance",

Communications of the ACM, January 1968.

17



BIBLIOGRAPHY

System Development Corporation, DS/2 Users Manual, Santa Monica,
California, 1970.

Computer Corporation of America, Technical Reference Manual, Series
100, Information Retrieval Software Systems, Models: 102, 104,
Cambridge, Massachusetts, October 1, 1970.

TRW Systems Group, GIM System Summary, TRW Document No. 3181-A,
Revision 01, Redondo Beach, California, 15 August 1969.

IBM Federal Systems Division, System/360 Formatted File System (NIPS),
Vol. 1-VIII, 30 September 1969.

National Aeronautics and Space Administration, MA001-013-1, ADVISOR
MSF-DPS Familiarization Manual, Washington, D. C., January 1970.

IBM Corporation, GH20-0765-l, Information Management System/360,
Version 2 General Information Manual, 1971.

Cincom Systems, Incorporated, TOTAL - the Data Base Management System,
Reference Manual, Edition II, Version 1, 1971.

Informatics Inc., Document No. SP-70-810-200, MARK IV File Management
System, 1970.

MRI Systems Corpration, Document No. RM S2K 2.1, System 2000
Reference Manual, 15 July 1971.

Infodata Systems Inc., Inquire Technical Summary, April 1970.

IBM Corporation, Document No. GC26-3746-0, IBM System/360 Operating
System Data Management Services, January 1971.

Connolly, J. T., Operational Considerations in the Use of Data
Management Systems, The MITRE Corporation, Bedford, Massachusetts,
(to be published)

CODASYL Systems Committee, Feature Analysis of Generalized Data Base
Management Systems, Association for Computing Machinery, New York,
New York, April 1971.

CODASYL, Data Base Task Group Report to the CODASYL Programming
Language Committee, Association for Computing Machinery, New York,
New York, April 1971.

18



LEAF Personnel Data Base Management System

Thomas H. Lee, Major, UEAF
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 IN-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 IWRDS AND PHRASES: system design, data management, data base
management, personnel data system, file binding, file structures,
system evaluation, data use accounting, system simulation, performance
evaluation, data administrator.

INTWDUCTION

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 System (APDS). A I1S 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 o, 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 EMS 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 IMS 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 conmuander 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 man- eras of data processing still exist. The
newest system, the base level military personnel system (BLMPS), is a
terminal and disk-olfient-ed sys-tem. 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
(MMCOM's) and the Military Personnel Center via Automatic Digital Network
(ALUTODIN). At the MMJCCM 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 data
flow is primarily from base to MAXCOM 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,C'fl 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
replaced 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.



The Advanced Personnel Data System (APDS) [41 has been designed to
fulfill the following general personnel management objectives:

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

2. Centralized Personnel Management: Thie 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 Management: The capability to predict, plan and manage
future events through the employment of advanced modeling and simulation
techniques with accurate and timely data.

4. Personalized Management: The capability to provide individualized
career development and guidance to all active duty military personnel.

tinder 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, NtAJCOM's 200 for officers -
200 for airmen, and the MPC 4687 for officers - 2985 for airmen.

These nunbers 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 D[S will be specifically Quited 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 boundary of the "DW."
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 terminology "data management system" is most often used in relation
to integrated databases. It implies services directed toward the
organization and manipulation of data that is used throughout a system.
Effectively, UM 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 [M will primarily be designed so that system continuity can be
maintained with a minimum of effort. It will also be designed to
permit more responsive adaptation to changing functional requirements.
The following narrative defines the relationship between data management
and a INS 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 to 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. Permit 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
computer 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 information 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 terms,
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 114S? 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 DMS. User control which includes
resource use accounting, priority and access privilege monitoring is
another marginal function. This is viewed as a joint function of the
operating system, terminal handler and IDMS. Job control is definitely
in the operating system's realm, but job libarary and directory mainte-
nance may be a LW function.

The scope of the APDS DCS will be 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 114-1 (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 D1N-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-l system. However, we hope
to use many of the concepts from 11-1 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 formal
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 1tM-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 siz.e of APDS. To
support the Data Manager, an administrative-data management system is
necessary. For this function during our design and development work,
we have looked at MADPS [3l 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-l would not be a viable system in our time
frame and that totally building one in-house was not practical in terms
of manpower and time, we looked to the computer vendors for some capabilities.
Both WW•NCS 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
CODASYL 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.



The IEM 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 external data source.

(2) The creation of all associated 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.



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
I/O 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 conummications 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 number
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 terminal of submission (if appropriate) and a line printer at the
computer central site.

(b) Optional limit 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 to device capability
or default to system output format of columnar form with appropriate
headings.

(4) Save a syntactically correct query request and to

subsequently execute it on demand.

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

Armed 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 WV40CS. We feel a comprehensive
evaluation of all DNS 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 £143. 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 DNS which grew out of the original DM-l
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 airman
systems and whatever vendor supplied Di 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.S.

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 data
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.



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 basically one level of hierarchy allowed accessing to remain
straight fornard. 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 DIM-1 sense), i.e., a transfor-
mation from the physical structure to the formal structure.

The physical !.tncture 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 ,20, 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 for Project 2.5 to determine 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 [UMS
functions necessary to support it. Based tpon the approach we have taken
in design, EMS evaluation can be cateogiriZed into three separate approaches.



The first approach is shopping for an existing system. Off-the-shelf
self-contained [1.S'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 base 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 optimize
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 114-1. 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 UM functions individually.

The second approach is directed toward an analysis of vendor furnished
UM 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 DNS 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 information system have a majority of
characteristics in common. Each. however, has some unique attributes.
The generalized EM 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
si:es 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.
Adverti:ed 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 [W functions necessary for a particular
data system. This approach uses the tools of analysis, modeling and

30



simulation as we used them in Project 2.S and expanded to cover all
11. functions. This level of evaluation focuses on the details of
D14S functions. Hence, as techniques are combined to form a 114S
function, the composit must be evaluated to validate it as a complete
function. A function by function analysis then is made for the entire
116S. The problem of validating models and simulations adds an additional
expense to the evaluation process. Also when hardware is unknowm, 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 14MS functions
are not available in this environment, 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 t h e 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.,
W'WMCCS 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

.31



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
hardware representation can be used for the comparative evaluation.
Using siimulation 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 statistical 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) tines for sort, merge or search
operations based upon a particular technique [i]. The solution 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 rilated 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
DW 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 %eight, you can determine the expected performance. The
same situation is true in using a D•S. For exaii•-e, a hypothetical
chart might provide expected storage requirements, load/generation
time and average access time given the file characteristics (record
size, number of fields, etc) some indicator of value 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 to 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 response 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 IMS evaluation, particularly interesting
to us, is now at a stage where meaningful research needs to be performed.
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Air Force Cnline D)ata System (AF)LDS)

by
Mlajor Robert A. Yorks

Captain Cecil E. lartin
Air Force Data Systems Design Center

Gunter AFB, AL

I. ff ISTORY

A. Background

The advent of the Base Level Data Auto::ation Standard-
ization Progr am (BLDASP) computer, Burroughs 3500 (B3500), into
the Air Force gave the base environnent its first opportunity
to use a third generation online system. W•ith this type of
computer, all functional areas were able to receive real tine
response by sharing the same computer. The Base Level Miitarv
Personnel System (BL:,IPS) was the first of real time syvstem,1s to
be i!:lpleitented followed by Accountin'g 6 Finance and Base }in-i-
necrino Automated Mýanagement Systems (BE'AMIS). In the future;
Civilian Personnel Manag¶ement inform:.ation System (C!'PI1S) and
'laintenance :lanagem:,ent Information and (Control S'•ystem ("'I.11)
will be implemented. MIoreover, other systens are in the plan-
nin; staý,es.

A real time system on the B-3500 comiputer reqtUires three
2:iajor types of programs. First, the real tim:e systen needs a
maister control program: LMICP) with a data communication option.
Second, the real time system needs an Air Force provided data
communication handler (DCII) progra:, to serve as the inter face
between the remotes and the functional system analyzer (FSA)
program)s. Third, -i needs an FSA which per forms the processing
of messages for eacn functional area with an online requi rement.

In the current environment, the DCHI receives a mes sage
fro:m a remote terminal which is located in a functional aIrea
and requests the '!CP to roll the associated functional FS.'. into
core. Then the i)CiI passes the message to the FSA. The USA
then calls the appropriate overlay for processing; the :.,essage.
After the ;nessa,ýe is processed, the output response is sent
back to the terminal via the I)C'1 and IU'.

B . IProblemi

The problem in the current real time environment is one
which results from the core configuration o! the lDurroug4hs B355,)
and the number of I (,As and hatchl pro. rams ' which are to he run
together. At a normal B -level base; the B3500 has 150 KBs of
core. The real time processing mode would necessitate that the
resident portion of the MCtF, the DCIIC, and at least one hatch
progra:;i be in core. Because of this, only two FSAs , each 3,B,
can ae -Cesideat at any one time, but most oases have three o!
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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 1CI!
receives an input message for FSA 3, the DCII requests that the
:.MCP "roll out" either FSA 1 or FSA 2 and 'roll in' FSA 3. This
rolling in and out of 32KB 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 hein".
Because of the smaller core at A-level bases, the problem is
compounded. Thus, if the current condition were permitted to
exist, there would be either a degradation of response tine or
a co!ntinual request for expensive cnre increases.

C. Probleiem Analysis

An analysis of the current environment did in fact
show., that an increase in overhead time results with an i ncreasO
in the number of FSAs. How'ever, the analys is revealed an addi -
tional factor which led to the concept of A\FOLP.S . !t was that
tnere is a great deal of similarity in processin- among !S.
programs. These similarities were ini data ianagjeiaien t functIons.
That is, each Fi.,\ reads and w.,rites files, receives and trans-
mi ts data to and fromý, the PCICI. :\dd tionallv each F:..A :ipdates
files, albeit using differing edit criteria, processes inpirir s
(infor::mation requests fron a single record) on a real t i,.e as,
and produced both reports and retrievals (in formation re Oue sts
froi many records) on a delayed or hatch basis. The resnilts 0"
t:lis analysis and m::any other factors contributed to the decision
to develop AFPL'P'S.

Ii. CONCEPTS

,. I�ntroduction

A:OL1)S is a general data :ulnazei:ient system:i !or the
B83S00. It contains two maj or onl Ile pro1 ram::s rem:ote 0oh cowl-
i:municator (R)JC) and task processor

The "..C is core resident and ý,ill replace the lCnrrnt
DCI. It will perform:: all functilons now performed hy the N1!1
In addition, it will :mionitor high speed and rem~ote .hi entrmy
(:J1E) hardware.

The task processor will replace all '.:tAs. 't cllta ,ns
co:meon routines which have been .ene ral ze U for ase ,I nit;le
functional elements. It will treat a \varietv of "i Ic e1r-wi -
zat~ons that are totally iindependent of file st ructil re at ,a ta
element level . Diepend ing ulpoi1 actllma1 wer kload aIlld coI'e s ;e,
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techn'iques associated with themi are different. A sign if icant
paint about AiN)LDS is that, even though it has mast features
(la ta independence f rom prog'ram code) of' data mngmn
system's, it has san-e which are unique. Spec ifi cally', .AFIWLI)S-
has a fo rmalizied D~ta Des cript ion language (DXI) and a Dat a
Update 1`dit auace(DUL.L) capabil ity.

PAID is a non-procedural problem oriented lnug
i~hich gives ArI'LI)S its program data base independlence capa -
hiliity . Dat a prog ran independence means that the des cr1iption
olf the dat a i s not e ihiedd ed w&i th in pr og ram c ode . 1)I 1)epend i n;,_
up on the de ree W indoendence, programs cani a cc an d ate
vary ing degrees ofI changes in definition and Structure a!-
that data without being modi fied 0or recompiled In \fL !)<2
a. fuInc ti anal a rca uIse r can change his dat a Structure 1 i thou t
chaangi ng A V)LDS programs. This is dlone hy the uiser reg"C'eny-
at ing file and data descriptions using DAD) statements.

fhe DAD translator reads a source declk of ca rds- con -
tai~ni ng DA.D s tatements . From these s ta tements , detailed
descriptions at a users data base is generated on disk. 0 ~n
programis are processecd against the data base, they use the
genervated descript ions in the same manifer in 11h10c1 one uses
a di ct ionary, i *e., each data item descri pt ion is looked up
to dotermine what it is and its loca t ion. Based on the me !er
enced, description, the necessary act ions, such as editing, are
per !,ormed on the data i tem.

DULL is a non-procedural prob le!. oriented lnug
used to describe apr type of edit "or indiv idual or groups o'
data elements to .\W)LDS . The languvage is in dec is ion log ic
table farinat. It is easy to understtand and use.

The DULL translator reads the decision tables fnran
cards and translates then to a code on disk . Th is code is
inte rprmeted when the task processor needs to el it dhat elements
he!tore they are updated.

ith DULL, and PAD) as SumNl!a m i :e d above, .X!QJ. It is a
dat a nanagemient vsysten wh ich is 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:

'ISG (to send a message to another terminal or the SPO)

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 B35OO
library)

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

DELINK (reverse of LINK)

USERS (response is last name and terminal TD of others
in the system)

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

START (to request initiation of pseudo-remote AUT'I)!N, 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. However, he will be le
to freely change from one level to another and back upon demand.
Once at the MONITOR level he must choose, by actuation of a pro-
gram key, the following in order: (1) MO1E, (2) T S.\NSCT I'ONN.
lie may choose one of these M.!ODES:

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 approx-aately
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 be so labeled on
the program keys:

Update

inquiry

Retrieval

Create

Delete

User Function

System Function

Now the operator is ready to begin entering transactions
and as long as he does not wish to change C'),.I\AN1) LEVEL, :!,-)D]"
or TRIANSACTION, there will be no need to reselect any pro-,ra
keys. However, by use of the OCK keys of the TCS21, 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
ch o ice.

Use of the user function transaction will allow the user
to define unique types of operations which can then be acco:'imo-
dated in AFOLDS. The system function transaction has no use
at this date, but it is envisioned that as the system develops
and commands are required to expand AFOLDS capabilit\ this pro-
vision could be used to allow online compile and execution
co:miands, RJE commands, and the like.

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

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

(2) (key) data element identifier
data element identifier

:Ketrieval will he Base Level Inquiry System (IL]S) re-
quired fornat and analyzed by the BLI, syntax prograim for
errors. The user function transaction will be pre-defined
by the user so that AFOLDS will not prescribe syntax requiire-
ments for the general case. The same is true of the svste:,2
funct ion transaction except that AIOLIiS will define k,-ey words
and the required parameters that must be supplied or the de-
fault values if not supplied.
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In recent yea-rs the. problolrs of selectinf- danta i-vinv'ct cnt soft'~'arc

(') Ir.Ve iTncrc,)asc treIrn'Inoour; y !tic to the iincrc.aore i.1 COTrrvrcially

aval ale enora].i zed (and not so generali zed) da-ta ITa'I.lICP0cnt soft,.,,-re

?naC:, ages. The p~rocess, of rselecti-ir tie ri-'>t avi beV2for a

iurticul:!r a'--Iic:Itio! iS, a crv'nlex COiLv Ic tie F Cconsuri] flg tas":,

a tar;.: ' 'uc) often 1a'ic resu.iltecI in se jectin n of tie xro:vD1 a': ay.

