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PREFACE

This report identifies Remote Terminal Emulators by
trade name for the purpose of identification; inclusion of
a system in this report in no way implies a recommendation
or endorsement by the National Bureau of Standards.
Similarly, the omission of a system does not imply that its
capabilities are less than those of the included systems.
The information presented was obtained primarily from
vendors' documents and/or conversations with vendors'
representatives and was reviewed by each vendor for clarity
and accuracy as of September 1976; the authors retain final
technical judgment on the information included. The
presentation should not be construed as a certification that
any system provides the indicated capabilities. This report
is intended to be informative and instructive concerning
remote terminal emulation; it is not an evaluation of the
emulators described.
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Survey of Remote Terminal Emulators

Shirley Ward Watkins
Marshall D. Abrams

ABSTRACT

This report describes twelve Remote Terminal Emulators
(RTE's). The key terminology associated with remote
terminal emulation is defined and possible application areas
are discussed. Technical implementation details and
operational considerations are addressed for each RTE.
Summary tables are provided to indicate current RTE
capabilities and capacities, as claimed by the RTE
developers

.

Key words: evaluation; interactive; measurement;
performance evaluation; performance measurement; remote
terminal emulation; Remote Terminal Emulators;
teleprocessing

.

1. Introduction

Remote terminal emulation is an approach to the test
and evaluation of teleprocessing computer systems in which a
driver is implemented external to and independent of the
system being tested. The driver, called a Remote Terminal
Emulator (RTE), exerts a specified teleprocessing workload
on the system 9uch that it appears to the System Under Test
(SUT) that it is connected to live terminal devices.
Examples of devices emulated include asynchronous
interactive keyboard terminals, synchronous interactive
terminals, and synchronous batch stations.

This technical report surveys currently implemented
Remote Terminal Emulators. Brief historical perspectives on
computer usage and corresponding approaches to determining
performance are provided. The key terminology associated
with remote terminal emulation is defined and possible
application areas discussed. Twelve Remote Terminal
Emulators are described followed by a discussion of
application-oriented problem areas. The appendices
summarize certain features or capabilities for all the
implementations

.

1



1 . 1 Historical perspective on computer usage

Computers which entered the marketplace in the early
1950 's restricted processing to only one program or job at a
time. The person/computer relationship was one-to-one as
the user interacted with the computer from the system
console. This relationship was geared toward a machine with
minimal consideration for the human attempting to use it as
a tool. The development of an operating system was a major
improvement in the person/computer relationship because some
of the general management tasks, such as data conversion
routines and input/output procedures were assumed by the
computer. At this time the structure of the person/computer
relationship also changed. Typically programs, data, and
run cards were prepared by programramers , also called users
of the computer. Information was key-punched on cards in a
given format and submitted to an operator at the computer.
The operator was responsible for loading the cards into the
card reader and collating the output from the user's job.
Now instead of one person submitting a job to a computer,
many were doing so simultaneously. The technique of
grouping jobs prior to processing is referred to as batch
processing

.

In batch processing the time between submitting a job,
having it processed, and obtaining the results is dependent
upon many variables; but in such an operation it is
expected that the user may wait several hours, perhaps
overnight, before knowing the results of the submitted job.
Upon returning for whatever output is expected, it is not
unreasonable to assume that the user is greeted with the
unexpected a program error. The error must then be found
and corrected, cards repunched and organized, and the entire
process begun again. Such usage of computers has
predominated over the last two decades.

Moving batch input/output devices to locations more
convenient to the computer users was the next development in
the usage of computer systems. These devices could reside
in a room next to the computer or miles from the computer.
Due to the physical location of the batch devices, this type
of processing is called remote batch.

Over the last decade another type of person/computer
relationship evolved reminiscent of the usage of the early
1950 's. Once again the user appears to be in a one-on-one
situation with the computer; however, instead of sitting at
the console or at a terminal adjacent to the computer, the
user may be sitting at a terminal tens or hundreds of miles
away. The person/computer relationship is dependent upon a
communications facility, and while it may appear to the
users that the computer is theirs alone, in actuality many
other users are sitting at terminals and communicating with
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the computer under the same illusion. This technique is
called time sharing because intervals of computer time are
apportioned among the users» Now instead of submitting
decks of cards to an operator, the user enters work directly
to the computer via the keyboard of a terminal. Instead of
waiting hours for the results of a computation, the user
obtains results in seconds or minutes. Due to the
appearance of the person/computer relationship, this mode of
usage has been termed interactive or conversational.

The term teleprocessing denotes information handling in
which a data processing system utilizes communications
facilities. It includes the previously defined interactive
and remote batch usage of computer systems*

1»2 Historical perspective on measurement and
evaluation techniques

The performance of the early computers was typically
evaluated by one of two methods. The scientific-oriented
computer systems were evaluated in terms of individual
arithmetic instruction speed. Dependent upon the
calculations to be performed by the computer, the various
arithmetic instructions were weighted and approximation of
the time required for the average calculation was made based
on the instruction speed. The "fastest" instruction set for
that application was the determining factor in system
evaluation. The performance of commercial "data processing"
computer systems was viewed from the opposite end of the
spectrum. Processing time was virtually ignored. Rather,
computer systems were assessed on their input/output
characteristics: e.g. the record reading and writing rate,
the cards per minute read/punched, and the lines per minute
printed. (Drummond[ 1973]

)

A logical measure of the performance of a batch
processing computer system is the number of jobs executed
per unit time. This measure is commonly called throughput.
Hardware components, such as the Central Processing Unit
(CPU) and peripheral devices, and software components, such
as the scheduling algorithm and interrupt handling, are
monitored to determine utilization and performance. The
elapsed time it takes to process one particular job is not a
major concern because the users are not normally waiting in
the computer room. An added delay of a few minutes or hours
does not reflect upon the overall system performance if
delaying that job enables the execution of many other jobs.

In interactive systems, performance evaluation is
augmented by a concern for the processing of individual
jobs. The user is of foremost concern in determining the

3



level of performance of the computer system, Abrams and
Cotton[1975] suggest that such measures as response time,
availability, accessibility and reliability are pertinent to
determining the performance of a teleprocessing system.
Response time is frequently defined as the elapsed time from
the end of a user's input to the beginning of the system's
corresponding message. Availability refers to the interval
of time that the computer system is up and capable of
performing functions. Accessibility is the counterpart of
availability; it included an individual user's ability to
access the resources of the computer system. Reliability
refers to the computer system staying up and the ability of
the computer to function with a minimum number of errors.

These user-oriented measures have required the
development of new techniques for determining the
performance of computer systems. Remote terminal emulation,
as described in the next section, is one of these new
techniques to determine the performance of interactive,
teleprocessing computer systems.
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2. Terminology

This section defines key terminology related to remote
terminal emulation which is used throughout this report.
For the most part these definitions are the product of
discussions with many groups, including implementors of
remote terminal emulators. The purpose is to establish a
common ground for the technical descriptions presented
herein

.

2.1 Remote terminal emulation

Remote terminal emulation is an approach to the
performance evaluation of teleprocessing systems in which a
driver external to and independent of the System Under Test
(SUT) connects to the SUT through its communications device
interfaces, either locally or through a communications
network, and interacts with the SUT as if the driver were a
set of terminal devices and operators. The communication
protocols of the normal teleprocessing system are used. In
fact, the SUT should be unable to distinguish between
communicating with the driver, and with real users and
terminal devices. Integral to this technique is a monitor
which captures data descriptive of the driver/SUT
interaction. Through analysis of this data, performance
determinations are made.

A Remote Terminal Emulator (RTE) is a specific
implementation of a teleprocessing workload driver employed
in remote terminal emulation. A variety of RTE's are
described in this report and, as will be observed, RTE's are
implemented on various sizes of machines — from
minicomputers to large scale computers. As specified in
this report, an RTE must be able to replace the entire
terminal workload on a SUT. The RTE must therefore be
capable of emulating all, or any part, of the teleprocessing
workload. Due to this definition, there is a class of
external drivers which are not included in the
classification of RTE. Such devices as the Rand
Monitor/Stimulus-Generator (see Lockett and Bell[1975] and
YoshirauraC 1975] ) do not meet this definition in that they
are limited in the workload which can be emulated.

A monitor to record selected events is a required
component of the remote terminal emulation process. Most
RTE's incorporate this monitor component; however, a
co-resident monitor is not a requirement for a device to be
classified as an RTE. It is also possible that an RTE may
reduce the data collected by the monitor, but this function
may also be performed by another computer. Figure 1

demonstrates the components of the remote terminal emulation
process

.
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Figure 1 . Remote Terminal Emulation

There are implementations of workload drivers which
reside either within the SUT or in its communications
front-end. Due to their location, these drivers are called
internal. SUT resource dependency excludes these specific
implementations from the classification RTE. In the
interests of control and repeatability of testing, and of
creating as near a duplication as possible of a specified
workload and its effect on the SUT, the driver must be
external to and independent of the SUT for the device to be
an RTE.

2.2 Determinism of SUT's

A SUT is called deterministic if the same sequence of
terminal inputs always elicits identical system responses.
In this case the RTE need not provide response analysis;
that is, it simply sends predetermined sequences of

6



characters to the SUT, expecting that the responses are also
predetermined. However, in interactive usage of computer
systems it is not uncommon to receive operator messages,
such as, "WAIT" or "STORAGE LOW, PLEASE DELETE UNNECESSARY
FILES." These unsolicited messages are random and require
that an RTE be able to react to the unexpected.
Teleprocessing systems by virtue of their interactive nature
are non-deterministic, and unsolicited messages of varying
content are a reality,

SUT determinism directly impacts the issues of
repeatability and flexibility. Repeatability requires that
each time an RTE presents an activity to the SUT the
observed performance differences are due to the SUT and not
to the RTE. Flexibility requires that an RTE not abort an
otherwise useful activity due to an extraneous perturbation
in the environment. There are several trade-offs in dealing
with these issues depending upon the type of application.
As will be discussed in section 5, in-house testing of a SUT
generally requires more flexibility than does testing to
assist in selecting from among alternate systems or services
for the purpose of procurement. In procurements
repeatability is the overwhelming concern since an
unexpected response may indicate to the vendor that the SUT
should be reconfigured before continuing the test.

2.3 Scenario

A scenario describes the user workload in a machine
independent form. Functional activities to be emulated,
such as the exercise of various subsystems (compilers,
editors, application packages, etc.) are specified in the
scenario. All actions, pauses, and decisions to be made by
the emulated users are designated. Ideally scenarios are
written independent of any SUT or RTE.

As an example of the importance of machine independency
of the scenario, consider the use of RTE's for comparing the
performance of different teleprocessing systems for the
purpose of selection. The scenario insures that the
workload specification is written independent of any system
or special functions of a system. This implies that
approximately the same effort is required of each vendor to
translate the scenario into the representation suitable for
the vendor RTE. This same machine-independency principle
insures that the RTE's of the various vendors are also
equitably treated. Figure 2 provides a sample scenario.
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Enter program "A."
Submit program for compilation.
Correct errors in lines 10 and 15.
Submit program for compilation.
Correct all remaining errors.
Enter data "B" into file system.
Execute program "A" using data "B."

Figure 2. Sample Scenario

2.4 Script

A scenario is translated into a script dependent on
both the SUT and RTE. The script contains the characters
which constitute the user/system interaction, and the time
sequence information describing the relationship among the
characters. The script contains many elements in addition
to a source language program and a set of data. For
example, an interactive script might specify logging onto a
system, creating a program to be stored in the file system,
compiling, linking and loading, and executing. In
execution, input and output might be conducted between the
program and the terminal as well as between the program and
various files. A script may contain a mixture of commands
at the executive command level, subcommands and other
interactions with various subsystems, programs, and data.
Embedded in the sequence of this task execution are
typically commands to the RTE which indicate the speed to
transmit characters from the terminal device and the elapsed
time to wait after receiving a system message before issuing
the next input from the emulated device. Figure 3 is an
overview of the scenario to script process and Figure 4

shows the hypothetical translation of a scenario statement
into the text which would be included in the scripts for
three different SUT's.
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Figure 3. Scenario to Script Process

Scenario

;

Enter program "A,"

Script li @ ED,I AYE
(type text of program "A")
@EOF

Script 2± MAKE AYE. FOR
I (type text of program "A")
<ESC>EX<ESC><ESC>

Script 3: TECO
I (type text of program "A")
<ESC>
;U<ESC>
AYE.FOR<CR><CR>

Figure ^. Scenario to Script
Translation
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A script may be thought of as the program which an RTE
executes in order to perform the functions designated in the
scenario. One script is required for the control of each
emulated device. It is possible to permit several devices
to execute the same script. Depending upon the RTE
implementation, this is performed either by reentrant
(shared) programs or creation of identical script files, one
for each emulated device.

Dependent upon implementation, a script may be executed
interpretatively or be compiled to produce machine code. In
any case, it is possible for the term "script" to imply code
that is human-readable or machine-readable or both. In this
report script will be used to denote the human-readable
representation.

2.5 Scene

When an RTE is applied to a SUT, the totality of
characteristics associated with that application is called a
scene. In order to determine the performance of the SUT, it
is necessary to record pre-defined aspects of the RTE/SUT
interaction. This procedure is called scene monitoring.
The scene characteristics to be logged are determined by the
features of SUT performance to be evaluated. An example of
the type of information logged is SUT response time. The
function of scene monitoring may be performed by either the
RTE or a monitor independent of both the RTE and SUT.

2.6 Integrity confirmation

Applying an RTE to a system for the purpose of
performance determination raises three questions:

1. What is the performance of the SUT?
2. Can the RTE execute the necessary functions?
3. Is the RTE performing properly during
its application to the SUT?

Integrity confirmation encompasses these three concerns.

Determining the performance of a SUT by any technique
is termed performance validation. Whatever motivates
performance determination activities, be it system
improvement or selection, it is how a system performs that
is of interest.

10



To insure the integrity of an application of a
performance validation device, the performance of that
device should be tested prior to and during its application
for the purpose of testing a system. Certification is the
process of testing a device prior to its application.
Certification corroborates that the device is capable of
performing the specified functions. Consider the following
example specific to RTE's; if 300 terminals are required by
the scenario, certainly an RTE which only emulates 20 is
unsuitable

.

Certification alone however is not sufficient.
Verification is the process of determining the integrity of
the application of the device. Examples of the type of
concern addressed in this process are; is the device
executing the tasks specified in the scenario, is the device
emulating the correct number and kinds of devices specified
at the correct transmisson speeds, and is the device
recording the scene accurately for later analysis?

To summarize, the three integrity confirmation concerns
are: the SUT's performance (performance validation), the
ability of an RTE to perform specified functions
(certification), and the RTE's performance during
application (verification).

11



3. Applicability

By far the majority of RTE's were developed for
in-house testing of computer systems including program
development, package testing, and operations testing. In
fact, one RTE was originally designed to test the design of
a new line of terminals rather than a computer system.

In program development RTE's have been used for the
functional testing of individual modules. Later, the
various combinations of the modules are tested. Once the
software is integrated, it is stress tested by an RTE.

An RTE is also useful in the area of package testing.
Functional and stress testing of an entire package,
performance prediction and testing, and measurement of the
impact of the package on the total system are examples of
this type of application.

In the area of operations testing, an RTE can aid in
the determination of control limits, stress testing, and
system tuning. In addition, RTE's have been used for
testing the effects of hardware and system software changes,
and the effects of changes in program packages. Only after
RTE's were introduced for these applications, were they
considered for procurement and contract monitoring.

One RTE (section 4.1) was developed for the express
purpose of procurement usage ( 1 ) . The RTE exerts a
repeatable, controlled workload on a computer system which
enables the interactive benchmarking and testing of
teleprocessing systems. For procurement of computer
services, RTE's also offer assistance in the area of
contract monitoring. Once teleprocessing computer service
is procured, an RTE can be used for periodic testing to
insure that the contractually-agreed upon level of service
is delivered.

(1) Federal Government agencies should note that at the
present time the use of RTE's may not be made a mandatory
requirement in an RFP nor may the results of its application
be the sole basis for a selection decision. (GSA[1975])
Since changes are anticipated in Federal procurement
regulations, agencies are advised to determine what
restrictions may exist at the time they consider the use of
RTE's.
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4. Implementations

There are twelve currently implemented RTE's reported
in this survey. All RTE's for which the authors were able
to obtain information are included. The RTE's come in
varying sizes with varying capabilities. Appendices A
through F summarize a few features of the different
implementations

.

The RTE's are presented in alphabetical order by
implementor. Their descriptions are subdivided into eight
outline categories. In the interests of uniformity, each
RTE description is fitted as closely as possible to the
outline. If there is no available information for a given
outline entry, the entry has been listed even though
unfilled

.

Information pertaining to special or unique features of
an RTE may be found in Subsection 1, "General description,"
Also included in this section are any psychophysical
activity that the RTE performs (e.g. user think time and
typing rate)

.

Subsection 2, "Hardware considerations," discusses both
the hardware on which the RTE is implemented and the
hardware which it tests: i.e., the System Under Test (SUT).
Information on the RTE/SUT interface and devices which the
RTE emulates is also located here.

Subsection 3, "Script preparation", contains
information descriptive of the process of creating the
scripts which the RTE executes.

Subsections 4 and 5 deal with the data descriptive of
the RTE/SUT interaction. "Data acquisition" describes
monitoring techniques, data format, and time-stamping.
"Data summarization" describes the reports which are
generated and the types of information summarized.

Subsection 6, "Integrity confirmation", describes any
procedures that can be used in the certification,
verification and validation processes described in section
2.6.

Subsection 7, "Current usage," contains the current
status of the RTE in terms of its availability to those
outside the organization which implemented it, and in terras
of the ways in which the implementors are using it.

Potential problems and benefits are contained in
Subsection 8, "Operational considerations." In addition,
interesting experiments involving the RTE are described in
this section.

13



The descriptions of the RTE's vary in length. This is
strictly due to the amount of published material which is
available on each device. In addition, some of the RTE's
have been used in environments where publication of results
is less restricted than others. For example, when an RTE
has been used in procurements, this type of data is not
readily available for distribution. Tables 1 and 2 preview
the RTE's to be discussed. Table 1 lists the hardware on
which the RTE's are implemented, and Table 2 lists the
systems which have been tested by the RTE's.

NOTE: The identification of certain commercial equipment
and products in this report is done to adequately identify
the RTE's discussed. In no sense does the identification
imply recommendation or endorsement by the National Bureau
of Standards.
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Table 1

RTE Implementation Hardware

{ RTE 1
Hardware I

! Air Force/MITRE DVM | Data General Nova 800 j

1 Burroughs System/DCEM I B 6700 or B 7700 I

1 Control Data Corp. BARTER |
Peripheral Processing I

Unit of a CDC system
|

j Digital Equipment Corp.
|

! .Sp i nt". Ma r» h i n p ! PDP 11/20 * I

I Hewlett Packard TEPE I HP 2100 1

1 Honeywell CUESTA !

1 1

1 1

H 6000 or 1

Level 66 Series 60 j

1 Honeywell DATUS 1 Datanet 30 !

1 IBM DB/DC Driver 1 IBM 370/145 * !

1 IBM TPNS 1 IBM 370/145 * !

1 Tymshare MSUS 1 XDS 940 1

! Univac CNE i
Univac 1100 series I

1 Univac CS1100 i Univac 1100 series
i

* Minimal hardware on which the RTE may be configured.
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Table 2

Systems Tested *

1 RTE
1 Systems Tested |

1 Air Force/MITRE DVM
j

1 j

i i

Burroughs 6700 i

CDC 6600
i

Honeywell 635 and 6180 I

IBM 370/155 !

Univac 1108
I

1 Burroughs System/DCEM
| B6600 and B6700 I

1 Control Data Corp. BARTER ! Cyber series
I

1 Digital Equipment Corp. 1 PDP 11/70 1

1 Hewlett Packard TEPE I HP 2000 and HP 3000 I

1 Honeywell CUESTA 1 H 6000 series I

! Honeywell DATUS I H 6000 series
!

! IBM DB/DC Driver | IBM 360 and 370 series
i

1 IBM TPNS J IBM 360 and 370 series
|

I Tymshare MSUS i
Tymshare network service J

1 Univac CNE 1 Univac 1100 series 1

1 Univac CS1100 j Univac 1100 series
i

* While the design of a specific RTE may not limit its
application to these systems, this table only lists systems
which are known to have been tested by the given RTE.
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4.1 Air Force/MITRE's Remote Terminal Emulator

The MITRE Corporation under the sponsorship of the Air
Force Directorate of Automatic Data Processing Equipment
Selection, the Electronics Systems Division of the Air Force
Systems Command, and the Deputy for Command and Management
Systems, developed two design verification models (DVM's) of
their RTE in 1972 and 1973. While the majority of RTF's
have been developed to test one specific system or family of
systems, this emulator was designed as a general procurement
tool which would be applicable across system boundaries.
Therefore, unlike other RTF's which may require even a

slight modification to the System Under Test (SUT), for the
Air Force/MITRE RTE this approach was not acceptable. There
is a wealth of documentation on this emulator and its design
criteria and specifications. (See MITRE [1973-1975].)