Thie proW Ierri juf-t b'naftor loIrpe ouit I m' of tiI; e ans r ne':, are

TadC to n-Ce~re, r n': 1 j11 t.-I I t IC32le ce :31)7CO'. Thje d(.Cci 510:j Uý3ital

-ire t tie firrst trou!bJ Ic mof t in; to rýodI f',' the''" sii~cc aI la1rge

invert Li it ia ara een. i--a'e. 'C'I( i~roccdtire iý :Iii" enL( ireCS

until ;; me-,iocre to a good Sy-'stc:, eve iVer;, T1.1%C, 110 r'ic>Ii SOle;

ot'ier candid:ia~te '

~Jec1I:t thn pc))i! I'- occuirred all too frenuent~ly, it ,:,is ucd~ci'e

tmIat a prcoýra-r, r'unt ice startedý to attc; ptL to devolopý a tc'; t ie t:icodolo,-,

a'1i ch Air Yoc sr auduii.z to aectter andI more cccaI)Iioicallv

*2:atc., t ic.i~r rcpuirer.iciits '1 U an availablec 1)"') It is fire .!o run into

anIo t':r rolethat-I of us r rccuiiireireonts w0ci ch lan; or irýnv not properly

ref -ce usr 000(5ý; Sinace Lb iin i:;, anaL her w~yide area- of : tiulv, it w.as

41



S-Id L .,-. J1j'1~ 1. L La. io,: i. .J. 1,iL I: 6i' C!b

t, 1--I h 0;h tatJ1 .)1, .; L I !Luac., i.; , J Lcat [L i' i kip .:;i w , L.. \/iA I i Li..

L_ L: L,. I IIm C

Sol 0 a _ir: L ~ o w L;, .AL iic: .ar' al .. aC.11! 1 8. IL )'1 ill;' L] I i sLf t

1:; 1. LP. ZI :, ul rro I. I-;It.

L u V- L eaL- o ti ., a r. .u lI .. I'Y';Lcl Lc lI t ,I I_

I )V il 1,k.1.I - 10 y ") CýI IIa () C 'L ý 'ý t :42Z~



'ý' L: ' IlI( ;'; ,' wit pcr t~r:-l"V ', fi: ;Uri ; (Ly:,tI) l 31'. Of

r.a' rct)on C~cic; sya;Li'ý' •, can:mhi )iltic- ar(' 011 10LC(L. TI i

Lv.( Of L'; t Cal) 5c cos-0iy ali(':,L1.c 'ro~: i''c.l~Jf ti'c ;iu h'r

oF- c-mic'I.itr C ~va Lcms i:s la cpT pro' mr~i:s :101 dat ;)~eat !;1rt SC

Coilvert,- o LIO the co0 i op :mC' iorlit.'t; Of aC2I'i ':'. ao(rr.)jc o f

tlis tC'Coý'Iilue arcý thajt pc~o~ncfi'gure.:; for i:It'ay be udiaklAd '.

due to 6ato -a rvuet irc,3 ant-ro ai~ jr str~atc'i;,s r!'iin ra u, I fa-ivor so c'i

svS t C-" alt. art. not req i~ire-1 b)y ire a~pIi cat iion Al s 0, `!wn e- rkr, p) rob.

l'sof Len c'rraict -Ti -L, L'ic exi !;Li!-'- au-!,I c-;Li -I i 'veo,, t not ;1) to

t-'; i r 2. 1, v Iroiv- -L, nt

C . alni i' 10 I'r fcNrt n, i('O ; -7O; u rf C:)t o2l I. o f t -z t t.o'' I'

caei' I lo tiio-'v' nnrd-arc au(d !-oý t'*'art fic ' I L tio 'o recorý. ti-t,

c 0 ''-t'z''iLl t'it CnrI-rIIL-r ,'tC :1;.too'-- f.otl i'to tC1, li'.ia

r'( ct Y , cit k*- or i i-i

(1) ti-rd (II' ! (''.t LOP L() cou, t Truv r'r c'f -,! I z): I Vt C7'

'. o %f I , 1xini Urs to collecct Sys tea, Sof cWart- LA,o G~ L ,Z.

StrutL i c'; L joeiil Lil i :.j, elapscue tiiuc wit. ei%**:L tracirl

(3) Jour ii in"Jl to rt'cora diaL b;ioa a~id DIS activity.

Tiik Lutoos ar( of-tt;%a w.ai lab Ic fro: Cci;tputcr niud iucr~

ye,,u 'mr s . ic'w.''; cani 1., u-s cc' to 1. 1 I.Lce enormous at; u'Pt LaOf 6li.- wi r:uus t

t;)(-:i bec anal.YZLed by Various 4L,(1w'('1' ue:; 'Incy ir;*u :va ryi; tip,;o~(unL:, of

oveni..c;ac on tbcL svs tc~rt; *-i Lh tic e-u coti jic, fro!-: hard-'.' uc-
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(4) Jol~ and 3iinulation. Tiiis imethiod usually involve.

the moc~clia.< of various mo~lulcs; of sy.-ter;ý su,.ch a,-- storaige, diata structuring,

soarchi algoriL.tar-s., use-r interface anU, tiier. using t'ieso mocules wi La various

comblinations ofasu:e progra-,.-s and. data to simulate srse:activities.

-~r~ e:a~pesof thiis are the F~L'andFiJ'2 odl ui t b- fL; for AC

tiie Advanced' Airborne Com .--aldl Pon-t COnp.,-ute' I~efr one ucnle t~ie

;r::f toeI.ihiosc ez.ar'ples rerresei-t a sT'ectru-, of imou~ci ty:,,,s':c

sJ'Ulatec SpccfiC Fic )" functions at onie cnrW an(: total uata procc:;.uii-,r

s'zs tei:s at Cie other. fhspointi un tCie roIcn;oi mnodl:,ý; providliný, to'ý

rnue;. inforratieri a'2jut a s!yeaspect of a W (P:. PU)and rs

gcnerali tier; ahnut the, D"", functi on at the other en i. CU CU, IiT

At thiAn point I '2;l 11 nenti 0:1 afct'.icr te;t mctha.1, WAile iý; rciaLe2i- tL

1)' en i~a.i( an tat i: nfrato Stcraý-c anc: i;,Lricvzl h'yS teln testil.d.

7. , ri::~arx tool for I~. e ifiC' ec, p.m Of tdcevalcvJ -IP~eall ratio.

I i.wn:tioii th>;-, becaustl it r.Iust beivetdae for poszjfinie appli catlion to

'itLiiin thei context of the variou'; me~thnoen (;lscussceU above, '10 are

currcnitlh' in.vesti',ati-,p. the fceanih)ili y oF or~eriin! t'ic me1.tICIeS of

selc-ctin' and tea tin,- P'¶ýs into a thrce ste.) cullling'. proces;s. "1'ao,

mi-tiai stcm',-oul"' invollve the uf-,e of thec nu:neri cal senrin'- of s.nt~:

""I.S the,,r:'; tv-e~ netho('h; .In a1 particular appli cation, thliS could
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elir-inate all 'but about five to tea candidate systemis !!Iiicbi couldI reet t>IC

roquirei, eats. Tlois is still too large. a nur~er to physicallv test ioi

a ti!-elv and economical -manner. iiiu second step could theon use a set ci

gener.al fu:iction~-fl T)", lidl c'hic could sjFul.ate ti-c variou- a Vae

ami( give indirect quanti tit ive -uiui-Aincs for selection o.' t-;'o or Ltireo

SYFster,,s '.,:icll rnot clo-ely matcl, t>ý recuirerents. Thew thiird ste:ý -!ouhI'

Li en cona2L.[ t of utilizing- a corhý-ination of hcenclhnar'.z test--, tin(, ;

nurt"orr 2:ice r'asure:- to T-roviuc, ,-orc nrecif-r ,'i1rltit~ntiv-:e-tr for

iC -peci YiLc A to '-e aco-1 dLo c.-irr-, out ti- i culii:i-'~rc

:u-;t c i ,1I a :cri- itic of -..uart -.,( are Lr-ila': L.-) Lent. .i C .U

L1rjj *7 j o t to ýi a :c-,crin~tio.i of*7v a .j":1i or .~I~ 9 , u; r.nta~cr

aI oFn C- LnO 1 sl t.-AC rI' ICt;0Inan '.'.IiC, C01uld heL inclCU,:c'. i'1 .-X.'

1;i~ 'n "J il:l'! i~nclu1' no:e u~ctir,17 -- iic; co- --- ,ter LLA'1

ar.-_c nre ;Výt nat ! .;,,. :is- eci - -7oarc ucLC;,ni s

ir '''roe un'r,; ro-t;r :. FII!ýLin:-.-n "a . u-L.tr o

ccl C: . :; < L'; -c;~o~~eo '-. '; t 1 I;~c:2>'-*re L' )y:

L; II; -' a'aii: 'C douca;SUC.;ast US ~ 1".'. i-it~tCe

r~j4orL.' a'!n. vani ...... survey

~~~- 1 c½ i cl ta.: I to furchc aunC the pel;o eci~

L- x r ai-,L i:; wICea a L.A;x o',erate . TI'hc a 1' I-i"I; ; I,",; a.!ý

i;.Lrrelt eahigsof ec' f:iu:'eL Ion or grou;, of u.;c e.. At
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I ;C -.' nI:;u L )c (!(,I i . ' a& itn' L'ii relIat Ii owSi-s av.o!,4' 0'

"I I C!i 'i 1, i I y Lc' ; L(,t~.2L k14 It 1er au!;l V;i; S A.",L !'A C:.id tC

17 t : Lt~' L' zi V e re p. 5c aIly tci-;tn') e.

:1- n r; le eri:c a C(' le ': c i'4L of L~'e test am: ineasi.re-

i i Cil itici; avl;nl 1 to, various L,!st a.-( selection eliviroamnflts

i~i-.sL bc con pijedi. For ex.':,ar 1c, a Gý- i-' 1i-v a-., operatimr, syS tem feature

calleui V'ACL, ui aL t~ic aitLi(n Of tia userl M:-:y cllIC~t datLa about

I. yste;: aCtivJL.ties inciu,'iing the,- time' of day to 1/'It of a tlisUCCGiIAA.

ijicý G.X(Y. aCcoultiiL.; dj~a i :; als;o availahile Wi Li ilifori-at~ioli about processor,

c'z'.: asi,' 6cvi cu u:saie sttstc.A si-ilar faici~iit e),.i:,t. on Id,;*

SystLI! 3t-*: ii; the-- Sys tel; Ila;agement. Facilities ('; ") option. Using; 5T

exit fac iiiLii :-- , dataj collectioa routine~s cani bc inserted to detcrmi-ne

eacai joh) step's; uts; of C"'b, I/() anc] storage:. In add-iftion a nuriocr ol

Col.., er ci "lly avaif'I ohi measureiment prot.'ucts ca:1 be acquired for the 3()

Tieci;ihe', lui l iL, l'PE., SA' a~id otlters. Tfoe psi :'t to be made ab.out thle.a

l~es'Ae:(Ltools 1:; t;iat t.ICy 'Ill testL at a sy: Lii lievel (not at D:%; lcvel)

id.Iu PrO'Uuei lnrir volumel(:; of data w~ic;i ma,,y or majy not be use;(ful in thec

D aIZrea. ')fLc 5J :i area of ut~i iLy is! the( Contest. of i)JYS tes tioig

cOUld b(- theW u-, of teedat.a to e-ali>a nori alize6 reference pointL

for S~lL)iLCqueL tc.; ts . I"e: n'1.'Jing t~ic r~fcrL-e'CL data ant! keeping all
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or C,:~c 'I~tei; :). .:11 i: ; c o%'v;rv.'C' '1ILfs tp'! of

tcf; t tP1:ool no;:' Iv i-c trit or;-Q 'cI Ct:; i-i a r s iic'~r8C;~or afILc'r

o y~~ t 'LŽC to ii'''roV(- Cfif-l'iricy.

'r;' ist If i:eiur-'i LoL';; ;u.ti: ca2c'to r tests

,':iiflt art- lc,;-,.- o!;ct~&l i) Cit opt'rati r,,, crvi r olvýeta (C. . ',,, It I c I i:,I ri

Ltsf is3) to Ieul (-;1 I 'o ~I C atrl in:) () allI avai la') It Lit i~c'tniods.

1trot: bY i['L o f L t;S I.:u~ L ici bý: 1)oI. iL,it I L o! t1Ust L.ýitu L CtdLtI

o. n' fI Ic ot; i. 7. s i iV v o . t I!i aI I I .;i s o f L:i c'I i c'. i;!r.-1)i 1 i t y o f L1."c

v:'rit 1' t;' 4-!! i~ (itu; of D.P faucLion; . Tieii1, a1 prioat-r ort~i!of toc

t c, L r, tic'i cc iost; "o- dtri).. It'Or upl t 1v C::(tiUit ot of atisi~

t vp t Ltc'; s 1ie I er( !icrfor: '-c!. .ini o',-r oi e ; A 1rrocedurc to

Get trl-imut if a sy'; tc! doe' i:1( e~i perftirr al Ci th funfct i ous ca :>;

tLýc docUic.s 1- t01,. 'j'"te auc~*t it ;)ee tct;t'; vniIat(' Li 5.',' -¾I! ti iA t' of LCic

!ltrform mitt Lc't, I' il't L wr. X-(tct, to Octervi'i:, I''. L it 1 tc-1ct 10

.src pcrF orm'ecl.

An a;,.ror;ci c'l~ '00t';i L .. t srtl v. L ;c piob It::; ul mat c'ing te.cL i

1 5 nLi:~; i!; Lor orC t ' v:i r ioils Lest tccai -Jq; its ac-cord ii tg to L it

Lc.7ic 01 rcfa lt. L it';'.' irout! 0 Fox: c;-wpl I, but :c'ut m.Lrl - pro£&uce '* ýia t

1 :Liv1y as'j to usc daLta, rm'.iiLors prok'ucc mucaUC.l oat 1cfir; urtscr

ruan ijIu I ation bcforc a:'atlv:s ta, J1(' Sti,t jLctLi Vt data froi. docu...cntat o.i

rcvi(2!.; ma~y bc la!), Lc' ot: wh"t; tC da-.L~. All Li;, tL5LS, a~ic .).~iU:iclLi's:,;

-1ul -'t-1t bc a~rrtycd( ill '1 1111 t idi. C:SsioI;l riAt via to 1ei :A out a;'cas of

tt:; Icrvcraj'l: , ovt'rhjj1', a:)t.. dII;'] icatiti:!.
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Another arrayed, ,rnuTin1- :'Ii cl Could 1)0 l"1.'corit' !~oub! r-1,11 bti

ccs-t of CelC-I test r,-ethloc. Ths''uincludle rnnnovor an,' f~ici iiLi c';

costs for:

*Initiril stirtup

i it e -an cc

*Sct-up, per rncnsurenent rull

*Data Anialysis

S'inr-teni vursut'. L er",

I;:~Jcr tlnis- .'.wdinp , !(2r1' c:n'cCL to fi:'~c'r:cost; i 1'rfor

a one -q~.ot Inilyri a-id sir' ullat ion:- if)ý 'r i:1 cOS- fn) r c.%Luai1c, or rooLit L V

tC7, ts .

')nCC L:ý- f'; tl!!C ti on': ai t-tim tic''> '.'e 0'onI'ou in tc

arr:iy,.3, it -,:i 1.1 Ye po-i',l to sýolect , v'o.n- r:-,''n ye - t-:' c"

co'i." trcil 77Lo,1 a jr."u' of test",L (Cc'!3"1; ,ICs Yw-':t Sul to C to I t 'i I

"ti:1 C, ci ct on(I too1

Ltrsi to0 t:j 1 "&s :' ' :i t C, 0.'1 111a3 t,'nrlfne' ' ~'n r fi

'-7 !:: ': - *~o v . 1... , , i c ;C ,1,, I

.. 10 ('( L '-,c I' ('C ',' tC C5 t.L. Ls L,' :O' :C

eŽ: Cu~tCd \.'1i tin 1 L i;7i ýc c-'tm 0 .•'. A : I 1 ',i. to ivc a "L oj

usiivcr-.i~l benci: ;lr'. tojr-,i fac ts: 1. :-L c :sti-:a iI ~~ .~

rLo6ICc overall1 C(-,r',:.
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uia,;).eLic C tpc.in rcin;Liv.ciy uic;iU ~LŽ.sy: tO.. Irovi(,es Lin .pO7;L

ir~rrc~itcvc.2ýiciu for U,(&r3$n.A=L,'I` Linl' U:'-'Cr .a Sup..~ iSLiCILL>,. Ok-.~riLi-.

C. L;Op-. l ij~iC L Y-; 0,1 il j-

lie LC .7tlyI U:IICCot (a) a,,.,,b aic'O'e S,(ulli j),-oVI- 2iI -i.L

Sjfl LiP Of t:ilt I0tlc, to f-C~i~iLilLL, a S;.CýOL. Lt7L. tLI(l. to t~L,*;-;"

jn i2*',;S tO :- US,, ii tlý 1.'11;!S.. \iI ) ji. 1 0 - i. -j .A./u

Z i.C L,2.S *- s k: ;, . r i c. 1: .i' L~ L, L'¾ L -. L;) r 1.1,

L~. i -. L I'~ )f L- L Ii. . 1:- L L L 0 V it o L' uL.

v.,rx-Ly L) i ,' L ý*) i L ~ L. r i 'L..Li A.,)-,.;io .....

.ia v~r,Lry. oi t!.. 6 LO 6,.LSL- t 1 . ~ ol r 1 .[. A

L L, L, ~ .
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To increase the utility and universality of the test scenarios,

eacht test and danta base will be run on more thann one D~j'. Ono i!,,portant

piece of. data to be derived from thiis will be t~he cost of transferability.

Tuie test scenarios, test results and sarmple data base3 will b)ecoi.;

a part of a data base to be uscLd in conjunction withi the test selection

andý desi ,-n procedures to form anl overall test methodology. Such a

cnllection of data could precludo the need for sore users to perform sorme.

phiysical tests and. suhs)titutinr instead the app)icablIe data inl the data

,I 'TLATlE AA MOD1:ELI::C

T*Iec div;cussion of simulation and( modeclinF hans been deferred to the

end bocause, even tLhouf'li it is an area of possible liih~ payoff , it is a

loa'-.er raange goal to assfes-; the utility of availabile models and devclor

n!cessarv. addi tional miodels.

Two existinry sirulantion mod'els, SCET'T by: Conress and thec AA!WCP,

Cor'nuter Perforrance ýjodel, simiulate a total data proc-:*;sqi s; capabiliity

incWludi-.i- Channel , Gill, perinhecrals , and soft,7are mod)(ule operations;

3ecauser of their scope, they, provide rathier gross data about data1 manage-

nestA 5Y:' tem actiVi t:-. Thn typ~e of detaiil data1 reqiui ret; for jus: DI) S

test and se lecti on requi ros a miore detil led model irrler~entat ion approachin,-

theTic andl PIT"! tvre rio de).ý F-0-7"; and FOPF Th erphs;I data1 !; ruetur,;,

conteit , ph'.'sic.-1 danta- orsini ziti on, accessing- tcchnb'ues , and phyvsical
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cli.aractcrist i C:. of di recL a ccc; de.:, vice.,; anC dc e, p'.as iz:' oy1:cr a L.nq,

ssv;tý-u ass, ot',ci: so~tw-arc event.s. CurrcntlN' , boti ocl arc ii.i ALcd

to I.;- deCViCL c'iaractcens tics auc accu,;!- tcCmirirue:s

Aii ao) r a c' be iisp i nvcs t i;,a tcd i!s to b r isý. t _ iiouc15 Lo a Iii L

dcprce of geuiwr.nli y adsilupli~cient Ctic ',ziL~ t mOL:c i of tic otuer uic

Ir~ fullct i (;1,.

L ie t c n-uL/outn~ut data of thwr modcl!; can sO StaIILar~d/i0u, tLIic

rioels u-jill be u7,edL insov eral coafi.;2uratio-i:; to ndlvarjotis avajialsic

D"7,s at a geiieral lt-vc- . liii] injforirat iioui gc:scraLe(; 1; ,lo;,-l ruu- s. 1

tieS 30o u-SC. for the seco-nd ;;L~Or tsC cull i ui process neici~ionc cearlie~r.

Ti a U P-vt lonTe's tn effort is- in its- eonrl' wiat. sd is; uc isp p rcscilLCcU

to i!'ili i. users awaire of it';. cxi; -LeC!,( a',( elicit, thicir coruestsL,- cru LILY:

le,; I '; teL>1,00) olelop c 1w t -iilonrc to t. a ir neceý; . ýc arc st 0 -a1l

in~r; edir ae';u i na- orenr useor da-ta bis-,anlitu scc~imiio.s a~iu

i..ou'w t'liS' p;!"oe, Lutr eauts s usavoided,.. fais

us su;; )cauS'evaluatii 1 as; a u r;tiiiigOf u.~e r ~uiic

i. a;l.- a;: a~i lit' to fkr':! jllu..:ocsti` assaLi a parti cular ;y:; tci); ai it

to I L in.;,ar-o ccL; Ag~u t L uui-,O(),'auL prc.;u-, C to

L*a.c (t.-; ', Ut i-i.,2-. provi,:.,.; s fic eL d t a i, a. , tod fOr

xil~lyzi-"' C-Is: UA;ts , to a; *o-t- a u scr ina :wliet ine Cie bestL D"' for hi~s

W C'ol La 1 (i
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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 Honeywell

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:

I. Original strategies for testing

2. Problems encountered

3. Results

4. Recommendations for future testing

KEYWORDS

DINS testing, software testing, simulation, performance measurement
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INTRODUCTI ON

Thne Rome Air Development Canter has been involved in many aspects of data

management for the Air Force. One of these aspects has been testing and

-valuating various data management systems on the Honeywell GE/635 computer.

As part of this testing activity, RADC worked with LSD, AFACS, and Mitre

prsa.nnel to provide a data management capability to the Air Force Data Services

Center. It was decided that an interim system would be selected to assist in

their im•mdiate data handling and data management problems This approach pro-

xidel the tine for the Data Services Center to study in greater detail all.

potential sys:,ns that might meet their long-range problems.

A\dvisor, a data management system developed for the National Aeronautics

and Space "dministration w.S.), was chosen as the interim system for Data

5cr-ez. f;,r- •wre tw-o main reasons for choosing Advisor. First, it

.wcutes on th., 'foneywell GE/635 computer system which both RADC and 1Data Services

.. Seco:d, Advisor was available at relatively little cost to the. Air Force.

, ,-%DC's initial testing of Advisor began after copies of the system were

obta:n.ld o- tape and brought to RADC for implementatio7,. Advisor was then run

o '.. o:y, 1 C2/,',3 sy2 t, :ta z .riet1 )- '. . -t. . .rc," ent for a period

of thr.ýe' montl.s. It soon t)ecamc apparent that easier accessibility to the system

D!ould b!. provided to the user. It was decided to accomplish this by imple-

¶enti.;ag th.- query bulding portion of the Advisor system as a sub-system under

'•: ',0S ie 'Saring Sy:4ten.,. After tiis was iMplene1-ated, RAI)C proceeded to

co .-t j •-ries of environrment-ii tcsts to determine the impact Advisor would

a'. i:: :!-;: uOS )pr-it":g system a:n... ;:oh various ..dvZsor users Would be

,ff.,c• . t:T, GC'OS 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). VIS consisted of a data edit module, a file

management module, 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. Each 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 wide variety of capabilities. With few interfacing problems,

a number of user application programs can effectively call upon these

different capabilities. Essentially by combining different DNIS capabilities

which complement each other, Advisor has provided selective and comprehensive

information management capabilities with a minimum amount of reprogramming

necessary for effective usage.

Advisor is primarily written in Common Business Oriented Language (COBOL)

along with some modules in Fortran and GMAP. The modules of Advisor handle data.

These individual modules are used in different combinations to provide a
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complete information management capability. Each module has linking capabilities

to other modules so that they can be used in conjunction with specific programs

to provide a selectivc and comprehensive data management system. The

functional modules of Advisor form a building block system which performs the

normal data manipulation function of an information data management syst-rn.

The original concept of the Advisor system was to provide two separate

but related data management systems under a Common Executive. These two

systems are known as the Direct Access Command Edit (DACE) System and

the Direct Access Data Display System (DADDS) System. The DACE System allov:s

a user to build a query to sequentially search a data file by using a series

of statements with Boolean criteria along with sorting, computing and

printing parameters. A user is given the ability to formulate a comprehensive

on-line interrogation against a data base in this query development mode.

A user may also reformat his description of a file if he determines that

it would be more advantageous to work with a new file definition. The DACE

system also provides a comprehensive set of tutorial assistance messages

which a user may or may not choose to use. Under the computer aided construction

mode (CAI), a user is st--pped through a series of questions and answers

prior to developing his query. An experienced user,however, may by-pass

the tutorial mode and implement his query directly. In addition, DACE

provides a comprehensive set of error diaognostics designed to assist

the user in developing his queries. If a user encounters a syntax or field

error while inputting his query, remedial action may be necessary and

DACE allows a user to correct his mistake interactiv°ely before the query

is executed.
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The DADDS component operates under direct access with a user having

direct interaction with his data. This system essentially works with

a file described in a hierarchial tree structure format with an index

of nodes provided to the user to inform him of data content Pt a given

node. This system is essentially an on-line, highly interactive, and a fast

retrieval system. A user who is thoroughly familiar with his data base

can obtain information very quickly using DADDS. In contrast to the portion

of Advisor which is concerned with retrieving records based on specific

criteria, DADDS is concerned with displaying information directly from

a pre-specified record. DADDS displays the data of a given node in tabular

form depending on how a user has previously described a definition cf this

particular display.

Essentially, RADC is concerned with both VACE and DADDS. it is the

feeling that both of these systems could be made to complement each other

in a useful manner. It is with this intent that RADC decided to explore

the possibility of combining these systems. The following is a complete

description of Advisor emphasizing the DACE and I)ALua subsystems as they

are currently implemented on the Hloneywell/GE 635 computer.

SYSTEM DESCRI PTION

As previously stated, Advisor consists of two main subsystems - DADIJS

and DACE. However, the system as a whole may be divided functionally into

four primary areas.

A. Advisor - Executive - Control - Function

B.. File Mainteinance Function

C. Information - Retrieval - Function (DACE)

D. Data Display Function (DADDS)
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The Advisor Executive Control Function manages the internal resources

of the system. It controls the input of queries, how they are stored and

how they are finally run. It also manages the overlaying of modules

during execution of a batch query. In addition, it monitors multiple

users who can gain access to the system through the Direct Access mode

of GECOS. Finally it controls both the DACE and the DADDS subsystems.

The File Maintenance Function deals with the creation of a dictionary

which describes a data file to Advisor. [he dictionary contains the

data description of files for both DADDS and DACE. The dictionary

includes a standard format for the generation of a report that may be

chosen automatically in a query. These data descriptions can be updated

and maintained easily. Fields may be deleted, added, or modified. In

addition file maintenance of a Security File is also provided. This file

limits users access to only those data files that they have permission

to query. This permission is described during the development of the

Secutity File.

The information retrieval function supports the main function

of the DACE Software package. A query building portion of this function,

known as Aids, operates under the GECOS Time Sharing system. [he batch

portion operates within the normal GECOS programming restraints of any batch

program.

A user develops his query by interacting through the Aid system as a

GECOS Time Sharing user. Thio system was placed under time sharing to allow

rapid access by all users at any time. In addition to this rapid ac~ess,

time-sharing allows a query" to be built, saved, and finally executed from

a users terminal.
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There are presently two modes of operation under the Advisor Time

Sharing system: The Query and Expert Modes.

The Query mode contains tutorial assistance which provides detailed

instructions for the development of a query by a relatively unsophisticated

user. It also provides an overview of the whole system operation in a

tutorial manner. The Expert mode is for a user who is already familiar with

thc system, and it allows him to rapidly input a query and execute it.

A completed query once accepted can then be placed in the system

in either of two ways. One way is to place it in what is known as the

batch collector file. 'Tere, all the saved queries will be batched together

and run at a later time. This feature allows queries that are to be

executed against large data bases to be run during a period when computer

resource demands have diminished on the operating system. The other, a priority

run, is the immediate execution of a query in the batch world with other GECOS batch

jobs. This mode of operation is used when a user requires the results of

his query immediately.

The, functional capabilities of DACE are separated into five modules:

1. Search

2. Sort

3. Compute

4. Print

5. Reformat
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The Search Module provides the functional capability to read and selectively

ret';ieve records from a master file and pass them on to other batch

modules for further processing. This retrieval is accomplished by using Boolean

Criteria to compare either speci.'ied fields against user inputted values

or one data field in the file against another file. The Sort Module

permits records to be reordered on the basis of values found in selected

data fields and may be done either in an ascending or descending sequence.

The Comput Module provides the capability of calculating on the basis

of user inputted formulas using the data extracted by the search module.

The calculation formulas are simple Fortran-type statements and include

Addition, Subtraction, Multiplication, Division, Exponentiation, and

Summing capabilities. Furthermore, the Compute Module has the ability to do

these calculations depending upon changes of values in specified fields.

The Print Module contains a limited report generation capability. The

Print Module displays the data either in the form originally specified

in the file dictionary or in a new format specified by the user during the

input of a query. The basic capability is a tabular display of data which

allows for data suppression based on changes in the field, and a table look-

up feature which translates coded values of fields into meaningful information.

Jhis saves space in the data base by having one-character codes replacing large

amoints of data. Finally, the Reformat Module enables users to take data

from a file, reorganize it in a different format and place it on a new output file.

Once a user has formulated his query under the time sharing subsystem

ne can then execute it utilizing the batch subsystem of Advisor. This

subsystem executes in a normal GECOS environment and must compete for

the GECOS resources needed for allocation. These batch jobs normally

execute in 34K core %ith a minimum of 1 tape drive which contains a data

file. The batch subsystem may execute one priority request or a number
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of requests that have been placed in the batch collector file. Each of

the queries successfully executed under the batch system will generate an

output report. This can either be printed at the computer site using a

high-speed printer or directed to a permanent file which may be scanned and

pripted by a user at his teletype.

The DADDS subsystem operates under GERTS and may directly complement the

DACE subsystem. While the DACE portion is concerned with retrieving records

based on user specified criteria, DADDS is concerned with retrieving data

directly from a record. Basically, DACE produces all the records from a

data base where the values of certain fields meet certain requirements.

DADDS, on the other hand, displays on-line information in a specified record

regardless of field values. DADDS is an on-line visual display system

that enables a user to access and modify previously stored information.

Data is stored in a tree-structured file, and any node or any branch of the

tree may be accessed directly.

DADDS CONTAIN THE FOLLOWING FUNCTIONAL CAPABILITIES:

1. Subsystem Control Command

The Control Command permits users to directly access any node in

the [ADDS tree-structure. This display also allows the user to browse through

an index containing the names of nodes at any branch or at any level of the

file and shows how they are related. This module controls the

inputting of definition and display formats and also contains catalogues

of these same definitions and displays.

2. List Displays

The list module retrieves the contents of a specified record at a

certain node and displays the information in tabular form with variable

column positioning ano line spacing. ]lTe user may also specify titles

and column headings for the displayed data.
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3. Data Plotting

The Plot Module generates numerical data from a DADDS data base

and plots up to three dependent variables in graphical form for the on-line

user. The user specifies the variable fields that are to be used, the nodes

where they are to be taken from, and the labels which will describe the plot.

Plots may be chosen to be either non-cumulative or cumulative.

4. Data Update

Updating the value of any field may be done in an on-line environment.

A permanent update changes the field value permanently. A temporary update

changes the value only as long as the ,user is on-line. When he signs off, the

original value is reinstated. In any update, the modification is displayed

back to the user who must approve it before it can take effect.

5. Problem Identification

Although searching the file by normal Boolean criteria is not

available, a Problem Identification module exists which compares the contents

of user-specified numeric or date fields against the contents of a user

specified reference field to determine if the data in those fields exceed

the others by more than a pre-specified amount.

6. Data Summarization

The summary module provides users with the capability of adding

the contents of specified fields within tlhe data base. The fields may be

summarized either in the same node or across nodes. Thle summarized

result is displayed in an optional fcrmat.
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Design of Environmental Tests

In designing the environmental testing procedures, RADC personnel

decided to investigate what effects various load parameters would have on

the system. These parameters included:

1. Number of ADVISOR users

2. Types of Queries Generated

3. Core Size of Time Sharing Module

4. Types of TSS subsystem users and others.

In addition to these external parameters, the environment of the

Honeywell GE/635 Computer at a given instant of time was considered

critical. That is, the GECOS operating system can service local batch, remote

batch and time sharing users. Jobs executing in the batch mode normally

range from 20K to 100K core. These jobs may be heavily processor bound

or I/O bound or a combination of both. Under the time sharing system, the

user load may vary from 20 to 55 users each of whom has access to a number

of subsystems such as Fortran, Basic, Cardin, etc.

In designing, the experiment, it was felt important to try to

determine the job mix in execution at a given moment along with the time

sharing load mix at the same time. If in fact these statistics could be

substantiated at a given point in time, then logically the affect on these

parameters due to the presence of ADVISOR users could be ascertained.

Therefore it was decided to collect data in both these areas. The GECOS

operating system provides a daily accounting report of all activities within

the system. This report contains statistics on activity type, core size,

processor utilization, lines of output etc. In addition, a Time Sharing

Usage Report can be generated by the master time sharing user. This report

contains statistics of number of users, subsystem usage, time sharing processor
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utilization, etc. With this data, it was hoped that a determination of

actual system utilization at any given point in time could be ascertained.

Furthermore, in designing the environmental test , it was felt that

the number of users on the time sharing module would have a definite effect

on response time. In conjunction with the number of users, the amount of

core allocation and types of time sharing user should also effect response

times. That is, if time sharing is heavily saturated with large subsystem

users (i.e. FORTRAN, BASIC),response times should in general increase. If

the system is saturated with smaller subsystems users (i.e., CARDIN, SCAN)

response times should be rapid. In addition wanted to determine how ADVISOR

users would affect this configuration. To complicate the situation, we

felt we should be prepared to analyze these effects under varying ADVISOR users.

That is, as we increase the number of AIDS users, what effect do we have on

other time sharing users?

In our analysis of an AIDS response time, we have had, in effect, to

determine what is meant by an acceptable response time. Obviously, each

person is likely to have his own idea of what is acceptable to him. Furthermore,

this acceptable time is likely to change from day to day depending upon

the situation and the mood a person finds himself in. Thus, the acceptable

response time that we take as our standard is done so with following considera-

tions. It is generally accepted by many that any response in the S to 10

second range may be deemed instaneous. In fact, any response time less

than 5 seconds may be unwanted due to the psychological problems

encountered when the computer responds too fast.
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People think the machine is anticipating their moves. On the other

hand, waiting for more than 15 seconds tends to promote boredom and the

fear that the computer has crashed. Based on these considerations, we

have thus set 15 seconds as roughly the upper limit to an acceptable

response time for our initial testing phase.

The integration of all these parameters into a suitable test plan is

one of the goals of this environmental testing program. However, with the

considerable number of variables present, the probability of achieving the

desired controlled atmosphere for testing on the GECOS system is very small.

On the further design of the environmental tests and as actual testing

commenced,it became readily apparent that because of the many parameters

and complexity of controlling the GECOS operating system for any length of

time, a pseudo-controlled atmosphere must be attempted. Therefore, it

was decided to monitor one or two time sharing users on a daily basis

under reoccuring circumstances. In addition, these users were to continue

their same actions while AIDS users were exercising the system. lhope-

fully, these users would notice any effects that could be attributed to

the addition of AID subsystem users.

To attempt control of ADVISOR usage, it was decided to determine a

set of queries which would exercise all functional portions of the system.

These queries would be pre=punched on paper tape for input via a teletype.

It was hoped that by continually exercising the system with these same

queries, but with a varying user load, a noticeable effect in response time

would be reflected. If such effects occur, it was felt a "threshold" could

be established at the point of concern.
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h'e have thus set the goals in the design of the environmental test.

FirŽst is to determine how the AIDS subsystem reacts in the GECOS time

sLiariing atmosphere alid how it affect other subsystem users. Secondly how

does the presence of the whole ADVISOR system within the GECOS operating

system affecr its Tperformance and vice versa.
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Testing Results

During the actual testing of ADVISOR, it soon became readily apparent

that because of the large number of parameters involv ad, it would be very

difficult to achieve the controlled atmosphere that was originally planned.

The results of the test and a graph indicating an acceptable response range

are contained in appendicies A and B. A sample of each query is also indicated.

In observing the results, one can find some interesting points. First

once a query is input, acceptance consists of an input phase during which

the paper tape is read by the AIDS subsystem and then stored on a collector

file. It became readily apparent that actual storing of the query on a

collector file was contributing to the heavily responst time of the completed

query. In fact, the mean response times showed more than a doubling in size

when responses included the final acceptance of the query. As seen in Table 1,

not only did the mean response time increase when acceptance of a query was

included, but the standard deviation also increased by a greater rate. In

fict, it was not uncommon that this single response time was more than the

time needed to input the whole query prior to writing it on the collector file.

From the time sharing usage reports, it can be ascertained that as

t.ie nuLLber of time sharing users increase the amount of file I/O also

4-Tcreashs. This suggests that as the number of users on time sharing keeps

building uip, larger subsyster.F will find it increasingly more difficult to

complete any file I/O. 'h1s, in fact, could explain why storing a completed query

on a collector file requires excessive time. First when a user inputs a query

to AIDS, the amount of file I/O necessary is to a buffer area within the

immediate accessibility of the subsystem. However when the AIDS subsystem
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attempts to write the completed query on a collector file, it must resort

to a permanent file outside of its immediate control and thus must compete

with all other large subsystems for the necessary file access. This is

turn results in additional time.

The second result discovered concerned the relation of the response time

recorded in the testing activity versus the total number of TSS users.

From the graph, we have noted what we feel an acceptable response range is.

Now we can see that the mean response times for 31 or less TSS users were

almost always in the acceptable range, while the times for periods when

TSS users equaled or exceeded 33 users were in an unacceptable range. If

we also consider the fact that for each of these points, the time sharing

core size varied from between 60 and 80K, an even more remarkable result

is indicated. That is, even with additional core allocated to time sharing,

degradation of TSS user response times were recorded. This suggests that

there may exist a "threshold effect" regarding the number of time sharing

users and response times. That threshold appears to be at 32 users.

It should be noted that the limited data collected does not clearly

extablish the fact that this "threshold" exists but does point out that

one may exist. In addition, this result can further be applied to any large

TSS subsystem. That is, if a "threshold" does exist, and there may be more

than one, this "threshold, should be applicable to users of both the FORTRAN

and BASIC subsystems. That is the AIDS subsystem is essentially the same

size as these other subsystems and their behavior under time saring should

be similar.
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A third result of the experiment was the fact that the presence of the

AIDS subsystems did not seem to seriously effect other time sharing

subsystems. That is, the small subset of TSS users assigned to running

daily repetitive tasks under various time sharing subsystems, exclusive

of the AIDS users, were not seriously affected in their response times

when AIDS usage increased, This suggests that the presence of the AIDS

subsystem affects the operation of GECOS only by increasing the number of

time sharing users.

Other testing results indicate that once the "threshold" of 32 users is

exceeded, it becomes very demoralizing and dissatisfying to an AID user to

attempt to input a query. That is during this period of "threshold exceedance"

it might be wise to limit AIDS usage. If during this period it is necessary

to utilize ADVISOR, the priority within the time sharing system of the AIDS

subsystem could be raised. This alternative was not attempted during this

series of tests.

Due to lack of documentation on the DADDS subsystem, a thorough analysis

of its functional capabilities could not be made. Most of the testing on

this subsystem was directed at just getting the system operational with a

known data base. Nevertheless, we were able to verify the existence of

functional capabilities of at least four modules. These included the sub-

system control command, the list displays, the data update, and data

summarization. The problem identification and data plotting modules were

either unworkable or not fully debugged and did not achieve their full

potential.
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However, the ease at which a user could persue his data base through

the use of an index and data display function inidcated that the usefulness

of the DADDS subsystem was certainly worth further testing. It definitely

seemed feasible that both the DACE and DADDS modules could complement each

other in some workable manner.

An additional result that should be stressed was the fact that regardless

of the amount of data generated, it is very difficult to determine the

state of the operating system at a given time. That is even with accounting

reports and time sharing usage reports, a picture of actual system usage

at an instant in time is difficult to construct.

Also, the amount of data collected in relation to the amount

of data actually used was not consistent. That is, even with the

inordinate amount of data collected and vehicles for collecting more data

available, we were not able to fully utilize it. Therefore, this suggests

that in further testing, we should be more careful in data collection procedures.

The amount of data collected does not seem to be a criteria for evaluation but

rather the type of data and how it fits the objectives of the testing

program is important.
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Observing the results of this testing program, we cannot help but

feel the need for a more thorough and vigorious testing of data management systems.

The testing of the ADVISOR System has pointed out how difficult it is to conduct

a controlled experiment and obtain valid data. With the constantly changing

environment of a large operating system the ability to set up and control a

testing atmosphere becomes almost impossible. Ilowever,the fact that results and

data are obtainable about system performance, suggests the need to continue to

extensively develop techniques for future testing.

As far as what we actually learned in this testing activity, we can relate

this analysis:

a. Objective. The objective that was originally set was too ambitious,

and too general in nature. We feel more care should be taken to develop

precise objectives which can be clearly defined. The objective for out test-

ing activity should be attainable through a series of approaches that are

realistic and achieveable.

b. Data Collection . Although data was collected in a number of areas,

it was much too difficult to fully utilize all of it. The form that the

data was delivered to us did not readily lend it to an analysis. This suggests

that in further data collection techniques, a need ma" exist to massage

the data prior to analysis or software programs should be written to

collect only pertinent and specified data.

c. Data Correlation . The experiment was conducted over a long period

of time which made it difficult to coordinate all the data collected. In

fact, the changing status of the operating system makes it difficult to determine

if in fact, data collected on different days has any correlation.
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d. Controlling Operations . Our original goal of controlling a large

number of parameters soon become unmanageable. We had difficulty just in

getting people to input paper tapes via a teletype. During actual testing,

machine problems caused a disruption of the planned activities. The "logistics"

of just coordinating people and machines to conduct a meaningful test became

a real problem.

From the results generated, a cursory examination of the response times

generated suggests that a "threshold- of response times for time sharing users

may exist. Further analysis could suggest another threshold at other numbers

of TSS users. In fact, there may exist some step function where responses

remain relatively constant at each level of usage, but jump drastically at

the indicated thresholds. Carrying this concept further would be of

interest in further testing activities.

As far as the complete testing activity, we feel the most important

result was the learning process involved. Although many techniques for

testing have been suggested, the fact that we were actually able to

generate and analyze data is important. However, we feel a great deai more

work needs to be done in this area; especially regarding data management

systems.

Some of our analysis suggests that we may have to utilize other techniques

in future testing activities. To aid in controlling parameters, simulation

may be necessary. Within this testing phase, it has become apparent that

a need definitely exists to model various data management functions using

simulation techniques. In fact, some of the results gained from this

environmental testing could be used to validate simulation models.

Therefore, in future testing, we can hope to utilize the results obtained

from operational testing, combine them with tools from simulation concepts

and hopefully further develop a methodology for testing techniques.
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APPENDIX A

Number of Without With
Users Acceptance Acceptance

Mean Standard Mean Standard
Response Deviation Response Deviation

Time Time
Sec. Sec.

27 (60K) 13.4 9.7 27. 59-5

28 (60K) 8.0 7.3 26.6 61.7

28 (6WK) 5.8 3.7 11.1 20.1

20 Average C.,7 1.1 17.2 7.z

31 (60K) 16.0 14.4 19.7 20.0

31 (60K) 9.8 10.3 17.5 34.0

31 Average 13.7 3.0 18.9 13.7

33 (80K) 26.0 10.2 61

35 (80K) 29.0 8.0 75

38 (80K) 32.9 31.3 94
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INTRODUCTION

Since the early 1960s, The MITRE Corporation, under the sponsor-
ship of Air Force Electronic Systems Division (ESD), has been involved
in designing, implementing, testing, evaluating, and selecting data
management systems. During this period, the government and private
industry have made a substantial investment in data management system
technology. A full return on this investment will not be realized
until data management systems can be acquired by all who need them.
Two major obstacles to this acquisition are the determination and
documentation of requirements for a system. and the subsequent eval-
uation and selection of a system. The Command and Management Systems
Department at MITRE is currently involved in a pragmatic approach to
reducing these obstacles as part of the ESD Data Management Systems
development program. One effort is identifying potential users of
data management systems within the Air Force, and developing guidelines
for the collection of requirements from such users. Another effort
is developing a systematic approach for evaluating data management
systems based on the types of file handling problems which are most
suited to particular classes of systems. Practical experience gained
by running full-size file handling problems on several existing data
management systems is the basis of the evaluation effort. This paper
describes an approach to the evaluation and selection of data manage-
ment systems which incorporates the knowledge and experiences gained
from past and current activities.

CONTEXT

The term "data management system", as used in this paper, refers
to traditional generalized data management systems. 1 The distinction
between self-contained systems and host-language systems is not
precise and is best illustrated by example - NIPS/FFS, MARK IV, GIS,
and TDMS are examples of self-contained systems; IDS and IMS are
examples of host-language systems. 1 A self-contained data management
system, or DMS, is assumed to incorporate some or all of the following
functions: input editing and validation, file generation, file updating,
file maintenance, selective retrieval from files, and editing and