One DVM, called the "fixed-site system," resided at
MITRE, Bedford. The other DVM, called the "on-site system,"
was transported to the SUT. The primary use of the
fixed-site system was to develop programs and scripts (2),
and it connected to a SUT via the switched telephone
network. The primary use of the on-site system was detailed
test and evaluation of the SUT; as such it was
representative of the type of emulator which the developers
thought would be appropriate to a procurement selection
procedure. The on-site system was moved to the site of the
SUT and interfaced through cables directly to the SUT's
communication line adapters. (Vol. 1, MITRE[ 1 973-1 975 ]

)

M.1.1 General description

Dependent upon the DVM used, connection to a SUT may be
accomplished either by local cabling or via the telephone
network. To maximize real-time operating efficiency,
scripts are pre-assembled to produce machine code for a DVM.
This code is tailored to the specific terminal type and data
control procedures for each emulated device. During
execution scripts are transferred into core from disk, and
are processed by an interpreter running under a real-time
executive (Exec) designed specifically for this RTE. The
Exec is an application-dependent, multi-tasking monitor
which was implemented to free the interpreter from such
general management tasks as I/O interrupt handling, data

(2) The definitions of script and scenario which appear in

the literature on this RTE are not identical to the
terminology defined in section 2 of this report. In the
interests of consistency, the authors will describe the
DVM's in the terminology of this report.
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buffering, scheduling, and dynamic core allocation (Vol. 6

of MITRE Corp. [1973-1975]).

The "equipment table" is central to the operation of
the emulator. This table, which is defined by the user of
the emulator, describes the emulated devices. Included in
the descriptions of emulated devices is definition of the
hierarchies of equipment such as terminals attached to a
controller

.

There is a script command to specify delay or think
time for emulated devices. However, there is not a script
command to regulate typing rate. An option does exist for
an emulated device to transmit characters at a different
rate than it receives them. Once specified, all characters
are sent from the emulated device at that speed. That is,
if a device is connected to a SUT via a 2400 bps
communication line, all characters sent by that device to
the SUT are at 2400 bps.

There are several commands which are available to the
operator of the emulator during application. The operator
may start, stop, and restart the actions of emulated
devices. The status of an emulated device may be obtained,
and the queries and responses associated with one or more
devices can be monitored via the control teletype. There
are also a set of commands which effect the emulator as a
whole, rather than individual devices. For example, all
error messages associated with emulator execution may be
typed on the control teletype, or the data to be written to
the log tape may be selected by type and by device. One
interesting operator command is SCALE which allows the
action of an emulator to be speeded up or slowed down.

4.1.2 Hardware considerations

The Air Force/MITRE emulator is implemented on a Data
General NOVA 800 with 32K words of core memory and 255K
words of disk storage. The basic hardware configuration
also includes: a teletype which is used for emulator
control during a test, a paper tape reader which is used to
enter hardware diagnostics, a magnetic tape unit which is
used for off-line file storage for scripts and programs and
for logging data during a test, a printer which is used to
print test data from the log tape, and a Readable Real-Time
Clock, an Interval Timer, and a Real Time Clock which are
used for task scheduling and timing. All preprocessing and
postprocessing non-real-time functions are performed under
control of the Data General Disk Operating System.
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The line adapters are character-oriented and permit the
interfacing of up to 64 asynchronous and 8 synchronous
lines. All the asynchronous line adapters operate
independently with respect to transmission rate, character
length, and start/stop bits. Asynchronous transmission is
supported for 110 bps, 13^.5 bps, and multiples of 150 bps
up to 19.2 Kbps. Synchronous line adapters function
independently also. Synchronous transmission rates from 2.4
Kbps to 153.6 Kbps are supported.

A large variety of terminal devices may be emulated by
the DVM's. Any teletype-compatible terminal which
communicates at one of the speeds specified above is
supported, in addition to the IBM 2741. However, the only
asynchronous terminals which have been emulated in a testing
environment are teletype-compatible at 110 and 300 bps and
IBM's 2741 at 134.5 bps. At this point the synchronous
terminals emulated in tests have been the IBM 2780
remote-batch terminal and the Burroughs remote-batch
terminal

.

A basic design concept was a totally SUT independent
emulator. A logical point of connection for such a device
is the EIA RS-232 interface.

The fixed-site emulator has been used in tests of the
following systems: IBM 370/155, CDC 6600, Burroughs 6700,
Honeywell H635 and Univac 1108. In addition to testing the
same types of systems as the fixed-site emulator, the
on-site emulator has tested Honeywell systems 6180 and 635
under GCOS and Multics.

4,1.3 Script preparation

Scripts exist as disk files under the Data General Disk
Operating System. The Data General Editor is the principal
tool for creating and changing scripts. Interaction with
the Editor is conducted through the control teletype for the
emulator. As an aide to the script writer, a "Macro
Processor" has been implemented. The user supplies a master
directory of macro names, and then submits a script for
processing. As the input script file is scanned, the
appropriate expanded text is written to the output file
whenever a macro name and its associated arguments are
encountered. The output file contains text obtained from
either the input file, the body of a macro, or a macro
argument.

After the script has been processed by the Macro
Processor, it is "assembled." Scripts created by emulator
users consist of ASCII character strings written with such
user aides as field separators and labels. Even after the
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Macro Processor has been used, the script is still in a form
which is designed for expedient human, not machine, use. To
facilitate real-time operation, the assembler creates a file
which is tailored for emulator interpretation and execution.
Scripts are created which reflect the specific terminal type
to be emulated and the data communications control procedure
to be used.

A number of conversion tables and procedures are used
to implement this translation. For example, prior to
assembly, a script written to emulate a 27^11 terminal
specifies the character strings to be sent to the SUT in
ASCII; after assembly, it contains the actual EBCDIC code
to be sent. Also included in the assembly process are the
insertion of the start of message and end of message code,
and certain error checking functions. It is the code
created by the assembler which is executed by the emulator.

4.1.4 Data acquisition

The Readable Real-Time Clock is used for time-tagging
events logged on a 9~channel magnetic tape. Two timetags
are associated with every user and system message: the
times of the first and last characters. After a test is
completed, the data on the magnetic tape is processed to
determine response time characteristics.

4,1.5 Data summarization

The emulated terminal input is viewed as the impetus to
which the SUT reacts; therefore, a user character string is
called a query and a SUT character string is called a
response. There may be a character or group of characters,
occurring at the beginning of the characters sent by the SUT
in response to a query, which are sent simply to acknowledge
receipt of the query and are not part of the true response,
SuyemotoC 1 975 ] notes that these characters preceding the
true response formulate an acknowledgement, and are
generally sent almost immediately upon receipt of a query;
thus a system which may have a very sluggish true response
time may appear to render almost immediate response service.
Because the DVM's log only the first and last characters
sent by SUT, difficulty arises in attempting to interpret
what the true response time is when a system sends
acknowledgements.

The DVM's fill response buffers until one of the
following occurs:

1. a buffer is filled to a previously defined size;
2. an end of message is received; or
3. a timeout (a previously defined maximum response
inter-character arrival time) occurs.
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It is a responsibility of the data reduction program to
determine if an acknowledgement exists and what the start of
the true response is. Obviously, if the SUT sends no
acknowledgement the two time tags logged will accurately
reflect the SUT's performance. When a timeout occurs, SUT
characters are directed to a different buffer and again the
time cf the first character in this buffer is logged. So if
the acknowledgement is isolated in a buffer, it can be
ignored; and if a true response is contained in a separate
buffer f the data reduction program can isolate this buffer
and use only the time tags associated with it. However if
the true response is contained in the same buffer as the
acknowledgement, no determination may be made as to the
start of the true response except that no SUT
inter-character arrival times exceeded the timeout.

The predominant measure is response time. While
logging the number of SUT characters provides a measure of
system verbosity, the data reduction program, which will be
described later, summarizes performance in terras of response
time

.

t

The data reduction program, DATAR, generates three
types of reports which may be printed on a line printer or
on the control teletype. The general options include: a
brief summary of the entire test, detailed summaries
produced separately for each device, and detailed listings
produced either jointly for all devices, or separately for
each device. There are many options available for detailed
summaries; for in-depth descriptions of not only the
reports, but also DATAR software, see Volume 7 of
MITRE[1973-1975].

An example of the use of DATAR is a user requesting a
brief summary of a test. Upon reviewing the summary
printed, the DATAR user sees that the maximum response time
is unacceptable. To investigate, the user may request a

detailed summary of the device causing the maximum response
time. This summary may indicate the reason for the
deviation from the average for that test.

4.1.6 Integrity confirmation

There are several features of the DVM's which lend
themselves to use as integrity confirmation techniques. The
operator command to randomly select a given device to
monitor during a test provides a means to insure that
devices are executing the correct scripts. DATAR's brief
summary provides two measures of the emulator's performance:
percent of total emulator CPU time used and total CPU time.
These two measures provide an indication of how the DVM is
reacting to the workload it has to emulate. Certainly as
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per cent of idle time decreases and per cent of CPU
increases, the operator can discern if the saturation point
for the emulator is approached.

In addition to the diagnostic routines available
through Data General and the Disk Operating System 'ITRE
implemented a set of diagnostics and error message ro -lines.
The diagnostics provide a means for testing thr modem
connected to the communications interface, the hardwari for
the Readable Real-Time Clock, and the circuit logic for the
Interval Timer. Volume 9 of MITRE[ 1973-1975 ] discusses the
routines available and a variety of troublesiiOoting
techniques. Typically diagnostics could be run prior to
every testing situation to insure that the emulator is
functioning properly. The DVM's log error conditions during
application and the data reduction indicates the error
messages occuring on each device. This facility is another
form of insurance that the emulator is functioning correctly
during a test.

4,1.7 Current usage

The DVM called the on-site system is currently at the
Data Services Center at the Pentagon. It is being used to
test two computer systems: a Honeywell 635 running GCOS,
and a Honeywell 6180 running Multics. The fixed-site system
is located at the MITRE Corporation in Bedford,
Massachusetts

.

4.1.8 Operational considerations

The Air Force/MITRE emulator has been rigorously tested
on different systems, and the results documented. In this
section two different experiments will be described.

PetersonC 1974] discusses the application of the
emulator to five different SUT's. Three common scenarios,
representative of a user workload across system boundaries,
were developed: EDIT in which the editing capability of a
SUT was utilized, BASIC in which short, computational
problem-solving was performed, and FORTRAN cost in which a
simple accounting program accumulated and printed costs.

The major problems involved scenario and script
development. Translating scripts from one SUT to another
was difficult due to the poorly defined and documented data
communications procedures. Line control procedures varied
from facility to facility even for equipment of the same
manufacturer. Differences were found between documented
procedures and actual operation. In fact procedures vary
from day to day due to changes in system software.
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However, it was determined in these experiments that it
is feasible to develop equivalent on-line workloads if the
scripts are limited to commonly used system commands and
standard programming languages,

CrothersC 1976 ] describes application of this RTE to an
IBM 370/155 and IBM 370/158. Sixteen IBM 27^1 terminals
were emulated doing heavy editing, data entry, and FORTRAN
execution at the same time as a standard batch background
job stream was run simultaneously. The results of this
experiment were valuable in the identification of specific
problems recorded in each emulator run. For example,
failure to send line numbers during heavy use of the TSO
editor was a problem. For each line of data to be entered,
TSO first provided a line number. During heavy emulated
use, some of the line numbers were replaced by
synchronization characters. This application illustrates
that the emulator can make contributions as a tool for
testing new releases of software.

4.2 Burroughs' Data Communications Traffic Emulator
(System/DC EM)

4.2,1 General description

The Burroughs Data Communications Traffic Emulator,
formally abbreviated "System/DCEM" (3) and usually referred
to as "the emulator," is used to emulate a specified data
communications load in accordance with user specifications.

The traffic emulation is controlled by the contents of
script files, and by system commands entered from a control
terminal or the system console. A large number of system
commands are available for control over the emulation.

There is a script command to specify think time
(delaying an interval of time after receiving a message from
the SUT before sending the next emulated user message).
Delay time may be specified in place of, or in addition to,
think time. Delay time is defined as the interval of time
from the end of one emulated user message to the beginning
of the next user message. It is possible that if the SUT
does not respond as quickly as expected, that the
interaction could get out of synchronization if only delay
time were used. Characters sent from an emulated device to

(3) This program package is subject to proprietary
protection

.
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a SUT are transmitted with no inter-character delay time;
that is, the full capacity of the transmission line is
employed

.

4.2.2 Hardware considerations

The emulator can run on any Burroughs large system
B6700 or B7700. A subroutine, called "Request Set" in
Burroughs terminology, runs in the front-end processor as
part of the emulation. The Emulation Request Set performs
the communications functions necessary to provide the
expected terminal reactions to situations produced by
interaction with the System Under Test.

The emulator is designed to handle any number of
terminals and any data communications configuration which
can be managed by the data communications subsystem in the
SUT. The terminals which can be emulated include buffered
CRT terminals operated in a polled environment using
synchronous and asynchronous line disciplines, remote batch
terminals, and teletypewriters. The teletypewriters can
cause problems with the half-duplex line control, a problem
Burroughs calls "contention" because there is not a
slave-master relationship between RTE and SUT. Due to their
procedure for calculating the time at which to send a user
message, it is possible for the emulated teletypewriter and
SUT to attempt to transmit messages simultaneously. In
half-duplex communications attempts to transmit in two
directions at the same time are disastrous. There is an
optional procedure designed to eliminate this problem. This
procedure consists of a modification to the front-end
program in both the emulator and SUT which checks whether
there is ongoing communication before initiating
transmission

,

The emulator is created by an "emulation generator"
which builds a description file according to the information
supplied by the user concerning the number and names of
emulated terminals, the files to be used, and a set of
options. If requested, the generator will have the version
of the emulator specified by this input compiled.

The emulator has the capability of running internally
within one machine. In this case the emulator, along with
special patches to the communications software, causes
messages to be placed on the target queues without using any
physical data communications lines.

Input for the emulation generator is expected to be in
card format. There are three types of input records:
emulation, file, and optional statements. The emulation
statement gives the name of the emulation and an optional
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identifier to be printed at the control terminal. The file
statement names a script file and gives a list of all
emulated terminals which will use that script. Many
terminals can employ one script, or an individual script can
be used for each terminal. Among the optional control
statements are a statement to cause compilation of the
emulator, and a statement to build the internal format
script files from the card image files.

System commands are used to control the operation of
the emulator. Depending on how the emulator was built, they
may be entered from a controlling terminal or the system
console. The following are among the commands available:
an abort command to terminate the emulation; a compensate
command to allow the emulator to delay less than the time
specified in the script to compensate if the actual delay
ever exceeds the requested delay; a command to scale the
interpretation of the delay specified in the script;
commands to start and stop an emulated terminal; a verify
command which causes the emulator to verify all messages
sent; information and status requests which interrogate the
operational condition of the emulator; plus a set of
debugging commands.

4.2.3 Script preparation

A script is used to control the communications traffic
from each (emulated) terminal. The symbolic input script
file contains one message to be transmitted from the
emulated terminal to the SUT per record. Records may be of
any length, but the file must have fixed length records.

If there is a special character in the first character
position of the record, the record has a special function.
These functions include specification of an expected
response from the SUT which is to be checked and
specification of the delay to be taken between messages.
The output file built by the generator contains all the
information from the input file, plus control information.
In operation, the emulator first reads and acts on the
control information, then transmits the stimulus message.

This script consists of individual messages set up like
an actual session from a live terminal. Each message is
sent after waiting either a specific delay interval or until
a specified response is received at that terminal. The
delay used, if any, may be changed for each message or may
be a random number within a given range.

Since the execution of the emulator can be controlled
from a selected terminal, the starting of the scripts may be
controlled to occur all at one time or staggered.
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If non-standard or complicated actions are to be
dependent on the data received, the emulator can be
generated with links to external procedures. These external
procedures can provide file access, or can include part of a
response in the next stimulus to be sent to the SUT.

4.2.4 Data acquisition

During operation of the emulator, all input and output
between the emulator and SUT is recorded. There are two
different procedures for timing the interaction between the
RTE and SUT, either of which may be selected. The first
method of timing a message is unique among the RTE's
studied. A message from the emulator to the recipient SUT
is time stamped upon receipt of an ACK from that SUT; this
is the time at which the communications software knows that
the message has arrived successfully and can be safely
discarded. Similarly, messages from the SUT are time
stamped when successfully received and an ACK is transmitted
back to the SUT. The second method of timing provides an
alternate time stamp for the message sent from the emulator
to the SUT; the time stamp on the message from SUT to
emulator is unchanged. The alternative time stamp on the
message from emulator to SUT occurs when that message is
queued for output within the emulator.

4.2.5 Data summarization

The tape file can be read by an existing analysis
program which has the ability to print the entire tape, or
to extract the communications for a specified terminal.
Further analysis programs must be specially written for each
benchmark demonstration. In this way a library is being
created

,

4.2.6 Integrity confirmation

A live terminal can observe the data traffic for any
emulated terminal. This live terminal, called a "line
monitor," can be switched from line to line.

A live terminal with operator can be connected to the
SUT through the RTE and have the same data collected as that
collected for an emulated terminal.
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4.2.7 Current usage

The emulator is presently employed only as a tool in
marketing support. It might be available upon request on
some price quotation basis.

4.2.8 Operational considerations

The optional script command "compensate", which was
described above, permits an interesting adjustment feature
during operation. If the actual delay time should be
excessive, succeeding delay times can be reduced to
compensate

.

There is currently no provision for transmission from
the SUT to the RTE for batch terminals. The design
assumption is that files are created at the SUT and/or
printed there.

4.3 Control Data Corporation's Project BARTER

4.3.1 General description

The Control Data Corporation RTE described here is the
result of the BARTER (Benchmarking Approach to RTE
Requirement) project being conducted at the Benchmarking
facility for use in meeting RTE benchmark requirements.
BARTER is the combination of two previously existing CDC
products. One of them, "the timesharing stimulator," is an
adaptation of a standard product available in their
multiprocessing system. The principal modification of this
version is that it is external to the System Under Test
(SUT). The other major component of BARTER is "the external
Remote Job Entry (RJE) load tester."

The psychophysical phenomena emulated for interactive
users include think time, which may have a constant plus a
random component, and typing rate.

4.3.2 Hardware considerations

The description of the operation of the RJE load tester
and the stimulator is dependent on a very brief discussion
of the architecture of Control Data products. For purposes
of this discussion, it is important to note that each CDC
system consists of one central processor unit (CPU) and up
to 20 peripheral processing units (PPU). Each PPU is a
processor capable of executing instructions and comes
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equipped with its own memory. It also shares memory with
the CPU.

The external RJE load tester is a program which
utilizes one peripheral processing unit to emulate the data
traffic from a Control Data remote batch station. The
communications lines discipline is synchronous employing
8-bit characters with half-duplex line utilization and block
transmission. Each PPU can emulate 16 such terminals
operating at 4800 bits per second or 8 terminals at 9600
bits per second. Terminal requirements in excess of this
can be accommodated by running another copy of the external
RJE load tester in another PPU.

The timesharing stimulator runs using one peripheral
processing unit to emulate up to 64 asynchronous lines.
Each line is teletype-compatible (units 33/35), employing a
64 character ASCII subset. The capability for employing the
full ASCII character set exists in the stimulator code. The
interaction of the stimulator with the SUT is dependent upon
the SUT terminating output with a specific nonprinting
character which signals the end of system output and a
willingness to accept input from the user.

The stimulator is initiated from the system console of
the system supporting the RTE. Among the parameters which
may be specified from the system console are the number of
terminals to emulate, the line speed and characters per
second, the input or typing speed characters per second, the
think time delay in seconds, the activation count (the
number of terminals to activate every specified number of
seconds), the number of times to repeat the stimulation, and
whether data logging is requested. In addition to these
specifications, it is possible to assign specific scripts to
teletypes and to adjust the line speed, think time, and
repeat count by the assignment.

4.3.3 Script preparation

The operation of the external RJE load tester is
controlled from a deck of cards. Typically, the batch
workload is presented as actual jobs, a replication count,
and the time limit in which the jobs are to be accomplished.
The assignment of a job to an RJE terminal is specified.

For the stimulator, each script to be emulated is
created as card image file. This file contains all of the
terminal input to be emulated plus a few additional
stimulator specific parameters.
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4.3.^ Data acquisition

The RJE load tester records all output on a file. It
has a utility program which, for each block of input and
output, will print out the first line of that block, plus
control code information and the time at which that block
occurred

.

The stimulator collects all data received and sent on a
file. The time of the carriage return terminating input
from the emulated user, and the time of the first character
output by the SUT are logged.

4,3,5 Data summarization

Post processing of the stimulator data is accomplished
by two programs. The first demultiplexes the logged data
for each terminal. The terminal data appears as it would on
a terminal printer page. Time stamps are present for the
carriage return terminating input and for the first
character of output. Following demultiplexing, data may be
subjected to further analysis to generate response time
statistical data by a Fortran program. The output of this
program is a response time profile as well as the mean, mean
deviation, and standard deviation values. Data may be
reduced for all the emulated terminals, or for a selected
set thereof.

4.3.6 Integrity confirmation

The operation of the RJE load tester may be validated
by running the same emulated job stream through a real
terminal. The log tape of the SUT is also available for
validation

.

The operation of the stimulator may also be verified by
means of the log tape. In addition, the communications to
and from any emulated terminal may be output on a real
terminal attached to the RTE system.

4.3.7 Current usage

BARTER is being implemented by internal development
personnel for checkout of their products as an internal
tool. It is available and in general use by CDC in their
benchmarking facility, but not available for use outside the
benchmarking facility.
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4.3.8 Operational considerations

The stimulator does not check the output from the SUT.
In the case of SUT malfunction, it is therefore possible for
the stimulator and SUT to get out of step.