formatting of output.

The purpose of the evaluatiol, and selection process described
here is to acquire the best DMS for a particular application or set
of tasks. The approach is not intended for a generalized comparison
or evaluation of DMSs independent of specific applications. This
paper describes the steps the Air Force should follow in order to
select DMSs for immediate use within inst lations or organizations.
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MEANS OF ACQUIRING A DMS

A DMS may be acquired in three ways: obtain an existing DMS
and use it as is. obtain an existing DMS and modify it to fit specific
needs, or build a new DMS. Obtain usually means buy, although some
DMSs ore nominally free within the government inventory. The three
options must be carefully considered to determine the most efficient
and least costly means of fulfilling the need for a DMS.

The relative costs of the three options for obtaining a DMS are
shown on Table I. Existing DMSs may be purchased for prices ranging
from $25 to over $100,000. Costs for the "buy and modify" option
are estimated for a modification causing little or no change to
program logic, such as converting a system from one type of computer
to a different type of computer (e.g., from IBM 360 to CDC 6600).
Extensive modification of logic or extension of system features could
be as costly as the "build" option. A commonly accepted cost of building
a full-scale DMS is $3,000,000. The difference between the "buy and
use as is" option and the "build'. option is two orders of magnitude
in dollar cost and one order of magnitude in elapsed time.

EMPHASIZE USE OF EXISTING SYSTEMS

The evaluation and selection of a DMS for the "obtain and use
as is" option discussed above is stressed in this paper. Although
this emphasis is completely justified on the basis of the cost and
elapsed time factors (Table I) alone, other considerations reinforce
this position.

Many DMSs Available for Many Hardware Classes

The number of existing software packages that perform DMS
functions is very large. Most of these are proprietary software
systems being marketed by commercial vendors. An August 1970 survey 2

listed nearly 100 generalized file management programs. A software
reference service 3 surveys nearly 40 information storage and retrieval
systems. A recent catalog 4 identifies more than 150 systems which
are available for nearly all major modern data processors in the
Air Force inventory. These are summarized in Table I1.

Available DMSs Have Broad Range of Features and Performance

The range of features and performance of available DMSs is very
broad. Many have English-like query languages. Many allow on-line
query and maintenance of files. Several make use of the same file
structures and access methods supported by the vendor operating
system. Most provide for efficient batch file updating and maintenance.
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TABLE I

COST OF OBTAINING A DMS

OPTION DOLLAR COST ELAPSED TIME

Buy and use as is Tens of thousands Weeks to months

Buy and modify Hundreds of thousands Months to years

Build Millions Years
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TABLE II

SUMMARY OF AVAILABLE SOFTWARE SYSTEMS
PERFORMING DMS FUNCTIONS

Manufacturer Computer Model(s) Number of Available Systems

Burroughs B2500/3500 4
B5500/6500 8

B6700/7700 2

Control Data 3100/3200/3300 3
3600/3800 1
6000 Series 6

Digital Equipment System 10 2

Honeywell H200/1200 10
GE 200 Series 3
GE 400 Series 1
GE 600/H6000 Series 8

IBM System 360 Series 106

RCA Spectra 70 Series 26

Univac U1100 Series 16
U9000 Series 4

X.erox Data Systems Sigma Series 4

NOTE: Some systems are available for more than one type of computer.
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Performance varies considerably among systems, usually due to
design and implementation tradeoffs among the file generation, updating,
and retrieval functions. Some systems stress a balanced performance,
e.g., moderately fast file generation and moderately fast retrieval.
Other systems stress rapid retrieval, usually at the expense of
time-consuming file generation and update functions. At least one
system of this type offers total on-line query response time measured
in seconds for files containing hundreds of thousands or millions of
records. Generation Lime for such files would be measured in hours
of processor time.

Large and Diverse Number of Users

Many existing DMSs have dozens and even hundreds of users, includ-
ing most major industries and many large corporations, but also many
smaller firms. Systems with many users over a period of time are
likely to be well-tested and have a proven history of usefulness.
Commercial applications range from maintaining and searching large
files of bibliographic and abstract material for research libraries,
to handling personnel files, to providing very rapid on-line response
for telephone directory assistance personnel in a major city.

Success Likely

Many DMSs are available and are being broadly applied to a
diverse set of problems within the commercial world; it is likely
that these existing DMSs can be broadly applied within the Air Force.
Certainly in the area of management support, the problems faced by
Air Force managers are not likely to be greatly different from those
faced by managers at major corporations. Both types of managers are
dealing with large volumes of data describing resources - - their
personnel and the jobs they are doing; their trucks and box cars and
airplanes, where they are, what they are carrying, how they are being
maintained; and all of the materiel, supplies, and services required
to keep large organizations operating smoothly.

Little Lost If Fail

The final reason for emphasizing the "obtain and use as is"
option is simply that relatively little is lost if the attempt fails.
If one completes the evaluation and selection process described below
and fails to find a suitable DMS, he has a sound justification for
considering the "obtain and modify" and the "build" options. More
importantly, the knowledge gained regarding the strengths and weak-
nesses of existing systems will provide a sound technical basis on
which to consider the other options.
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Of course, the default option that a DMS is not required always
exists. One may determine that normal source coding techniques are
best, that a host-language system is needed, that the solution is
beyond the state-of-the-art, or that one simply cannot afford what
is desired.

RECOMMENDED APPROACH TO EVALUATION AND SELECTION

Two related dangers should be avoided when conducting a DMS
evaluation and selection. The first danger is to avoid the explicit
recognition of the importance of subjective judgments; the second
danger is in not taking advantage of the iterative nature of the
evaluation and selection problem structure.

Subjective Judgment Factor

The evaluation of software, particularly software as complex as
many data management systems, is still an art not a science. Many
judgments in an evaluation and selection of DMSs will be highly sub-
jective. This fact is emphasized by explicitly considering the sub-
jective judgment factor which will be invoked during the evaluation
and selection process.

The subjective judgment factor is that weighting and appraisal
of DMS features and performance which cannot be adequately described
objectively. The fact that subjective judgments will be necessary
should be anticipated at the start of an evaluation. This explicit,
rather than the usual implicit, treatment of subjective judgments
will assure that subjectivity is recognized as such by personnel
conducting the evaluation and by personnel assessing the recommenda-
tions for final selection.

The subjective judgment factor will incorporate all of the know-
ledge, experience, and intuition of the individuals conducting the
evaluation. It therefore seems prudent to assign the best personnel
available within the organization to the task of evaluating and selecting
a DMS. Depending upon the circumstances, it may be wise to supplement
these people with the best assistance available from outside the organ-
ization.

The ultimate user of the DMS should be an active participant ir
the evaluation and selection process. The closer subjective judgments
are made to the ultimate user of the DMS, the better he will realize
the significance of these judgments for his particular situation, and
the more likely that his interests will be fully understood and con-
sidered in making these judgments. This, in turn, will make more
likely the ultimate success of DMS within the organization.
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Iterative Process

A detailed checklist of procedures for evaluating and selecting
data management systems is, in the author's opinion, not practical and
perhaps not even feasible. The number of possible combinations of alter-
natives, options, and decision-making points is too large for enumeration.
The nature of subjective judgments and decisions cannot be anticipated
or described in the detail adequate for such an approach. In addition,
a detailed procedural and decision checklist does not take advantage of

the natural iterative structure of the evaluation and selection process.

The importance of an iterative evaluation and selection process
cannot be overemphasized. A checklist approach tends to require a lin-
ear or sequential set of steps, i.e., step one followed by step two
followed by step three. In some situations, however, correct decisions

can be made based on little detailed data, while other situations may
require substantial data for a similar decision. With an iterative

process, one may iterate among steps, i.e., complete step one to a level
of detail necessary to begin step two, then return to step one if greater
detail from it is required for decisions during step two. by iterating
between data collection and decision-making, one can minimize the effort
for time consuming data collection for each evaluation because data is

collected only to the level of detail required by the particular eval-
uation. A checklist approach, in general, must collect data to the level
of detail necessary for the most complex evaluation likely to be encoun-

tered, and is difficult to tailor to particular less complex situations.

Framework for Evaluation and Selection Process

The evaluation and selection process described below takes advan-

tage of the iterative nature of this process, and also allows the
explicit consideration of subjective judgments. The process described
should be considered as a framework, and guidelines for its use are

presented by examples of the level of detail for data collection, and

decisions which can be made based on such data.

Five steps form the framework for the evaluation and selection
of a DMS. These should be conducted iteratively both among steps and
within steps. The steps and their purposes are summarized, and then

each is discussed separately in more detail.

1. Establish objectives for the use of data management within

the installation or organization. This step outlines management goals
for a DMS.

2. Identify the data management functions and features to be
supported by a DMS. This step will begin to state, in terms independ-

ent of any particular DMS, the basic functions and features required

to meet the objectives of Step 1. 87



3. Outline cost considerations. This step has two purposes.
The first is to enumerate the types of dollar, manpower, and hard-
ware resource costs which must be considered during acquisition and

continued use of a DMS. Actual amounts for these costs will be

established whenever they become known during the evaluation. The
second purpose is to establish the amount of resources which can be
afforded for the DMS.

4. Select/eliminate candidates which are likely/unlikely to

fulfill the requirements and constraints established during Steps 1,

2, and 3. Specific data management systems, their features, and the
functions they support are considered only to the level of detail

necessary to identify a few good candidates for detailed evaluation

in Step 5.

5. Conduct a detailed evaluation of the candidates remaining
fiom Step 4, and make a final selection based on this evaluation.

The purpose of Steps 1, 2, and 3 is to develop the require-

ments and constraints for data management independent of any par-
ticular data management system. The purpose of Step 4 is to consider

available data management systems in the light of the requirements
and constraints established in previous steps, and to reduce the

number of candidate DMSs to a reasonable number for a detailed eval-
uation. Step 5 will complete the evaluation and selection process.
As discussed before, one should iterate among the above steps, par-

ticularly the first four steps, to perform the evaluation as efficiently

as possible.

Step 1: Establish Objectives for Data Management

The first step in the evaluation and selection process is to

establish the broad objectives and a simple statement of management
goals for data managment within the organization. The range of

possibilities is represented by the following three examples:

i. Continue operating essentially the same as at present but

use a DMS to reduce manual effort and to provide a more responsive
handling of requests for special reports.

ii. Consider changing current operations slightly. Provide

on-line query for a small set of selected data which is otherwise
available only throigh ad hoc conventional programming and ;ith a
response time of hours or days.

iii. Consider changing operations completely from a batch-oriented

system to an on-line real-time interactive system.
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The risks involved increase greatly as the range from Examples
i. to iii. is traversed. For any possibility selected, one should
consider doing a complete "systems engineering look" at his problem
independent of and prior to considering a DMS. A data base engineering
effort, for example, would examine all files in the data base, the
structure of the files, the processing and amount of activity against
each file, the redundancy of data among files, interfile relationships,
and the overall organization of the data base. This analysis could
indicate that a restructuring of the data base and associated pro-
cessing is desirable, and this, in turn, could decrease the need for
a DMS or dramatically alter the features required of a DMS.

Typical examples of management goals are: decrease the average
required skill level of an organization's programmers; provide on-
line updating of critical files; reduce special report production
cycle elapsed time; provide non-programmer management support per-
sonnel with convenient means of maintaining data and producing summary
reports.

When planning to change the current operations significantly,
one should also carefully consider alternatives for phasing into a new
operation. A data iuanagement system, just as any other complex hard-
ware or software system, requires checkout and shakedown for both
the system and for the procedures for using the system. Personnel
should be introduced gradually to a new system, and, in turn, a new
system should gradually be introduced into the norlmal conduct of
business. A "turn-key" phasing plan can lead to considerable initial
confusion or even to a complete disruption of operations.

Step 2: Identify Data Management Functions and Features

Based on the objectives and goals established in Step 1, Step 2
will begin to identify the general functions to be performed by a

DMS (for example, file generation, input editing, report generation)
and specific constraints which a DMS should meet (for example, file
structure, hardware constraints, mode of operation). Questions
should be resolved regarding who will use the system (programmers,
non-programmers, middle management, clerks); the files to be handled
by the DIMS (number, names, sizes, structures); the nature of the
products to be produced (tabular reports, selective response to
limited query); and the response time desired from request for product
to product delivery (seconds, hours, days).

The above considerations should be made independently of any
specific DMS, and should not be developed in great detail until
absolutely necessary. A first pass at Step 2 will identify obvious
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functions and features with little detail, and subsequent iterations
among Steps 2, 3, and 4 will indicate the refinement of detail neces-
sary for proper decision making. Early iterations should probably
consider only essential functions and features. It may be reasonable
to consider "would be nice" functions and features in later iterations,
but "would be nice" features must not be allowed to become an unreal-
istic wish-list.

Step 3: Cost Considerations

Step 3 has two goals -- to anticipate the types of costs that
must be considered for a DMS and to decide how much the user can
afford for a DMS. Again, the level of detail will vary depending
upon the number of iterations required by a particular evaluation
and selection. The types of costs to be considered should be
enumerated, but the amounts will be determined during other steps
of the evaluation. How much can be afforded for each type of cost
should be decided, and the amounts can be refined or changed based
on findings during other steps of the evaluation. Exact amounts
are often difficult to determine but all costs should at least
receive a subjective consideration.

Costs for a DMS are of two types -- one-time and recurring.
One-time costs include costs for selection, acquisition, installa-
tion, training, and one time data base conversions when necessary.
Recurring costs for both hardware and manpower resources are often
overlooked. Hardware resources include primary and secondary
memory which must be dedicated to the DMS, at least when it is
running. Additional computer time may be required for generating
and maintaining files and for producing products with a DMS rather
than with conventional production-oriented programming techniques.
Considerable additional storage may be needed due to file expansion
caused by some DMS file structures and physical storage strategies.
Manpower resources will be required to provide readily available
expertise on the use of the system and single-point responsibility
for some system maintenance (such as reloading in the event of a
system crash). Depending upon circumstances, in-house manpower
resources may be required for DMS software maintenance and training
of users on a continuing basis. Contractual support for continuing
maintenance may also be necessary. Some cost tradeoffs or alterna-
tives must be considered, such as lease versus purchase of a system.

An additiorai cost which must be considered includes the impact
of a DMS on normal operating procedures for a computer facility and
is extremely difficult to estimate. For example, supporting an
on-line DMS may degrade batch operation turnaround significantly.
Maintaining files through a DMS may increase problems of providing

adequate backup or restart procedures after system failures.



Step 4: Candidate Selection

The purpose of the candidate selection step is to select a
reasonable number of candidates for detailed evaluation by comparing
the requirements and constraints frum Steps 1, 2 and 3 with existing
DMSs. This step may be conducted as a selection of candidates or
as an elimination of unlikely candidates depending upon circumstances.
It is at this step that an iterative approach is likely to save a
substantial amount of effort. Often, many DMSs can be eliminated
on the basis of a small amount of revealing data, and an iterative
approach will take full advantage of this situation. For example,
if all DMSs are eliminated which do not run on the hardware avail-
able, the list of candidates may be reduced quickly. If initial
selection shows no satisfactory DMS, one may decide to relax slightly
the requirements and constraints from previous steps in order to
select candidates. For example, if one is seeking a DMS which will
run on a 256K byte IBM 360/40 with two disc drives under DOS, he may
be forced to consider adding more core, another disk drive or switching
to OS in order that several DMSs qualify.

Candidate selection consists of an iteration among the previous
Steps 1, 2 and 3 and among the following tasks:

a. Convert information describing DMS functions and features
desired, and hardware, manpower, and dollar resource constraints,
into a statement of constraints for a DMS which would fulfill all
requirements. The level of detail of the statement of constraints
will vary during iterations. It may begin as a single item, such
as the hardware on which the selected DMS must run, and develop into
a detailed list if many DMSs meet the constraints.

b. Identify all potential DMS candidates and consider each in
terms of the constraints stated above.

c. Eliminate/select, by comparison with the constraints,
candidates which clearly are not/are suitable. This elimination or
selection should be only on the basis of constraints for which no
compromise can be made (such .-, the hardware on which the DMS must
run, or the support of a file jtructure essential to the user.)

After the candidate selection is completed, one should have a
reasonable number of DMSs (probably about three) for which to con-
duct a detailed evaluation.

The key to the success of the a'bove process -s the careful
statement of constraints and the iteration anmong steps. Steps 1, 2,
and 3 identify goals,, ýtat, desires and constraints in renera] terms,
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and outline major factors to be considered. Step 4 begins to develop
details specific to particular DMSs. During candidate selection,
high level general requirements, constraints, and features should
be emphasized, with detailed requirements or features considered
only if necessary to reduce the number of candidates to a reasonable
size. Thus, for example, the machine mainframe and core require-
ments would be considered during candidate selection, but the number
of levels of nesting of Boolean operators within the query language
would probably not be considered until the detailed evaluation of
Step 5. An example of the level of detail typical of an early itera-
tion among steps is shown on Table III.

Step 5: Detailed Evaluation of Candidates

The final step in the evaluation and selection of a DMS is to
conduct a detailed evaluation of candidates remaining after candidate
selection. The detailed evaluation considers two factors -- the
features 3f candidate DMSs, and the performance of candidate DMSs.
By considering features, one determines if the DMS can do the job
at hand; by considering performance, one determines how efficiently
and effectively the DMS can do the job.

Several techniques have been used in the past for the detailed
evaluation and selection of data managment systems. These usually
consist of the development and analysis of a checklist of DMS features
and some attempt to incorporate a performance factor.

The checklist analysis often weights very detailed DMS features
numerically and performs some mathematical manipulations to obtain a
score for a DMS. Unless the selection of weights and the manipula-
tions are carefully and explicitly tempered by the subjective judg-
ment factor, results hav- an air of precision, accuracy, and mathe-
matical soundness which is not justified. In a.dition, features
which have little or no importance for the particular application at
hand, or features that are interdependent, tend to strongly influence
the sensitivity of the results. Feature checklists can, however, be
useful as reminders or guidelines for features to be considered during
an evaluation.

The greatest single weakness of existing evaluation techniques
has been the treatment of the performance factor, even though perfor-
mance may be the key to the success or failure of a DMS during opera-
tional use. Performance factors have usually not been considered
at all, or have been extrapolated from a combination of rules of
thumb, values developed from models, or very limited benchmarks. The
extrapolation attempts to predict how fast a DMS will perform various
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TABLE III

EXAMPLE OF TYPICAL LEVEL OF DETAIL FOR
EARLY ITERATION OF EVALUATION PROCESS

Objective of DMS Use: Reduce by 50% the man-time now
exptiLded for generating ad hoc
reports from existing files.

Computer Resources: IBM 360/40, 512 K bytes core, 3-2311
disk drives, OS/360.

Willing to dedicate up to 30% of
machine resources to the DMS.

Manpower Resources: Willing to dedicate I system's
progrr-mer half-time to operating
and maintaining the DMS, 3 pro-
grammers full-time to using the

system tu produce ad hoc reports.

Dollar Resources: Prefer $20,000 to $40,000 purchase
cost (or equivalent rental),
including installation, training,
and documentation.

Vendor or other continuing support
about $2,000 per year.

General Requirements: The system will be used by program-
mers to produce one-time reports
from existing formatted files that

are also used for other production
work. The system must therefore
be able to access the existing files
directly with no intermediate con-
version or dual maintenance of files,
and be able to produce reports
similar to current ad hoc products.
Reports must be produced within

24 hours after receipt of request,
preferably in a batch environment.
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functions for a particular application. This is an extremely diffi-
cult problem when the DMS must, in normal operations, compete for
resources with other processing in a multiprogramming environment
under the control of a complex operating system.

In addition to how fast a system performs certain functions, a
performance factor should consider the human and operational aspects
for a DMS, such as the ease of use of the system by the people who
must implement the applications. This problem is not adequately
addressed by existing performance techniques.

The approach recommended for detailed evaluation is simply to
run real problems against the candidate DAgs and to select a DMS
based on the experience gained. This is done as five basic tasks.

a. Select a set of file handling problems representative of
the applications for which the DMS will be used operationally. In
some cases, a single problem may be adequate.

A representative file handling problem consists of a body of
data and typical products to be produced based on the data. The
body of data may be an existing file, and typical products may be
existing products generated from the file. The body of data musL be
large enough to provide realism, and shoald be the entire file in
the case of existing files.

b. Arrange to ruu each candidate DMS. This may be through
another orgar,.zation that has the DMS, through a service bureau,
or through a special trial period arrangement with the vendor. It
is preferable to have the DMS in the facility at which the DMS would
run if it were selected.

c. Run the representative file handling problems on the candi-
date DMSs. Exercise all functions and features identified in previous
steps. Normally, this will include using the DMSs to generate the
files, to manipulate the files for updating, maintenance, and retrieval,
and to produce typical products from the files. Document the exper-
iences encountered as the systems are run, including problems, man-
time required for various activities, and hardware resources used.

d. Discuss the experiences for each candidate DMS with its
vendor or other organization intimately familiar with both the ex-
ternal features and the internal implementation of the DMS. This
will uncover gross errors or inefficiences which may have been made
in using the DMS, and will validate the experiences and performance
of the system for the problems run.
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e. Evaluate the systems and select the system which was best
for the representative problems. This evaluation will consider the
features of the various systems, both claimed and experienced; the
performance of the systems, both claimed and experienced; the time
required to conduct all aspects of the evaluation; and, based on the
experience, the subjective judgment factors for each system, such as
ease of use.

Rationale for Approach

The approach recommended is not basically different from approaches
used in the past, but the emphasis has been shifted substantially
to provide a better understanding of the subjective judgment factor
and of the performance of a DMS in a realistic environment. The
approach described has several goals and advantages. First, it
minimizes the amount of effort and time required to belect a DMS from
among, perhaps, dozens of candidates. Data collection is minimized
by iteration with decision-making, and good judgment based on exper-
ience is accepted in place of detailed analysis. Second, the approach
forces the people most critical to the success of the DMS, the people
who will run and use the system, to become closely involved with DMSs.
The user will learn more from this approach than any other about how
to use a DMS, what it is good for, what it is not good for, and how
it will affect him operationally. The user will also be in a better
position from using this approach than from any other to understand
and make the subjective judgments which are now inherent in software
evaluation.

This approach is also likely to prevent many surprises which
would otherwise be discovered only after acquisition. Some systems
simply will not perform as might be expected. Some features of
systems will not work as expected. Some features may not work at
all.

The key advantage to this approach, however, is that it offers
the best means of obtaining a good indication of a system's per-
formance under realistic operating constraints and against real
problems. Trying to estimate performance based on paper studies,
rules of thumb, modeling or limited benchmarks is difficult. Even
the people who should know a system best, the vendors, will usually
require a substantial amount of data describing a problem before they
will attempt to estimate how a system will perform on the problem.
When given, the estimate may be couched in caveats and assumptions
about the hardware environment while the system is running.

The cost of conducting an evaluation in the manner outlined above
is difficult to estimate for a non-specific case. There is no sub-
stitute for experience during the iterative process of the evaluation.
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A person wiLh detailed knowledge of data management systems technology,
and experience with many DMSs, will be able to conduct the candidate
selection process very rapidly in most situations. The cost of
gaining access to systems aid for the necessary machine time to eval-
uate them may range from a few hundred to a few thousand dollars per
system. Some vendors, for example, will contract for a one to three
month trial period during which they will install the system, provide
training, and perhaps assist in implementing a problem for around two
thousand dollars. The cost of machine time may be "free" if the user's
machine is used for the evaluation or could cost a few thousand dollars
at commercial service bureau rates. The cost of manpower to conduct
the evaluation will vary with the number of candidate DMSs, the number
of representative problems, and the complexity of the problems and
systems. To adequately evaluate a single problem on a single system
could require anything from a few man-days to a few man-months,
depending on complexity and completeness. In this area, it is impor-
tant again to realize the difference between getting a DMS to produce
a set of products from a given file and in evaluating the DMS against
* representative problem. The former can require only a few days,
especially with vendor assistance, while the latter requires care-
fully planned testing and documentation of most system features and
their sensitivity to various parameters of the representative problem.

The cost for the evaluation and selection of a PAS will be a
small percentage of the total expenditure for operating and main-
taining the DMS during years of use. A careful and t'orough evaluation
will be a good investment.

Experiences

The Command and Management Systems Department of The MITRE
Corporation is currently developing experience pertinent to the
approach to evaluation described above. This work involves three
existing data management systems and three problems selected from
Air Force data processing facilities. A set of documents is being
produced describing the systems, the problems, and thbr experiences
of running the problems on the systems. The work was begun on an
IBM 360/50 and is being completed on an IBM 370/155 at MITRE.

During this effort, each DMS has produced some unexpected
problems. Bugs have been discovered. Some features do not work
as expected. Some experiences are not yet fully understood. Several
examples illustrate this experience.

One system was used to produce tabular formatted reports from a
flat file of about 53,000 57-chiracter records. During file genera-
tion, a sort of the file was necessary which was under control of
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the Job Control Language (JCL) of Operation System 360. Extensive
JCL was supplied as a part of the system, with parameters to be set
by the user. Attempts to generate the file failed for six consec-
utive runs, apparently due to lack of work area for the sort. Before
each run, work areas w~re expanded until the sort finally worked. In
order to sort the file, a total sort work area of more than fifteen
times the initial file size was allocated. The file, once generated,
was more than three times its original size. The causes of this
experience are being investigated.

Apother system was being run against the same file mentioned
above. The report generation language for the system proved to be
so difficult to use that using COBOL would provide much faster re-
sponse to requests for reports.

A third system had a feature for producing multiple reports in
batch mode with only one pass of a file. Experience showed that
this feature, which was supposed to improve performance in all cases
over a single pass of the file for each report, in some situations
performed considerably worse than passing the file once for each
report. The vendor was contacted, he verified the results, checked
his source code for the system, and decided some reworking of the
code would correct the problem.

Several operational problems were encountered in running the
DMSs. One DMS, when used for on-line queries, often degraded the
overall computer throughput to an extent that the DMS was thrown
off the machine by the operators in order to process their other
workload. All systems encountered problems with time in primary
memory partitions on the machine. Depending upon the nature of
other jobs competing with the DMS for machine resources, the DMS
would spend between a few minutes to tens of minutes in the -- i-
tion to complete the same or a similar job. When partition time
approached the latter extreme, again the operators would terminate
the DMS run to make the partition available to other work. These
problems, of course, are not the fault of the DMS, but are typical
of what may happen when a DMS is introudced into an operation
environment.

Elapsed time required to make the DMSs operational at the MITRE
facility ranged from one week to two months. Time to run a problem
against a DMS and document results ranges from two man-months to
six man-months.
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RECOMMENDATION

If everyone in the Air Force who needs a DMS goes through all
of the steps described in this paper in order to evaluate and select
a DMS, there will obviously be a lot of duplication of effort. This
will ba particularly true in identifying potential DMS candidates
and in making the preliminary selection of candidates. Several paths
can be pursued for eliminating some of this duplication of effort.

Catalogs and surveys of available data management systems can
be compiled and made available to all prospective DMS users. This
would eliminate the time-consuming and tedious task of developing
a list of candidates each time a DMS is going to be selected. Such
catalogs remain useful only if maintained on a continuing basis.

A team of highly experienced personnel could save potential DMS
users a great deal of time and effort in the processes leading to
the detailed evaluatiun of systems. The team could help the user
document his DMS requirements, to organize and schedule the evalua-
tion, to perform the candidate selection and to select representative
problems for the detailed evaluation.

A convenient means of providing access to systems for detailed
evaluation should be established. A similar means of discussing
and validating detailed evaluation experiences with individual systems
is also desirable. A variety of means are possible, ranging from
contractual arrangements with vendors to the establishment of a
government maintained inventory of systems and personnel experienced
in their use.

It may be possible to establish a set of representative problems
which would cover most of the prospective uses of DMS within the Air
Force. Experience with these problems would be valuable for users
during the evaluation, and would be especially useful to the team
who assists users during the evaluation.

SUMMARY

Better techniques for the evaluation and selection of complex
software should be pursued, especially for determining the performance
of such systems. Tn addition, long-range planning for data handli-r_
within an organization should recognize that new developments in
data handling software and hardware are iikely to have a substantial
impact upon the nature of traditional generalized data management
systems. For example, many of the functions and features of these
systems will be incorporated into host language systems or into
operating systems.
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This paper has described an approach to the evaluation and
selection of data management systems for immediate application to
existing data handling problems in the context of a single installa-
tion or organization. The approach is based on the rationale that
a sufficient number of systems are available having a wide range of
abilities and relatively low cost that one cannot afford not to
consider using an available system.

The current state-of-the-art of evaluating and selecting complex
software, such as data management systems, is heavily dependent
upon the careful consideration of highly subjective factors. This
fact is accepted and exploited by the approach discussed in this
paper. The approach basically shifts the emphasis of previous
approaches from paper studies and limited benchmarks to a great deal
of hands-on experience with candidate systems by the prospective
users of the DMS.

The use of existing data management systems, and the approach
to evaluation and selection of these systems described in this
paper, provide today's best opportunity for a user to obtain a
satisfactory data management system at an acceptable cost.
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INTRODUCTION

As part of the current Air Force Electronic Systems Division data
management systems development program, The MITRE Corporation is
running, on existing data management systems (DMSs), file-handling
problems selected from operational Air Force environments. This
activity has two goals. Tho first is to assess the suitability of
various types of DMSs to handle various classes of file-handling
problems. The second is to provide inputs for an approach to evalu-
ating and selecting DMSs which satisfy a potential user's specific,
immediate requirements for data management. This paper describes
the experience of using the Generalized Information Management System
(GIM) for a time-based, transaction-oriented scenario dealing with
cargo-handling data of the Military Airlift Command (MAC). It also
presents on overview of the process of selecting, preparing, and
running a realistic problem under a particular DMS, and the experiences
which may be expected from such a process.

DMS BACKGROUND

GIM was developed by the TRW Systems Group, Redondo Beach, Calif-
ornia, and is currently being marketed in its IBM 360 and UNIVAC 1100
series implementations. GIM is a terminal-oriented DMS which main-
tains files on disk and provides both on-line and batch capabilities
for input, updating, and retrieval of file dictionaries and data via
the GIM Access Language. GIM is in the general class of DMS, referred
to as self-contained systems, whose file generation typically requires
conversion and internalization of user data, and in which any inter-
action with the data base is through the language provided by the DMS,
rather than by independent user routines.

The work described in this paper was begun on an IBM 360/50 and
was completed on the 370/155 at MITRE. The paper begins with a brief
discussion of the original Air Force problem environment, followed
by a description of the problem preparation process and scenario
generation. Next, the steps required to prepare GIM to run the problem
are outlined, and the scenario running and subsequent validation and
evaluation activities are described. The paper concludes with a
sumnary of the experience.

PROBLEM BACKGROUND

The Military Airlift Command (MAC), as an element of the Defense
Transportation System, is required to maintain data bases and reporting
systems in accordance with the Military Standard Transportation and
Movement Procedures (MILSTAMP) and Military Supply and Transportation
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Evaluation Procedures (MILSTEP). The Caigo Documentation Subsystem