4.4 Digital Equipment Corporation's Script Machine

Digital Equipment Corporation (DEC) has developed
several different drivers. SCRIPT, an internal driver for
the DECSystem-10, simulates some, but not all, of the
interactions between a user terminal and the System Under
Test (SUT). In particular, it does not simulate the
interrupts received from the communication hardware to the
CPU.

SIMLOD was developed to simulate active terminals on a
DECSystera-10. SIMLOD runs in the PDP-11 which is part of
the DC76 front-end communications module. Even though
SIMLOD is implemented external to the CPU of the
DECSystera-10, it is internal to the entire system under
test. Because it is resident in the communications
front-end, it may not be classified as an RTE as defined in
section 2.

An RTE has been implemented at DEC which runs on a
PDP-11. This RTE is called "the script machine" and is
discussed in Turner and Levy[l976] and Kosko and
Turner[ 1975 ] . DEC's script machine will be the described in
this section.

4,4.1 General description

The script machine evolved out of the need to test in a
repeatable manner a new PDP-11 operating system called the
Interactive Application System (IAS). Although the original
design impetus involved IAS, the script machine is not bound
to this operating system; in fact, the script machine may
be used for various applications involving the PDP-11/70 as
will be described. The script machine is completely
external to the PDP-11/70 being tested and connects via
communication lines.

Specified in script files are the characters to be sent
to the System Under Test (SUT) by the emulated terminals and
user think times. User think time is defined by Turner and
Levy[1976] as the elapsed time between the completion of
processing one request by the SUT and the first character
typed by the user in the next request. Included in this
specification of think time are two components.
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Non-overlapped think time requires that think time not begin
until the completion of the SUT's processing of the
preceding command, while overlapped think time can overlap
the processing of the preceding command. Another
interesting feature is that think times may be explicitly
assigned values or may be obtained by a discrete probability
distribution which is included in the script. Characters
sent from an emulated terminal to a SUT are transmitted with
no inter-character delay time; that is, the full capacity
of the transmission line is employed.

The script machine has been used to drive the 11/70
under two different operating systems: IAS in support of
interactive and computational users in a conversational
mode, and RSTE/E in support of a data management application
package. Both of these operating systems support
full-duplex communications. In full-duplex communications
the terminal and system may send characters simultaneously,
and the user can type-ahead or continuously send commands
without waiting for the system's response to individual
commands. Neither of these operating systems normally sends
a herald character at the completion of processing, such as
a keyboard unlock; therefore, there is no uniform way for
the script machine to recognize that the SUT has completed
its processing. While an "expected response" command
exists, it is only used to ensure that the SUT is responding
correctly. Rather than require the use of this command
throughout scripts, the operating systems tested are
modified to send a special "prompt character" each time a
user's request has been processed. The time at which this
prompt character is received is central to the operation of
the script machine. Based on this time, response time to
the preceding command and the start time for non-overlapped
think time for the next command are determined.

4.4.2 Hardware considerations

The script machine is currently implemented on a
PDP-11/20 which connects to the PDP-11/70 via 32 serial
lines with EIA interface. A line from one system is simply
connected to a corresponding line of the other system. In
this process all characters written to a serial line by the
script machine are taken as user input to the 11/^0; and,
in reverse, all characters written to a terminal by the
11/70 are read as input to the terminal by the script
machine. The option exists to record on a log file on the
disk of the script machine all characters sent by the 11/70
to a selected set of lines.

31



4.4,3 Script preparation

Scripts reside on ASCII disk files. They may be
prepared with any text editor which runs under the RT-11
operating system.

4.4.4 Data acquisition

All characters written to a terminal by the SUT may be
recorded in a log file on the script machine disk. However,
the script software has the capability of evaluating the
performance of the SUT as the test is run. To use this
capability, the script writer specifies the expected
response and a minimum response time. Each time the script
machine receives an expected response, it checks if it
matches the expected response. If the expected response is
not received, an error message is typed, and the operator
may abort the run if desired. If the actual response time
is significantly less than the minimum specified, the run,
again, may be aborted. The script machine computes the
ratio of the actual response times to the specified
miniraums, and maintains a frequency distribution of these
ratios.

The script machine also monitors its own performance
during a test. A record of its promptness in sending out
user commands and of the backlog of lines of input test to
be processed is maintained. Determination of script machine
saturation is possible by computing these values.

4,4,5 Data summarization

The data summary routines for the script machine appear
to be very flexible. In the IAS experiment the key concern
is the determination of the conditions under which a given
configuration provides satisfactory response. This approach
includes characterizing each hardware configuration of IAS
in terras of users supported within given response time
criteria. These criteria are:

a, that 90% of the responses should be less than the
larger of i) 5 times the stand alone response time and
ii) 1 second; and
b, that the sum of the actual response times should be
no more than 5 times the sum of stand alone times.

Two types of users are defined for IAS: interactive who
edit text and do simple file manipulation, and computational
who compile, link, and execute compute bound FORTRAN
programs. Various combinations of these two user types are
used to determine if response criteria can be met under the
given loading.
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In the data base management experiment, the measurables
are the total number of transactions, the number of disk
accesses, the per cent of system utilization by user, I/O,
Executive and idle, the total number of characters sent and
received by the terminals and SUT, the number of characters
sent per second per line, and the number of characters sent
per transaction. The SUT keeps track of the disk access and
system utilization data and the script machine the other
data

,

4,^,6 Integrity confirmation

The self-monitoring function of the script machine is
an expression of concern for RTE verification. It would be
interesting to know what, if any, effect this extra function
has on the script machine.

The option to log all characters sent by the SUT to the
script machine is a SUT validation procedure which insures
that the SUT is executing the specified scripts.

4,4,7 Current usage

4.4,7.1 The IAS experiment

In this experiment each test consisted of a minimum of
15 minutes of SUT operation. Scripts were started at 5

second intervals to prevent lock-step execution in which
every script is issuing the same command simultaneously.
The scripts were repeated continuously until expiration of a
time limit; at that time, the response data was printed,
the configuration rated on a pass/fail basis. Basic to the
determination of the boundary for satisfactory response
regions is the premise that if a system meets response
criteria at a specific point, it can also meet them at any
point below that loading point; and if it fails at a
specific point, it will fail at points above this.

4,4.7.2 Tne data base management experiment

Two different types of scripts are used in this
experiment: one to log the 27 Data Transaction Programs
(dtp's) onto the PDP 11/70 RSTS/E system, and one to get the
jobs started and supply the emulated user inputs. In
addition to the 27 DTP's, an RSTS/E error logging facility
and a system status video display program are also logged
in

.

33



Prior to execution of the second type of script, system
status and disk usage reports are obtained from RSTS/E.
During execution of the scripts, RSTS/E continues to audit
system status and disk usage while the script machine audits
character processing by the communications equipment. At
the completion of a run, the stop time is logged and ^ain
the system status and disk usage reports are obtained from
RSTS/E.

The experiment described ran for 11 hours 43 n inutes
and 50 seconds. No errors were logged by the RSTS/E error
logging facility, and by inspecting the job status aud by
monitoring the system during the experiment, it was
determined that there were no problems with the DTP's.
One-half million transactions at a rate slightly greater
than 13 per second were processed during the test.

4,4.8 Operational considerations

The published reports on usage of the script machine
indicate that the tests have been successful. The only
problem appears to be the universal one of workload
determination. In the IAS experiment the satisfactory
response region is determined by loading the system with the
maximum number of computational users, and then adding
interactive users one at a time until the system fails* At
that time one computational user is eliminated and the
process of adding one interactive user at a time until
system failure begins again. In this way the load levels
and configurations are determined*

In the data base management experiment there are nine
different scripts in triplicate to produce the 27 emulated
users. Each script contains five unique transactions, and
each script is executed 4115 times. The data base records
used for each transaction are randomly selected on the basis
that records requiring more than one probe by the hashing
algorithm are rejected. The hashing algorithm is based on
an identification number, and facilitates record lookup.
The justification for the procedure of developing the
transactions used is not given.

A look to the future was provided by Turner and
Levy[l976]. In addition to the dimensions of interactive
versus computational usage in workload definition, they
would like to add a dimension for real time load. A real
time process which interrupts the SUT at a set rate and
performs a minimal task at interrupt level will be defined*
The measure of workload at this dimension will be the
frequency of interrupts, and the performance criterion will
be not to miss any interrupts. These authors see the script
machine as a means to make intelligent configuration
decisions

.
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^.5 Hewlett Packard's Timesharing Event Performance
Evaluator (TEPE)

Hewlett Packard (HP) has implemented an PTE called
Timesharing Event Performance Evaluator (TEPE). TEPE was
developed by the Data Systems Section for use internal to
Hewlett Packard for system development and testing,
(Hawkes[ 1975])

4.5.1 General description

The script language allows the selection of one of
several think-tirae options for each emulated terminal.
These options include two random think time options (each
with a different mean think time) and several constant think
time options. Think times can also be set within a script
to apply to only a single message transmission to the SUT,
in order to handle special cases.

Typing rate is initially set for each terminal in the
initialization file (see section 4.5.8 for a description of
the initialization file) for the emulation, but can be
changed during the actual test.

TEPE allows for extensive user interaction while a test
is being run. Emulated terminals can be selectively
monitored, "disconnected," or have their characteristics
changed

.

4.5.2 Hardware considerations

TEPE is implemented on a HP 2100 system under DOS III
and was designed to drive a wide class of systems. At the
present time, it has been used to drive both the HP 2000 and
HP 3000. In addition to the HP 2000 series CPU, a magnetic
tape drive is required. The connection between TEPE and the
HP 3000 System Under Test (SUT) employs a multiplexer
protocol. Only one cable is employed to connect 16 emulated
terminals. Up to 32 asynchronous terminals can be emulated
by TEPE; however, tests of an HP 3000 have been made
employing two HP 2000 's running TEPE which brought the total
workload to 64 emulated terminals. Emulated terminals may
transmit at a rate of 110 to 2400 bps.

TEPE is written in assembly language. Timing is based
on a crystal controlled clock.

Like many other PTE's, TEPE requires the SUT to send a
special prompt character at the end of every SUT message.
However, the TEPE designers foresaw the potential difficulty
in not checking the received SUT message to insure that it
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is the correct or expected message. Each SUT message is,
therefore, optionally compared to a predefined expected
message; alternative actions are possible depending upon
whether there is a match or not. Message checking can be
disabled on an individual message basis.

4.5.3 Script preparation

Scripts are prepared on an HP 3000 computer system
using the HP 3000 editor, EDIT/30OO. The script language
contains special TEPE recognized commands to perform such
functions as SUT response text matching or think time
setting for a particular message in a script.

The scripts are "readable" in that they contain the
exact text that will be transmitted to the SUT (in source
form) and they allow insertion of comments which are ignored
by TEPE.

4.5.4 Data acquisition

All characters transmitted between emulated devices and
the SUT are recorded on magnetic tape for processing after a

test is complete.

4.5.5 Data summarization

SUT response time is the primary measure of SUT
performance for which statistics are generated, but other
information such as throughput may be readily deduced.