records the movement of each cargo shipment through the MAC airlift
system.

Currently, the handling of cargo data within MAC is largely a
manual operation. Cargo passing through a port is recorded by
moving punched cards from box to box on the air terminal manager's
desk. Card decks associated with cargo and flights are inserted into
cargo containers and are forwarded to centralized reporting facilities
after the requisite punching, duplicating, grouping, and stapling.
Data for planning, scheduling, analysis, and reporting is retrieved
at the centralized facilities by various COBOL programs run on RCA
Spectra 70 equipment.

This manual processing produces high error rates; one source
reports that typographical errors occur in the data for as many as
60 percent of the cargo shipment units. A historical file used in
this work showed an error rate of approximately 10 percent for two
types of detectable errors. 1

To provide required information more efficiently, much of the
current manual cargo data handling will be automated as part of the
MAC Integrated Management System (MACIMS). The work described in
this paper is 1ased primarily on the description of the Cargo Docu-
mentation Subsystem in the tentative MACIMS specification, which
documents current practices as well as their proposed upgrading.

The point of view taken here is centered on the activities of
one port and the reporting of these activities to some centralized
data processing facilities; this is essentially the air terminal
manager's viewpoint. The areas of concern roughly parallel the
chronology of cargo passing ý-l-ough the port. When cargo arrLves,
an entry is created in a cargo-on-hand file. Updat'-F t, ;his file
allow status information to be provided for cargo at any point in
the system. The load planner uses information in the cargo-on-hand
file to schedule cargo departures by satisfying various constraints:
priority; special handling; cargo size; weight, and compatibility;
and allowable cabin load. This activity produces pre-manifests,
which are lists of cargo shipment units to be loaded on each mission.
When cargo is shipped from the port, the intransit control file
provides the basis for monitoring mission execution. All subsequent
monitoring takes the form of summary and evaluative reporting, and
comprises the so-called "management transactions" on the cargo files.

Uniqueness of transportation cargo number, and alphabetic charac-
ters in numeric fields.
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PROBLEM SELECTION AND MODE OF OPERATION

The scope of the overall port cargo-handling activity just
described is very broad, so it was necessary to select a subset of
this activity to run under GIN. Choosing such a subset is perhaps
the central issue involved in running a DMS with a realistic problem
for evaluation purposes, since a primary goal of the evaluation is
to demonstrate that the DMS can handle the range of processing re-
quired by a full implementation of the large or complex problem,
but without accruing the cost of performing a full implementation.

The sources of the data and descriptions for the problem were
as follows:

1. A historical data tape describing cargo shipment units
passing through Travis AFB during a three-month period, 2

obtained through the MACIMS group at MITRE.

2. Descriptions of processing activities, assembled from current
regulations and procedures in effect for aerial ports, such
as MILSTANIP, and from the preliminary MACIMS specification.

3. Validation of various assumptions made in the course of the
activity, as well as helpful suggestions, obtained from
discussions with members of the MITRE MACIMS group.

The nature of the available data, primarily the historv tape
that described cargo entering and leaving the port, suggested the
creation of a time-ordered sequence of events, or scenario, to form
the basis for a model !of the data-handling activities associated
with cargo movement. Such a model would require as input a represen-
tation of the events that would have resulted in the history records
found on the original data tape, a scenario whose use would model
or imitate MAC practices. Many MAC activities, such as logging
cargo into the port, posting manifests, querying port level data,
and so forth, could be represented as on-line terminal inputs to a
DMS. Accordingly, a preprocessor was built to generate an event
stream combining these activities from a description of the desired
scenario.

266,780 cargo shipment units, representing 4166 flights; all but

253 cargo shipment units date from days 32 to 120 of 1968.
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The following "primary" events were generated directly from the

MAC cargo receipts history tape data:

1. Cargo arrivals.

2. Pre-manifest posting (the primary activity of the load
planner).

3. Flight departures.

For these events, a standard ten-hour elapsed time between
pre-manifesting and flight-departure was selected. The subsetting
of the original data records to produce the primary events is illu-
strated in Figure 1.

The following "secondary" events were generated from sources
describing typical cargo-handling activities at an aerial port.

1. Aperiodic (ad hoc) inquiries: frequently concerned with
status information or with port level data, these informa-
tion requests occur on an "as required" basis.

2. Periodic inquiries: these retrieval requests recur at
regular intervals for such scheduled events as for daily
briefings on special-handling requirements of the port, or
weekly inventories.

3. Subsets and histories: these are occasionally extracted
from the files for further processing (perhaps beyond the
DMS's manipulation capabilities) or for forwarding to other
facilities. One example would be the set of inactive records
which was extracted and then purged from GIM. This sub-
set is analogous to the original cargo receipts data from
%AC.

DMS ACTIVITIES WITH THE PROBLEM

The steps required to prepare GIM to receive the scenario inputs
are:

1. Analysis of the data and definition of the items and files
required.

2. Preparation of the dictionary inputs and of the disk areas
which will contain the files.
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3. Loading the dictionaries and data via the GIM Access
Language.

The terminology used in describing file generation has been
made as general as possible, with the express interest of avoiding
the unusual TRW nomenclature. Thus, a file will comprise many
records or entries; records or entries will be identified (named) by
primary items or keys; and dictionaries define the formats and usage
of fields or items within an entry. For instance, the transportation

cargo number (TCN) will be used as the primary item of the cargo-
on-hand file, and the values for all items, such as pieces, weight,
or time receixcA, that pertain to a given cargo shipment unit will,
together with that unit's TCN, comprise an entry in the cargo-on-
hand file.

Each step required to prepare the model, and to prepare GIM to
run the model, will be discussed in terms of the activities involved,
the problems incurred, and the resources required.

SCENARIO GENERATION

Scenario generation will be desciibed first. Figure 2 shows
the origin of each segment of the event stream that will be input
to GIM. The scenario generation program creates primary events from
sorted copies of the original MAC data: cargo arrival notices from
a tape ordered by time received at the port, and lift notices and
pre-manifests from tapes in time-shipped order. These last two input
tapes are identical, but it should be recalled that ten modelled hours
elapse between their uses of the same original record. Secondary
events are described to the scenario generation program by card
input which contains the following information:

1. Whether an event is periodic or aperiodic (one-time).

2. If periodic, at what interval it should occur; if aperiodic,
at what time.

3. The fixed content of the input statement(s).

4. The method of calculating any variable content of the
input statement(s) (optional).

Examples of all event types are shown in Figure 3.
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Cargo Arrival

ADD TCN 'AT81VEOO246009XXX' TIME-REC "33*10"

SERVICE "A" CTYPE "3" AIR-COM "V" SPC-HDL "Z" AIR-DIM

"D" PRTY "R" APOE "SUU" APOD "DAD" TR-ACCT "A205"

PCS "1" WGT "765" CUBE "4" TAR "802" #

Pre-Manifest

ADD MANIF 'DX' ETD "33*19" LINE

"AT8OMPOOOOO09XXX" "AT860200061122XXX"

"AT87RWOOIOOOX7XXX" "A5820200160001XXX" #

Flight Departure

ADD TO MANIF 'CX' ATD "33*9" TDP "801" #

Periodic (for example, every day at 0800 hours)

TOTAL THE AWGT PCS AND CUBE FOR ALL TCN WITH

NO DAY-SHP#

Aperiodic (for example, on day 33 at 1600 hours)

COUNT ANY TCN WITH AIR-COM EQ "P" ANDD WITH NO DAY-SHP #

Subset for Further Processing and Purge

EXTRACT ANY TCN WITH DAY-SHP LESS/THAN OR EQ TO "31" #

DELETE ANY TCN WITH DAY-SHP LT = "31" #

Figure 3. Examples of Event Types
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The scenario generation program extracts appropriate fields
from the primary event input tapes, and inserts the queries as
indicated by the scenario description input decks, completing cal-
culations based on the simulated time where required. Control infor-
mation defines such things as the days to be modelled and whether
port activity will have to be initiated prior to the model period
(i.e., filling the port with cargo). The last source of events
for the scenario, also from the descriptive sources, is the extended
imitation of an air terminal manager's activities, entered from an
on-line terminal, to which one may switch at any convenient "time"
in a scenario run, as shown in Figure 4.

DATA ANALYSIS AND DICTIONARY PREPARATION

The first step in preparing GIM to run the scenarios, starting
from the problem description, involved the analysis of data require-
ments. The items required to maintain the implemented capabilities
fall into four categories:

i. Cargo descriptors (physical characteristics of the ship-
ment unit).

2. Static processing descriptors (which remain constant for
a given shipment throughout its processing).

3. Chronological processing descriptors (which accrue to each
shipment unit as it passes through the system).

4. Other descriptors specific to a given function, such as
utilization data, mission data, or intransit correction
codes.

The availability of each of these items is shown by category in
Figure 5. The model was restricted to those activities which could
be supported by the data available. For example, mission status
could not be maintained beyond the knowledge that a certain pre-
manifest had or had not been issued, or that the flight associated
with a pre-manifest had or had not departed the port.

The next step was to determine the interrelationships and
formats of the data items, and to decide what files to create and
how to group the data items into files. The usual method for speci-
fying such relationships for GIM is a data base map. The data base
map for the cargo files is shown in Figure 6, with arrows indicating
inter-file and inter-item retrieval and updating.

110



LLWO

OLL 0

U -w

0 (AU)
(f)q U)

<rU a0LL0

WXt U)>-)r

ý- V)

Q 0

00

0

U 

LL-

L-Jz

111



Available On
Cargo Receipts

Category Item Tape? Explanation

Cargo description

transportation cargo number Y unique cargo shipment identifier
number of pieces Y
weight Y tons (to 4 decimal places)
cube Y volume in cubic feet
type of mail N
air commodity code Y type of cargo as K for para-

chutes, V for vehicles, etc.
air dimension ccde Y smallest craft loadable
special handling code Y as Z for none, W for refrigerate, etc.

Static processing description

APOE Y aerial port of embarkation
APOD Y aerial port of debarkation
mode of transportation code N2

service branch Y F for Air Force, N for Navy, etc.
transportation account code Y account paying for movement of materi I
project code N
consignor N
consignee N
required delivery date N
priority y 3 1, 2, 9, or R

Chronological processing description

hour/date shipped Y
hour/date received Y
hour/date processed N
bay location y4
pallet information N
shipment designators N
hour/date departed Y
hour/date released N
manifest reference Y5
carrier N
age y6

Figure 5. Data Item Availability
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Available On
Cargo Receipts

Category Item Tape? Explanation

Other

utilization date N
mission data N5

correction codes N

Notes

Ialways SUU = Travis.
2known to be F = MAC.

3 full range of values not given; 3 and 4 grouped with 2.
4not used locally (Travis).
5 although no mission data is known, the cross-referencing

function of the manifest reference item is used to group
shipment units together to form their implied, modelled

manifests.
6not used, however, because an internal GIM function was
available to calculate the age in port at departure time.

Figure 5. Data Item Availability (Concluded)
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CODES FILE CARGO FILE MANIFEST FILE

(TRANSLATION TABLES)

ITEM NAME ITEM NAME ITEM NAME
0Z CODES- 0 - TCN 8 . BIDG a_

VERIFY 0 MANIF

I BRANCH " 4 I TIME-REC I. AID
S(DAY-REC%* HRS-REC) (DAY-ATD *HRS-ATD)

2. CARGO 1 2 TIME-SHP JOINT STORE

(DAY-SHP HRS-SHP) -- 2. LiNE

3 COMMOD L-44 CTYPE 3 ETD

(DAY-ETD * HRS-ETD)

4. HANDLING -_ .[5. AIR-COM

4 TDP
5. DIMENS- 6 SPC- HDL (HOURS)

7 AIR-DIM

8 PRTY

9. APOE

10. APOD

II. TR-ACCT

12 PCS

13. WGT

0 (TONS x IO4
I-

z 14. CUBED

"U. 15 BAY- LOC

16. AGE
Q (HOURS)

zoMJOINT STOREk; 17•,•I MAN- REF-e

c�.�18 TAR

"a) (HOURS)

19 JOINT STORECL 19 TDPI

0 _ (HOURS)
pl -- 20 AWGT

(LBS)

Figure 6 GIM DATA BASE MAPS
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The preparation of the data base required an analyst to select
and define the problem activities and to develop the data necessary
to support them. The analyst must be familiar with the candidate
DMS and must interact with operational personnel whose points of
view he will need to know in order to describe, refine, and validate
the problem definition. In general, this step may be reviewed
whenever re-analysis is indicated by the exigencies of actual runs
with the candidate DMS.

In fact, this step was reviewed several times in preparing for
the scenario, because problems with inconsistent data and data
formats could not all be handled by the scenario generation program.
For example, the occurrence of non-unique cargo shipment identifiers
was not anticipated in the preliminary file design. Allowing a
cargo shipment to have multiple values for number of pieces, weight,
and volume fields was considered the best quick solution, causing
the least disturbance to the port level data. In an operational
environment, of course, a non-unique cargo identifier would cause
GIM to ask the terminal operator to check his typing.

When data maps have been prepared, a programmer must then
generate the procedures and inputs to structure the files. For
GIM applications, this involves coding at least one GIM Access
Language statement per item or field in each file. These statements
add entries in a GIM user dictionary, which is itself a file, defined
by the master dictionary. Thus the language used to create diction-
aries is the same as that used to load data into CIM. The relation
between dictionary and data files is illustrated in Figure 7. All
of the transformations of the dictionary data, from analyst to key-
punch operator/typist are illustrated in Figure 8.

DISK PREPARATION

The next step prepares disk areas for the data base and creates
the master dictionary. GIM files are disk-resident, WiLh entries
packed into data structures called GIM physical records. This step
allocates available disk areas and divides them into segments. These
segments, the GIM physical records, are the storage units addressable
by the GIM software routines.

When the disk areas have been formatted and the master dictionary
has been created by GIM, each file is initialized and a master
dictionary entry is added for it. Next, user dictionaries are
entered, and finally, system synonyms are created. Typical entries
in the cargo dictionaries are shown in Figure 9.
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Level Example of Use

M/DICT ADD DICT M/DICT 'TCN' ... #
creates a master dictionary entry
defining a user dictionary.

(user) DICT ADD DICT TCN 'AWGT' ... #
creates a dictionary entry defining
a data item and all its attributes.

(user) DATA LIST ADD TCN 'FB8003702AOOOlXXX' ... #
creates a data record within which
values for the given attributes are
stored.

Figure 7. File Levels in GIM
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DATA BASE MAP

DATA LIST LAYOUT FORM

D T 

-T

C

C OL/BASE

NAME O MOD SEP IR/SC UPD/SC v/CONV CORRELATIVES V/TYPE v/MAX V/MIN V/PATTERN
o A/AMC
E

DICTIONARY INPUT (CODING) FORM

ADD DiCT

DL/ID' DICT/CODE "D"

DL / BASE

DL / MODULO

DL / SEPARATION"

IR /SC

UPD/SC

v / CONV

CORRELATIVES

V/TYPE

V / MAX

V/MIN

V/ PATTERN

CARDS / TERMINAL

Figure 8 DICTIONARY PREPARATION PHASES
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User Dictionary

Data values in this file describe the values that may be stored

in the file of user data.

Notes

TCN : 10 Defines a system synonym for. the tenth
DICT/CODE : S item of dictionary TCNý APOD.
DL/BASE : 10
DL/MODULO : APOD
DL/SEPARATION : 10
DL/CORRELATIVES Y211
DL/TYPE LA Single-value, replacement by new
DL/MAX 3 values, left-justified, alphabetic,
DL/MIN 3 of length 3.

TCN : PCS Defines the twelfth item of
DICT/CODE : A dictionary TCN, PCS.
DL/BASE : 12 Multiple values allowed, right-
DL/CORRELATIVES Y112 justified numeric field of
DL/TYPE RN maximum length 3 characters.
DL/MAX 3

User Data

TCN : AT80TSO0096058XXX Lists all values for the cargo
TIME-REC 32*22 shipment unit defined by
SERVICE ARMY this TCN.

CTYPE : GENERAL
AIR-COM : CONSTRUCTION&BLDG MATERIALS
SPC-HDL : SUBFREEZG.REFRIG.
AIR-DIM : UNASSIGNED
PRTY : R
APOE : SUU
APOD : PHJ
TR-ACCT : A205
PCS : 1
WGT : 70
CUBE : 3
AGE : -790. AGE is defined as time shipped

TAR : 790 less time received, which will

AWGT : 14.00 be illogical for TCNs (such as
this one) which are still in
port.

Figure 9. Dictionaries Compared to Data
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DATA LOADING

When dictionaries have been completed, data may be loaded. To
initialize the data base for scenario runs requires entering data
for all the cargo that would be in port at the beginning of the first
modelled day. A control variable input to the scenario generation
program allows the option of creating in the event stream the GIM
statements to add such cargo, so that running the first part of the
scenario will "load" the port.

Several problems were encountered with the data loading process.
First, estimating the disk area requirements and finding the best
organization for these areas is difficult, because the method of
storing any data into GIM files involves a hashing algorithm over
which the user has little control. The number of data "buckets"
(hash points) and the size of the "buckets" (number of GIM physical
records per hash point) are controlled, but finding values for
these parameters which are suitable to the data is a trial-and-
error process.

Second, data loading had to be repeated several times, whenever
structural changes to the files had been made. The character-by-
character storage of item values in GIM caused the value " 35" to
be unequal to "35", for example, and a dictionary modification was
made to reject on input values with the former format. Before this
change was made, some surprising query responses were received.

Another problem area associated with initial loading of user
data was the attempted use of the GIM system verb BULK, whose
acceptance of data inputs from a tape permits considerable savings
in GIM overhead over statement-by-statement loading. The "standard
GIM tape format" expected is unusual, and several other problems,
including lack of explicit documentation, compounded the difficulties
experienced with this feature. Several telephone calls to TRW
programmers, and discussions with other GIM users, failed to resolve
all the details of BULK use.

Relatively little human effort was required to load the data,
except for BULK tape production. Data input costs experienced in
an operational environment would be due to keypunching or typing
at a terminal and would be linearly related to the volume of data.
Machine time is also reasonably linear, until the disk area organi-
zation begins to cause many overflow records, a situation which
can be remedied, by finding better hashing algorithm parameters,
as described earlier.
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Computer resources required for port initialization to a typical
level (over 1500 TCNs) are estimated as follows: approximately two
seconds of 360/50 processor time per TCN, increasing to about two-
and-a-half seconds as the file fills. 3 (The 370/155 processor is
estimated to run three to four times faster than the 360/50.)

On the average, thirty-five disk accesses were required to add