Data reduction is performed on an HP 3000 via a FORTRAN
pa'ckage. Several special features are available in the
reduction programs. These include: selection of response
time definition, selection of the time window within the
emulation log record to be processed, histogram displays of
the response time distribution over the range of response
times, and selection of the types of events for which
statistics should be calculated.

4.5.6 Integrity confirmation

Hardware and software monitors have been used to verify
the internal operation of TEPE.
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4.5.7 Current usage

TEPE is currently only available for use internal to
Hewlett Packard for system testing. The usage breaks down
into two categories: performance evaluation and reliability
testing. TEPE has also been used in stress testing cases
and debugging system changes.

4.5.8 Operational considerations

There is an overall initialization file which controls
the operation of all executed scripts. The initialization
defines such variables as the prompt characters (prompts may
be associated with both SUT and emulated user messages) , the
length of the test, the number of terminals emulated, the
file names of the scripts, and think times. In addition the
initialization strictly defines the logon procedure for the
emulated devices. The initialization file procedure loads
the specified scripts and begins execution. Relative times
for device logons are specified along with the maximum
interval of time to wait for the SUT to process the logon.
If the time interval for logon is exceeded an error message
is printed on the operator's console.

Throughput, here defined as the amount of CPU time
received by a user, is recommended as a good correlation
measure with response time. Throughput is evaluated by
internal monitors. The repeatability provided by TEPE is
viewed by the developers as providing an adequately
controlled environment for application of internal monitors.

4.6 Honeywell's DATUS

In 1968 Honeywell designed an RTE, DATUS, as a testing
tool for the interactive loading of computer systems. In
the spring of 1969 use of DATUS began, as did its evolution
from strictly a test tool to a benchmark and measurement
tool

.

4.6.1 General description

DATUS was designed to be completely external to the
System Under Test (SUT) and to provide any type of
teletypewriter terminal environment for loading, measuring
and benchmarking tests.

An interesting option of DATUS is the probabilistic
selection of emulated user commands. It was noted by the
designers that when the same scripts were executed on many
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emulated terminals, the execution of script commands began
to cluster around the execution of a single command which
required substantial CPU time. To avoid lock-step execution
of scripts, the option was implemented to execute emulated
user commands based on a probability distribution. For
example, given emulated user commands A, B, and C, each
command is assigned two parameters: one is the per cent of
the emulated user session in which the command should be
issued, and the other is the probability of each command
following the others. The commands are selected in
real-time, and thus the scripts are dynamic. The option to
specify a fixed sequence of commands in a script is also
allowed

.

Emulated user think time may be specified explicitly by
a script command or on a random basis via a table. There is
a "manual mode" which presents a worst-case test with all
lines simultaneously executing the same script. There is
not a script command to control the typing rate between
emulated device and SUT ; rather characters are sent at the
full speed of the transmission line.

4.6.2 Hardware considerations

Implemented on a Datanet 30, this RTE connects to the
SUT through data set eliminator cables. The software
consists of an operating system, script interpreter and data
reduction program.

The hardware configuration includes the Datanet 30, a

control terminal, a monitoring terminal and a magnetic tape
drive for data logging. The maximum number of devices that
DATUS can emulate is 52 using 110 bits per second
transmission lines, 37 using 150 bits per second lines, or
17 at 300 bits per second lines.

DATUS is used for testing large Honeywell computer
systems of the 6000 series. In the interests of conserving
the RTE storage and processing time needed for the context
scanning of each system message to determine if the system
message is complete, it was decided to require the operating
system of the SUT to send a special prompt character when it
had completed a message. This special character, which may
be an Xon (DC3) or some other specified character or
sequence of characters, is an indication to DATUS that a SUT
message is complete and that processing may continue. While
this procedure simplifies the "end of message" search, when
system messages are not scanned for content, it is possible
for the RTE and SUT to get out of synchronization. This
occurs when the SUT sends an "unexpected" message and the
RTE interprets it as the correct message by virtue of it
receiving an Xon. DATUS has the capability to check
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expected responses to any number of characters, but this
procedure requires additional core storage,

4.6.3 Script preparation

Scripts are punched on cards for input to DATUS, and
they are reentrant.

4.6.4 Data acquisition

All channel activity between an emulated device and the
SUT are logged along with the time of day and character
direction (that is, was the character sent by DATUS or SUT).
Due to the level of detail of the log tape the data
reduction progam can calculate many measures.

4.6.5 Data summarization

The data reduction program calculates response and
think times, prints a complete conversation record, and
allows task summaries. A task is a class of user activity.
For example, invoking an editor is a task. Thus the
capability exists to summarize the response time associated
with a specific task.

4.6.6 Integrity confirmation

The complete conversation record with associated timing
is the primary means used to verify RTE operation. The
record for each emulated device is examined following a test
to insure that the scripts were executed properly.

4.6.7 Current usage

V^ile DATUS is still being used as a testing tool at
the benchmarking facility, it has generally been superseded
by another RTE called CUESTA (section 4.7).

4,6.8 uperational considerations

V^hile DATUS proved an invaluable tool to the
benchmarking facility, its capability is limited by the
Datanet 30, The Datanet 30 limited its capability to handle
high bandwidth communication and was insufficient to emulate
Honeywell's video terminal VIP.
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4,7 Honeywell's Communications User Emulated System for
Traffic Analysis (CUESTA)

Honeywell developed the Communications User Emulated
System for Traffic Analysis (CUESTA) to provide extended
capability for computer system testing over what was
available in DATUS (section 4.6).

4.7.1 General description

CUESTA is implemented as an extendible executive system
with fundamental emulation control. The script is a module
which provides the detailed emulation functions through the
script-command processors. Script writers are able to add
and/or modify script commands and operator control commands
during the generation of scripts. Scripts control not only
the operator dialog, but also contingency decisions and the
major portion of the line discipline.

Like DATUS, CUESTA provides for the optional execution
of script tasks based on the probabilistic occurrence of
previous commands or tasks. Associated with each task is
the percent of an emulated user session in which the task
should be executed and/or the probability of each task's
transition to following tasks.

Emulated user think time is specified either explicitly
by a script command or a probability distribution may be
used. Additionally, think time may be specified for each
emulated user message or for an entire emulated user
session. The mode of specifying think time may be altered
during script execution via an operator control command.

There is not a script command to control emulated user
typing rate; all characters are sent at the speed of the
transmission line connecting emulated device and the System
Under Test (SUT). However, script writers may incorporate
typing rate into scripts by segmenting the total
transmission and/or developing their own script commands.

Another similarity to DATUS is the requirement that the
SUT send a "prompt" to indicate that it has completed
sending a message. However, unlike DATUS, CUESTA can prompt
on any number of characters for a given script command and
can provide to the script writer the capability to make
contingency decisions based upon which prompt was received,
A prompt may consist of any number of consecutive characters
embedded within, though normally at the end, of the received
SUT message.
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4.7.2 Hardware considerations

CUESTA is implemented in a Honeywell Series 6000 or
Level 66 Series 60 CPU operating under GCOS with a Datanet
355 front-end processor. Special software is required in
the Datanet for the RTE. CUESTA connects to a SUT through
modems and/or modem eliminator cables.

CUESTA can emulate up to six time division multiplexors
each supporting 52 terminals at 110 bps or 17 terminals at
300 bps. Thus, these groups of 52 or 17 asynchronous
terminals can be emulated on one synchronous time division
multiplexor interface channel. In addition, CUESTA can
handle 96 lines at rates from 110 to 9600 bps which may be
any combination of synchronous and asynchronous, multidrop
terminal devices (teletype-compatible, remote-job entry, or
Honeywell's video terminal VIPS).

Although CUESTA has only been used for the test of
Honeywell systems, there do not appear to be any design
constraints that would limit CUESTA 's application to other
systems. The primary difference in such an application is
that the cables between CUESTA and SUT would have to be
one-for-one with respect to the emulated devices.

4.7.3 Script preparation

The script is generated from ALGOL-like source
statements which are processed by a special compiler. The
output is a CUESTA program module. Standard script command
processing routines are provided in a library. Script
writers also have the capability to write their own script
command processors and operator control command processors
and include them with their script source statements.

Scripts are re-entrant; thus, emulated users may
execute any appropriate portion(s) of the script without
regard to the other emulated users.

4.7.4 Data acquisition

All channel activity between an emulated device and the
SUT are optionally logged along with the time of day and
character direction (that is, was the character sent by
CUESTA or the SUT). Script writers have the capability to
have logged any information they deem desirable. Thus, the
facility exists to perform a variety of analyses following a
test. Data may also be collected in a set of dynamic data
collection buffers specified by the script writers when they
invoke the on-line data reduction facility. Standard script
commands are provided to accumulate time intervals and
transaction rates.
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4.7.5 Data summarization

Data summarization is done in one of two ways: on-line
summarization and reduction of the log tape following a
test

,

On-line summarization is limited to the data collected
by the script. The script specifies when to capture time
intervals and when to print the summarization of the
captured data. The output indentifies the
summary/collection buffer by name (which is specified by the
script writer) with its respective minimum/maximum, average
and standard deviations.

The reduction that is done following a test is
accomplished by the use of a number of programs. These
include the calculation of response and think times by
individual emulated user or by groups of emulated users, a
complete conversation record, and task summaries. Users
have the option to write their own summarization routines.

4.7.6 Integrity confirmation

The complete conversation record with associated timing
provides a post-processing procedure to verify RTE
operation. In the real-time there is also the ability to
dynamically select an emulated device and, in turn, have all
emulated device and SUT characters diverted to a line
printer. The random nature of switching between emulated
devices insures that all devices are executing the specified
scripts at the proper time. The ability to dynamically
summarize data may also be used as an integrity confirmation
technique depending upon the data collection specified in

the script.

4.7.7 Current usage

CUESTA is available for use in the benchmarking
facility of Honeywell, It is also used as an engineering
tool for load testing, performance measurement, and
functional testing.

4,7.8 Operational considerations

The time division multiplexor interface betv/een CUESTA
and the SUT makes it possible to emulate a large number of
low-speed asynchronous terminals without the logistical
problems associated with the usual requirement of one
RTE/SUT cable per terminal. Only one cable per time
division multiplexor is required, and it can be shared by as
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many as 52 emulated terminals. Consequently, 100 to 300
terminals can be emulated with six RTE/SUT cables. As will
be discussed in section 5, the implications of emulating
asynchronous terminals in this manner are not clear.

4.8 IBM's Data Base/Data Communications Driver System (DB/DC
Driver)

The Data Base/Data Communication Driver System (DB/DC
Driver) is one of the two RTE's developed by IBM. It is a
tool for testing and driving one or more communication
oriented or data base application programs.

4.8.1 General description

One feature of this RTE is that it operates in one of
two modes. In simplex mode, the RTE runs internal to the
teleprocessing System Under Test (SUT). In duplex mode, the
RTE resides in a CPU external to and independent of the SUT.
Duplex is the mode of operation of concern in this report;
however, it is interesting to note that both types are
available in one implementation.