a cargo shipment unit to the file, but this figure would vary widely
depending upon the amount of memory available to the GIM system. 4

Also, frequent checkpoint dumps were taken, requiring as many as 800
additional disk accesses and 45 seconds of 360/50 processor time.
Restoration to checkpoints was frequently required because operating
system crashes or input/output device problems would often interrupt
updating procedures, leaving inconsistent data in GIM files and
rendering GIM inoperable. These rough timing estimates apply to the
statement-by-statement addition of file entries, and hence are also
assumed to apply to file updating during model runs.

SCENARIO OPERATION

The scenario runs combine time-ordered file updates from the
input event stream with data retrieval requests, which may also be
entered from the input event tape or from the on-line terminal. Figure
4 shows the relationship of the various inputs and outputs involved.
The sequence of occurrences initiated by each of the primary event types
is as follows:

1. Cargo arrival: usually a TCN file entry is created for the
arriving cargo shipment unit, and all available cargo and
static processing descriptors are stored. Time received,
the only chronological descriptor applicable to cargo arriving,
is also stored. For cargo shipment units previously mani-
fested, these descriptors are added to the existing TCN file
entry.

3 At the highest port level, about 20 per cent of the cargo involved
overflow records (entries that would not fit in the "bucket" assigned
to them by the hashing algorithm). A better organization of the
disk areas later reduced the average ADD time to below two seconds.

4 Batch jobs at MITRE normally receive a 128K core partition; although
GIM can be forced to run with significantly less, degraded perfor-
mance should be expected.
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2. Pre-manifesting posting: an entry is created in the manifest
file, which lists each TON to be shipped on this flight and
the estimated time of departure. The manifest reference is
inserted into each TCN entry affected, with TCN entries
being created ior cargo which is not yet in port.

3. Flight departure: the appropriate manifest file entry is
updated with the actual time of departure (ATD), which is
also entered into each TON file entry associated with this
flight. The ATD is stored both in day/hour shipped format
and as a number of hours (for the age computation).

Secondary events, of course, involve those data items specified
in the retrieval requests. Figure 10 shows a typical sequence of
primary and secondary events as found on the model input tape, and
illustrates system responses.

Every modelled day produced an eight- or ten-inch high printout,
representing the combined actions of the cargo handlers logging cargo,
the load planner posting mission schedules, the production of lift
notices, and any transactions of the air terminal manager. History
tapes were extracted, or dummy tape units were specified to the
model to suppress the actual writing of these tapes. Evaluation of
scenario runs, wading through this printout and mapping the extracted
data tapes, turned up several problems, some of which involved re-
turning to preparation steps because of changed assumptions about
the available data or about the CIM documentation.

Most problems encountered in this stage, however, were of a
more operational nature: For example, the manner in which GIM soft-
ware is implemented for OS/360 occasionally hampered operations.
Whenever a tape wa3 to be required during a run, even if only for
taking a checkpoii~t after several hours of on-line activity, that
tape had to be mounted for the duration of the job, physically tying
up a tape drive. More careful macro-instruction issuing would have
allowed the user to defer this mounting, a standard option in the
0S/360 Job Control Language.

The resources required to run the model for one day at a large
cargo terminal like Travis can be summarized as follows: Six cylin-
ders of 2314 disk storage (about 875,000 characters) were allocated
for files, but less than two-thirds of that space was formatted into
CIM physical records. At highest port level, GIM used 9 per cent
of the available GIM physical records (about 52,000 characters);
the cargo files (including translation tables) occupied 70 per cent
(about 448,000 characters); and 13 per cent (about 75,000 characters)
was still available. The density of data in the occupied records

121



TRANSACTION 2687
STATEMENT ADD TCN 'FB526000230601XXX' TIME-REC "33*9" SERVICE "F" CTYPE "3"
AIR-COM "V" SPC-HDL "Z" AIR-DIM "H" PRTY "1" APOE "SUU" APOD "HIK"

TR-ACCT "F8AO"
PCS "6"
WGT "360"
CUBE "6"
TAR "801"

@FB526000230601XXX@ ADDED.

TRANSACTION 2688
STATEMENT ADD TCN 'AT87FX93386502XXX' TIME-RE3 "33*9" SERVICE "A" CTYPE "3"
AIR-COM "V" SPC-HDL "Z" AIR-DIM "S" PRTY "R" APOE "SUU" APOD "SGN"
TR-ACCT "A205"
PCS "i"
WGT "20010"
CUBE "135"
TAR "801"

@AT87FX93386502XXX@ ADDED.

TRANSACTICN 2704
STATEMENT ADD MANIF 'DP' ETD "33*19" LINE
"BVSCAP00191843XXX"
"DVSHBP00280001AXX"
"FB526993144781XXX" ..

@DP@ ADDED.

TRANSACTION 2705
STATEMENT ADD MANIF 'DQ' ETD "33*19" LINE
"AT80MP92814003XXX"

@DQ@ ADDED.

TRANSACTION 2716
STATEMENT ADD TO MANIF 'CX' ATD "33*9" TDP "801" #
@CX@ UPDATED.

Figure 10. Event Stream Inputs and Responses
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TRANSACTION 2717
STATEMENT ADD TO MANIF 'CY' ATD "33*9" TDP "801" #
@CY@ UPDATED.

TRANSACTION 2722
STATEMENT LIST ONLY EACH TCN AIR-DIM WGT TIME-SHP
WITH DAY-SHP EQ "32" #

TCN ............... TIME-SHP AIR-DIM WGT...

FB44480030X138XXX 32 3 C-124 5
N004079357HO01XXX 32 3 C-124 6400
R0462993573350XXX 32 3 C-124 75

FB528000052569CXX 32 22 UNASSIGNED 295 (two cargo shipments have
305 arrived with this identifier!)

FB526400290127XXX 32 22 C-119 880

TRANSACTION 2724
STATEMENT COUNT ANY TCN WITH NO DAY-SHP ANDD WITH SPC-HDL EQ "W"#
NUMBER OF ACCEPTABLE ITEMS = 32

TRANSACTION 2725
STATEMENT ADD TCN 'FB528100283196XXX' TIME-REC "33*10" SERVICE "F" CTYPE "3"
AIR-COM "A" SPC-HDL "Z" AIR-DIM "V" PRTY "2" APOE "SUU" APOD "VCR"
TR-ACCT "F8AO"
PCS "i"

WGT "900"
CUBE "14"
TAR "802"
#

@FB528100283196XXX@ ADDED.

TRANSACTION 2726
STATEMENT ADD TCN 'FB525000263205XXX' TIME-REC "33*10" ...

Figure 10. Event Stream Inputs and Responses (Concluded)
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was between 70 and 80 per cent, which produced much of an observed
52 per cent expansion of file size from the original history tape.
The remaining expansion is attributed to system overhead and built-in
redundancy, such as the numeric fields which contain a number of hours
duplicating hour/date items, but which were required for age-in-port
calculations with the limited arithmetic functions available in GIM.
This density falls within the range recommended for efficient updating.

As might be expected, more computer resources were required to

run the scenarios than for any other stage of the exercise. Over
65 per cent of the processor time and 87 percent of the total disk
accesses used were utilized in running fewer than 200 modelled hours
and in "loading" the port four times. In general, of course, these
amounts depend greatly on the number of times structural changes to
the files were made and reloading was necessitated, and on the number
of different scenarios actually run.

The on-line mode of operation was a useful adjunct to the event
stream input from tape. Response times were best when qualifications
involved primary items -- that is, TCNs or manifests queried by name;
three to four second response time (measured between end-of-message
transmission and the terminal commencing to type the response) was
usual, with two-and-a-half seconds being the observed minimum (the
time to return a syntax error message, for example). With queries
involving simple selections based on qualifications of data values,
other than for the primary items discussed above, twenty to forty
second response times were not uncommon when searching the entire
cargo file (at a typical load of 1600 TCNs). Twenty seconds was
the observed upper bound for most queries selecting values from the
manifest file (with 200 or more flights).

Problems involved with the on-line mode of scenario running were
due primarily to its impact on the normal operation of the computer
facility. The elapsed time during which GIM remained active on the
computer (i.e., in a partition) was often so long that the computer
operators would request that operation of GIM be terminated in order
to free machine resources for other users. The lack of the deferred
tape-mounting option (mentioned earlier) was part of this general
problem.

The scenario-running stage required the time of computer operators
primarily, and of programmers to arrange/supervise the activity and
perform further processing on extracted data. The on-line mode re-
quired some effort as well, but mostly in the scenario-preparation
(script-writing) step.
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VALIDATION OF ACTIVITIES

Once some scenarios have been run, the next step is to begin to
evaluate the results. This evaluation has two facets: first, deter-
mining the accuracy of the model, that is, how well it represents
real activities. Second, verifying that the model encompasses the
full range of processing required for real activities, including
processing which, though not explicitly modelled, would be handled
by a full implementation of the system.

Evaluating model accuracy is a counterpart to the problem
selection process, in that it requires an awareness of the operotional
user's point of view to insure that the modelled products correspond
in esser:tial details to the actual products. There is an element
of feedback, of course, whereby the experience with the DMS, or merely
the planning of DMS usage, will suggest alternative practices, espe-
cially in procedural areas. For example, some routine report genera-
tion might be obviated by the availability of an on-line querying
capability. This could completely change the specific requirements
to be satisfied by the DMS. Such possibilities should be anticipated,
and the requirements to be met by a DMS should be open to modification
during the entire conduct of the evaluation.

Another example of potential benefit based on the experience
with the cargo data is the impact of GIM's input validation feature.
Even with the few checks made, it is possible to envision how DMS
usage in MAC's Cargo Documentation Subsystem could affect error-
tracing procedures. Catching typographical errors while logging
cargo into the port, for example, would imply considerable reduction
in the volume of error-tracing messages sent over the communication
lines.

A major goal of running a realistic problem is to exploit the
available data management functions as fully as possible within the
scope of the evaluation process. This is accomplished by direct
contact with the vendor, with other users, and with personnel in-
volved in the current activity for which a DMS is being planned.
All of these sources of information were utilized in running cargo
receipts scenarios under GIM. The MITRE MACIMS group rendered
assistance during the problem preparation and verification stages;
TRW was called upon to explain details lacking in the user docu-
mentation, and th ,e parameters or procedures that were installation-
dependent; and TRW staff and other MITRE users of GIM (not involved
with the cargo receipts activity) were influential in improving the
GIM implementation of the application.
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The approach taken for this problem toward report generation
under GIM, for example, was the direct result of the advice of
another GIM user. Producing a GIM report involves extracting a file
subset and running it interpretively against another GIM file which
describes the processing and formatting of the report. The other
MITRE GIM user estimated that the ratio of computer time used, between
this mode of operation and running a COBOL program against the ex-
tracted data subset, is on the order of hundreds-to-one. Also, the
preparation of the GIM files which describe the processing and for-
matting of reports entails the use of an extremely complex descrip-
tion language. These factors dictated the emphasis toward on-line
aspects of the cargo receipts problem and the assumption that exter-
nal processing would be done as required, especially for standard
report production. The effort required for the problem would probably
have been magnified significantly by any attempt to include the
Generalized Reporting Capability of GIM.

SUMMARY OF ACCOMPLISHMENTS AND COSTS

At some point, the process of refining the correspondences
between the modelled and the actual activities must cease, so that
what could and could not be done in support of the problem by the
DMS may be summarized. The GIM model is thought to represent a fair
sampling of every type of processing that might be required of a
data management capability for MAC cargo-handling. This claim must
be tempered by a statement of the constraints on this problem. The
data available and the distance from the users of the actual, current
system whose capabilities were modelled placed some atypical limita-
tions on this activity as an evaluation of a candidate DMS. (The
goals of this activity, it should be remembered, did not include the
recommendation of a DMS for MAC's Cargo Documentation Subsystem.)

GIM showed several strengths. Those aspects of cargo-handling
facilitated by availability of immediate, current information were
handled well by the model. The load planner's and the air terminal
manager's interactions with the files recommend themselves to this
mode of operation. Ad hoc queries (of certain types) would also be
more convenient to run. And operational upgrading, such as logging
cargo arrivals via an on-line terminal, seems to be a straightforward
implication of GIM use. The volume of transactions did not appear
excessive for the GIM system, either; a typical day of over fifty
flights and about a thousand cargo shipment units could be run in
just over two hours' elapsed time on the average. 5

5 On the 360/50, under OS with MFT; scenarios were normally run during
the night, but with moderate-to-heavy system load.
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The weaknesses of GIM for the cargo receipts activity can be
summarized in two areas: the limitations of the access language
(and its documentation) and the relatively restricted interface
available to further processing (because of the specialized tape
format). For example, many desired queries contain phrases like
"by channel", "by priority", or "by cargo type". The sorting of
selected records that this implies is not available in the access
language, although it is part of the Generalized Reporting Capabi-
lity.

The documentation provided to MITRE by TRW contains no explicit
definitions of the GIM Access Language syntax. Exposition proceeds
by examples of typical uses of most verbs, giving little guidance as
to their restrictions and subtleties. For example, the hierarchy
between logical operations in qualification clauses cannot be guessed
from the examples and assurances given in the user documentation.
Only the simplest cases are covered. The absence of a centralized
source (document or person) of information about GIM implementation
under OS was also annoying. But, it should be remembered that these
are only procedural difficulties encountered in "learning the system".
GIM supplied the basic capability to support all those activities
which were definable within the constraints of our activity, with a
basic weakness only in the access to mass amounts of data. Perhaps
our reluctance to force GIM to create all the standard cargo move-
ment reports, which was a factor in this problem, would also be a
considdration in a full implementation of a DMS for cargo-handling.
Standard report generation might be accomplished by the continued
use of current COBOL routines, with perhaps a preprocessor added to
convert GIM-extracted data to the input formats required.

Overall, the activities described in this paper required approx-
imately five man-months of effort and over twenty-two hours of 360/50
processor time. 6 A breakdown of the resource use by activity step
is given in Figure 11. Compared to a full implementation the costs
are small, and there is a high probability that, in addition to
evaluating a specific DMS, DMS requirements will have been clarified,
and the candidate DMS will have been a useful design tool.

6 Estimation of processor utilization is hampered by the changeover
from a 360/50 to a 370/155 configuration during the activity, but
a ratio of 10 to 3 has been suggested, and is incorporated in the
calculations given here.
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The steps involved in preparing and running a problem activity

against a DMS to provide inputs to an evaluation/selection process

have been described for one of the standard problems and one of the

representative data management systems being used at MITRE. The

problems, achievements, and costs of the activity have been identified

to provide the reader with some data for assessing this approach to

evaluating and selecting DMS capabilities.
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DESIGN/EVALUATION DISCUSSION GROUPS

During this symposium, three periods were set aside

for discussion. The first two periods were concerned with

the problems of designing and evaluating generalized data

base management systems. Several systems were discussed in

the light of personal experiences of some of the attendees.

Nothing was solved, but the discussions promoted communica-

tion and pointed out the need for future symposia related to

these topics.

The final day was a wrap-up session chaired by our

distinguished discussion moderators, Dr. A. G. Dale of the

University of Texas at Austin and Dr. Edgar I1. Sibley of the

University of Michigan. They related the topics of the

symposium to the following subject areas:

Axioms for System Development

1. Information systems are capital investments.

2. Build success criteria measurement into an

operational system.

3. The system is for the user.

4. Establish landmarks.

S. Don't be afraid to cancel projects.

6. Get management to participate where it ccunts.

7. System development is an iterative process.

8. Consider as many design alternatives as are

feasible.
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9. The great leap forward is best accomplished in

short comfortable hops.

10. When in doubt.. .document.

11. Use documentation to structure the design process.

12. Establish checks and balances.

13. If you can't plan it, you can't do it.

14. Procedures are as important as programs.

15. Conversion is a system. (Cost of conversion is

part of capital investment.)

Today's Research and Development

1. Development of storage structure languages.

2. Analysis of accessing techniques.

3. Lxtension of host language systems by self-

contained functions.

4. Data base restructuring algorithms.

5. Data gathering on system performance and data hase.

Problems of Large System and File Design

1. How is worth of information determined?

2. How is the user charged for storing his inf'ormation,

retrieving it and maintaining it"

3. Htow do we check the validity of data in the ifilhe"

4. liow to determine the net woorth of the system

concerning 1-3.
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5. How do we specify user requirements?

6. Given a set of data requirements, in what ways

may data be structured?ý

7. Can a few general access methods be designed to

interface all large and complex files efficiently?

8. Is the overload of GDBMS too great a range of user

files?

"9. Is is possible to define a language which describes

t hc mapping oafdaa -y .... a s uc-I'- S tUIV

CONCLUS I ON

At this last session, it was the consensus of opini on

of the attendees that there is a need for a technical working

group to he formed. The purpose of this working group would

be to provide a forum for discussions between personnel

involved at the working level of research, design and

implementation of generalized data base ma nagement svyStems.

In addition, this group would publi sh its findings to provide

management with a tool to aid in making decisions about

these systems.

It was decided by) the attendees that the USAF Academy

should take the initiative in forming the working group and

that information about the group should be ,Jva ilabl.]e lY the

end of January 1971.
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The symposium was extremely successful in providing a

means for communicating between personnel involved in the

design and evaluation of data base management systems. As

a result, future symposia will be held at the USAF Academy in

the area of data base management systems.
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