Another interesting feature of this RTE is the logical
driver concept. A logical driver is a subset of the driver
system resources. Each logical driver is controlled by a
test supervisor; each test supervisor may interact directly
with the driver system in real time application via a
logical driver console. The driver system can be shared by
up to 16 test supervisors, each in complete control of their
ov;n regions.

There is a library function. A user of the driver may
use scripts from private or shared libraries. This type of
capability eliminates the re-writing of scripts by groups of
individuals interested in performing similar functions.

The script language provides for specification of
emulated user think time. The think time for a specific
transaction is determined by the think time distribution for
the emulated device. There is not a command to regulate
emulated user typing rate; rather, all characters are sent
at the speed of the transmission line between emulated
device and SUT.
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4.8.2 Hardware considerations

The configuration of DB/DC Driver is dependent upon the
terminal requirements to be supported and the objectives of
the installation. Real storage requirements are dependent
upon the number and type of terminals to be emulated.

The minimum CPU on which DB/DC Driver can be
implemented is an IBM 370/145. The communications front-end
requirements are handled in one of two ways. Either one
3705 communications front-end is used for the driver system
in addition to another communications front-end for the SUT,
or one 3705 may be shared by the driver system and the SUT
provided the Partition Emulator Program (PEP) is run in this
3705. The reason this sharing is possible is because the
resources of a 3705 are greater than the demand placed on it
by either the emulator or the SUT during a test.

Other hardware requirements include a printer output
unit, a card input unit, a punched card output unit, and a
magnetic tape unit. The operating systems which support
DB/DC Driver are 0S/VS2 Release 1.7 (SVS), 0S/VS2 Release
2.3 (MVS) or 0S/VS1,

The minimum storage requirement is 328K of virtual
storage and 80K of real storage. This configuration will
support the testing of one application program and ten
emulated terminals. For each additional four emulated
terminals, the virtual storage must be increased by 8K; if
the added terminals are 3270 CRT terminals to be used in
display mode, the increase must be 16K.

The devices which are emulated are the IBM 2741
Communications Terminal with Correspondence line code or
PTTC/EBCD line code (EBCDIC), teletype-compatible units type
33 or 35, and the IBM 3270 Information Display System. In
addition to the emulated devices, three real terminals may
be used during application of the driver. The command
console provides for real time operator communication with
the RTE. The communications console is used to record
system error messages and activity. The logical driver
command console is used by a test supervisor to control
script execution. A minimum of one logical driver console
is required; a maximum of 16 is allowed. No more than 255
terminals can be simultaneously online with the driver
system. This constraint includes consoles, other real
terminals and emulated terminals.

DB/DC Driver interfaces through the communications
front-end of the driver system to the communications
front-end of the SUT such that no modifications to the SUT
are required. The driver system includes a modified network
control program which resides in its front-end. This



program communicates with the driver system as a network
control program, and with the front-end of the program under
test as would a terminal*

4.8.3 Script preparation

The driver system uses two types of scripts which use
the same script language, but differ in the type of entries
in the script. The "master scenario" defines the logical
driver and the network to be emulated through the use of
parameters and relates the driver hardware to the terminal
scripts. The "terminal script" contains the terminal
activity to be emulated. Both script types reside as
line-numbered files in the driver system. Terminal scripts
are read, transactions built and transmitted a transaction
or message at a time.

Scripts may be developed in several ways. There is a

facility available in existing systems using either the
Information Management System (IMS) or the Customer
Information Control System (CICS) for the capture of real
user/system dialogues. The actual transmissions from a real
terminal to the SUT and responses from the SUT to the
terminal are captured via the log file in IMS or via a
pre-defined file in CICS. An automatic script generation
program is then executed to produce scripts to be used in
subsequent tests. This facility has been used to facilitate
regression testing,

A second method of script development is the use of the
entry and edit facilities of an on-line system such as TSO
to produce the scripts. A utility is provided with the
driver system to take these scripts files and load them into
the driver data base for use in subsequent tests.

The third method is the use of the on-line entry and
edit facilities of the driver system itself.

4.8.4 Data acquisition

After an emulated device's message is transmitted to
the application program under test, the transmission line is
turned around to await the reply. When a reply is received,
it is time-stamped and logged.

The log contains the transactions sent to the SUT, the
responses from the SUT, and the time stamps.

45



4,8,5 Data summarization

After a test, a utility routine converts the log file
to a formatted data file. The driver system provides a
utility program that will produce a large variety of reports
from the log tape under control of user-specified
parameters. Examples of the types of summarization reports
possible are: average transaction processing time, poll
delay, and response time. In addition, histograms may also
be produced for given parameters for any number of terminals
from one to all.

4,8.6 Integrity confirmation

Because all transactions to and responses from the SUT
are logged, all interactions between the SUT and DB/DC
Driver can be printed for investigation following
application

.

4.8.7 Current usage

DB/DC Driver is a marketable program product offered by
IBM. IBM recommends the driver system for usage in five
major testing areas: regression testing, functional
testing, load testing, network emulation, and performance
measurement testing.

4,8.8 Operational considerations

If response checking is desired, there is an optional
user defined table which can be specified. Each entry in
the table contains up to 16 characters of a possible reply
from the program under test. The entry also contains the
code which defines the action to be taken. A user
transaction is transmitted to the SUT; when a reply is
received, it is compared to the entries in the "critical
message table." If a match is found, the table-specified
action is performed. If no match is found, a determination
is made if an entire message has been received. If not,
more information is read. Otherwise, the next emulated user
transaction is sent.

4.9 IBM's Teleprocessing Network Simulator (TPNS)

The Teleprocessing Network Simulator (TPNS) is one of
two RTE's developed by IBM. TPNS was designed to provide
controlled generation of message traffic into a

telecommunications subsystem or application.
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4,9.1 General description

TPNS performs many functions: emulates terminals,
emulates a communication network, generates message traffic
on existing lines, drives application programs, captures and
time stamps messages and responses, and reports results.
Like IBM's DB/DC Driver and some other PTE's, TPNS runs in
one of two modes. In simplex the RTE runs internal to the
System Under Test (SUT). In duplex the RTE runs in a CPU
external to the SUT.

TPNS can drive multiple applications through multiple
communications front-ends via multiple networks
concurrently, TPNS is hierarchical in design; the network
is emulated as lines connected to multiple terminal
controllers connected to individual devices, "Network"
refers to the hardware and message traffic that TPNS
emulates. "Line" refers to the teleprocessing link between
SUT and emulated terminals. "Terminal" corresponds to the
controller attached to the teleprocessing link. "Device"
denotes a work station attached to a controller. In
addition, control of message traffic rates may be specified
to TPNS at any of these levels of the network: network,
line, terminal, and device.

TPNS emulates think time for emulated user inputs in
one of two ways. Think time may be specified as the
interval of time between receiving a SUT response at the
emulated terminal and the input of the next user message.
Alternatively, think time may be specified such that
emulated terminal messages are sent to the SUT at designated
intervals irrespective of the SUT response; this
specification was developed primarily for use of query-based
systems in which queries are sent to the SUT without waiting
for responses to previously issued queries. Since the
emulated devices are treated in a polled environment, if the
designated interval is selected such that it is shorter than
the polling interval, the emulated terminal messages must
wait the minimum amount of time imposed by the poll before
the message is sent. There is not a script command to
control typing rate.

4.9.2 Hardware considerations

TPNS can be minimally configured to run on an IBM
370/145 with conditional swapping feature, TPNS executes
under all currently available IBM 3^0 operating systems.
The minimum virtual region size of 320K will drive a network
of up to five lines and five terminals. One tape drive is
required if data logging is desired. One 3705 must be
dedicated to TPNS during tests; it requires a minimum of
80K storage.
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The asynchronous terminals supported are the 1050, 2740
Model 1, 2741, AT&T 83B3, and VJestern Union 115A. The
Binary Synchronous terminals supported are the 3270 Models 1

and 2. Additionally BSC 1, 2, and 3 are supported line
disciplines. The BSC terminals supported include the 1130,
1800, 2770, 2780, and the 3780. Synchronous Data Link
Control (SDLC) line discipline for Systems Network
Architecture (SNA) terminals are supported. These include
the 3600, 3650, 3660, 3614, 3767, 3770, 3790, and 3270.

TPNS interfaces through the 3705 communications
front-end of the driver system to the communications control
unit of the SUT. The TPNS 3705 performs part of the driver
functions of TPNS. The communications front-end of the SUT
may be either a 270x or a 370x.

4.9.3 Script preparation

Emulated input message data is generated in several
ways. It can be explicitly given in script files. Hov^ever,
there are several other interesting options. Text can be
obtained internally from tables, a random number generator,
a tirae/date/sequence source, terminal ID, a segment from a
buffer of text received by an emulated device such as the
3270, and terminal action keywords. Text may also be
obtained externally from a message file.

4.9.4 Data acquisition

All messages are time-stamped when received or sent by
TPNS and logged on magnetic tape.

4.9.5 Data summarization

There are four data-related outputs: interval reports,
a log tape, a log listing, and response analysis. Interval
reports are based on data collected on a periodic basis.
This information may be printed in real-time or spooled and
printed later. Response analysis is done by listing
response times and the number of transactions having that
associated response time.

The statistics are calculated by communication line and
include the average, high, low, and 90th percentile. These
response times may be selected as internal host processing
time or total user-observed response time at the emulated
terminal

.
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^.9.6 Integrity confirmation

Because all messages are time-stamped and logged, the
procedure of studying the log of all interactions following
a test can be used to verify the execution of the scripts by
the SUT. In addition, real terminals may be connected to
the lines on which TPNS emulated terminals are transmitting
to observe and manually time responses at the real
terminals

.

4.9.7 Current usage

TPNS is a marketable program product offered by IBM.
It provides a repeatable environment for functional testing,
regression testing, evaluation of network design, and
approximation of application performance,

4.9.8 Operational considerations

There is a preprocessor which provides syntax checking
of scripts before execution. There is a set of operator
commands which may be issued at the control console during
execution of TPNS; included in this set are commands to
modify emulation parameters and invoke terminal recovery
facilities, and change message transmission rates during the
test

,

TPNS is started as a normal job under the operating
system. During start-up the TPNS NCP is loaded. Following
this procedure, the network initialization is performed.
Based on the user specifications in the network
configuration cards and message generation cards, the
network is built.

TPNS is a sophisticated system which includes logic
test to provide for content analysis of SUT messages. This
facility enables logical responses from emulated terminals
based on SUT responses.

4.10 Tyrashare's MEDLINE Simulated User System (MSUS)

MEDLINE is an international information system to
support the delivery of health care services and the
education of health care professionals and related
personnel, MEDLINE was implemented by the National Library
of Medicine (NLM) to run on the IBM 360/370 family. It is
currently running on an IBM 370/158. The majority of
MEDLINE users access this information system via the
Tymshare Network (TYMNET). NLM contracted Tymshare to
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implement a system to emulate user interactions with MEDLINE
in such a way that the communications front-end could not
distinguish such interactions from those with real users.
This system was needed by NLM to insure that planned
developmental changes to MEDLINE would result in improved,
not degraded, system performance.

Originally, Tymshare implemented the MEDLINE Simulated
User System (MSUS) under the Single Simulated User Program
(SSUP). As the name implies, SSUP was only able to emulate
one user. The Multiple Simulated User Program (MSUP) has
replaced SSUP in MSUS. Because MSUP is an extension of the
previous implementation, it alone will be discussed.

4,10.1 General description

MSUS is unique in the context of the other RTE's
because it represents an approach to remote terminal
emulation in which the emulator is always available on-line
to users of a computer network. There is no special
hardware for the user to configure; rather a simple
command, MSUP, is issued at the user's terminal and the RTE
is available. Because Tymshare is also providing computer
service to persons other than those using the RTE and
because execution of MSUP does add an increased load to the
host on which it runs as well as the network, the number of
terminals which can be emulated is limited by the workload
on the Tymshare host computers at the time it is initiated.

There is a script command to control the typing rate
for each emulated device. There is also a command for think
time. Additional script commands include a command for
imposing pauses within the user messages and a command for
error handling.

4.10.2 Hardware considerations

MSUP is able to run on any one of the XDS 940 host
computers on the Tymshare network. It communicates with the
System Under Test (SUT) through the communications lines
provided by the network between the 940 running MSUP and the
SUT.

A maximum number of 20 emulated devices per XDS 940 may
transmit messages at 110, 150, and 300 bits per second. The
National Library of Medicine has used three 940 's

simultaneously to emulate 60 users.
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4,10.3 Script preparation

Scripts are created in the Tyrnshare LNED package. LNED
is an easy-to-use line editor which permits the user to
enter, delete, or modify lines simply by entering the number
of the line and the desired contents. Once files are
created, they may be changed simply by invoking LNED.

4,10.4 Data acquisition

The data descriptive of the RTE/SUT interactions are
recorded in the Interaction File, There are three distinct
general classes of information records found in this file.
The Characteristic Record occurs only once in every
Interaction File, and it contains the general descriptive
information regarding the session; for example, the number
of users logged into MEDLINE at initiation, the date and
time of the test, emulated terminal transmission rate, and
emulated user typing rate. The User Interaction Record
occurs for each line of the script file read. This record
contains such information as the elapsed time required to
transmit the interaction at the specified typing rate, the
elapsed time between sending the last character of an
emulated user message and receiving the first character of
the SUT's response, the elapsed time to receive the response
at the emulated transmission speed, and the text of the
user's interaction. The System Interaction Record which
follows each User Interaction Record contains operation
numbers associated with each type of interaction.

Rather than performing the time-stamping at the 940
running MSUP, it is performed by the SUT. This is
accomplished by MSUP sending requests to the SUT for the
amount of resources utilized by an emulated terminal. This
implies that only the SUT's performance is being tested,
without regard to the communications network.

4,10,5 Data summarization

Several reports and analyses are provided by the
Multiple Simulated-User Reports (MSUR) program. Output from
this program can either be directed to the user's terminal
or to a file. There are three reports which can be
generated according to the desires of the MSUR user.

MEDLINE User System Elapsed Time, MUSET, prints the
elapsed time listing for any specified test. The user
identifies the Interaction File name and the specific
operation numbers to be sought. There are four types of
elapsed times which are available: the time to transmit
emulated user messages, the response time, the time to print
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the SUT's response, and the total interaction time,

MEDLINE User Simulator Analysis and Distribution,
MUSAD, has three options: elapsed time analysis, elapsed
time distribution, or both. Again, one of four elapsed
times is available for calculation: transmit, response, SUT
print, and total interaction times. The MUSAD user
specifies which operations are to be represented as columns
in the print-out. The elapsed time analysis option displays
the number of Interaction Records which fall into specified
time intervals by column, where each column represents a
specified operation. The Elapsed Time Distribution option
displays the number of Interaction Records occurring in each
interval as a percentage of all Interaction Records for that
column. If the combined report is selected, then both the
count and percentage reports are printed.

MEDLINE User Simulator Source Comparison, MUSSC,
isolates any output differences between two tests. The user
identifies the Interaction Files to be compared, and the
specific operations. If differences are found, the complete
interaction is printed, including user and system responses.
Tne total number of differences is also calculated.

There are also several programs which were written by
the staff of the National Library of Medicine. These
reports concentrate on average response times and factor out
the communications network components; that is, these
reports strictly relate to the performance of the host
computer system.

4.10.6 Integrity confirmation

MUSSC, described above, provides a check on script
execution. When identical scripts produce different
results, the entire interactions are printed to aid in

determining the reason for the differences.

4.10.7 Current usage

MSUP is currently used by the National Library of
Medicine for performance testing of its on-line services.
In addition, a copy of MSUP is available for another
Tymsnare user for contract monitoring activities. If the
user finds that service falls below a specified minimum over
a specified period of time, the contract contains a clause
for appropriate action by Tymshare.
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4.10.8 Operational considerations

MSUP is available as any application program on a
Tymshare 940 computer. Because hundreds of users may be
served by Tymshare simultaneously, it is necessary to
provide MSUP with the capability to reject a proposed test.
This reject capability is required to insure that the
service quality of the Tymshare users not concerned with the
test may continue at an undegraded level. MSUP users must
specify the number of terminals to emulate; if the workload
is such that the additional load would cause degraded
service to other users, MSUP suggests a lower number to
emulate

.

There is an interesting script command which informs
MSUP of the maximum interval of time to wait for the SUT's
response to a message sent by an emulated user. If the
maximum is exceeded during any test, the user of MSUP is
informed, and the test is aborted for that one emulated
device. Again due to the on-line environment of MSUP usage,
this command is especially useful. While the network may
not be heavily loaded at the beginning of a test, the
network workload may increase during the test and with the
extra burden of running MSUP, the test may be invalidated
for one or more emulated devices.

4.11 Univac's Communications Network Emulator (CNE)

Univac has developed the Communications Network
Emulator (CNE) as a tool for use only within the company;
its primary application is in support of marketing at the
test center in Minneapolis.

4.11.1 General description

CNE runs in any model Univac 1100 series computer. It
may be operated as an RTE, or may be operated as an internal
measurement driver. Operator think time is emulated; it is
specified by a special script command. Transmission of
messages is performed at the maximum line rate for
asynchronous as well as synchronous transmission,

4.11.2 Hardware considerations

CNE emulates Univac product line CRT terminals
operating in asynchronous or synchronous multiplex mode,
terminal work stations involving card and paper tape
facility, asynchronous keyboard hard copy terminals, and
terminal multiplexers. It is capable of emulating
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synchronous and asynchronous cominunication processors with
varying lines speeds. It is designed to run a maximum of 32
lines concurrently; multiple copies of CNE must be loaded
in the driver system to run additional modules of 32 lines.

The line configuration may consist of any permissible
configuration of the corresponding Univac hardware,
including single and multi-drop networks and cascaded
multiplexers. The network emulated is described by a number
of optional card images which specify the terminal type and
parameters

.

CNE checks all messages output from the System Under
Test (SUT) and waits for the appropriate prompt character,
which differs according to whether the emulated terminal is
synchronous or asynchronous. It also checks for a repeat
request message, which is again different for synchronous
and asynchronous terminals, and takes appropriate action by
retransmitting the last message.

4.11.3 Script preparation

Scripts are constructed using one of the standard input
modes available on the Univac 1100, such as editor or
punched card input. These scripts contain exactly the same
input as would be produced by terminal users, augmented with
a few commands in the standard command language format,
which are specific to CNE usage.

Tne special commands include the following: an
indication that the following terminal input is emulated
paper tape or card input; a number of commands to set and
reset timers and to recognize certain characters as
solicitation and termination characters; an ability to set
the think time; and an ability to cause a specific card
further down in the run stream to be transmitted at a
specified time relative to the present time. There is also
a repeat count command which allows the restarting of
scripts from lines 0 to 8.

4.11.4 Data acquisition

All input and output buffers and error messages are
recorded on mass storage for subsequent analysis by programs
which are provided as part of this package.

CNE tiraestamps the first character transmitted from
buffered terminals which would be the time at which the user
presses the transmit key. For asynchronous devices, CNE
timestamps the last character, the carriage return ending
input. System output is timestamped with the calculated
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time of the first character transmitted for synchronous
communication which occurs in fixed block lengths. In
asynchronous communication, system output is timestamped
with the first character transmitted. There is no capacity
to provide timing for a live terminal. It is difficult
although not impossible to display the traffic between the
SUT and an emulated terminal.

4.11.5 Data summarization

There are two related data analysis programs. One
allows the data analysis user to select an individual
terminal or a set of terminals, and to print out a complete
history of all transactions occurring between the SUT and
the emulated terminal, or a history of error messages, or a

history of all text messages. The other data analysis
program provides a listing of all transactions for every
active terminal followed by a device summary which gives
statistical information on that device. After all terminals
have been listed, a network summary is given containing the
same statistics. Statistics include averages, medians, and
standard deviations, for individual devices and the network.
Optional controls permit the elimination of any or all of
these statistics as well as the text data printouts. In
addition, this program allows users to provide a string of 8

characters to uniquely identify a given user input for which
statistics will be calculated. Another option allows the
user to specify the start and stop time over which
statistics are to be collected.

4.11.6 Integrity confirmation

The procedures which can be used for integrity
confirmation are available as post processing activities.
One is the printed record of all SUT/RTE transactions. This
record can be studied to determine if the interactions
proceeded as expected. The history of error messages also
provides a means to insure that the SUT and RTE functioned
properly during a test.

4.11.7 Current usage

At the present time CNE is available only for use
internal to Univac. It is used in their responding to
benchmarking requirements.
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4,11.8 Operational considerations

For small network configurations, the description of
the lines and terminals may be prepared by the user
directly. For assistance in configuring large networks,
there is a COBOL program which will produce a file of the
necessary card images which can then be used as input to
ONE.

4,12 Univac's Communications Simulator (CS1100)

Univac has an RTE called Communications Simulator,
CS1100, Which is available to all Univac 1100 installations
at no charge.

4,12.1 General description

CS1100 provides the user with the capability of
emulating a complete communications environment without
requiring terminal operators or terminals, CS1100 is
provided in three major modules: traffic control language
(TCL), communications line simulator (CLS), and remote
terminal simulator (RTS), This division into modules
conveniently isolates the functions of emulating terminal
operators, emulating communications, and emulating the
terminals. The aggregate of these modules constitutes the
RTE.

TCL is a language developed to control traffic between
an emulated remote terminal and the System Under Test (SUT).
Each emulated terminal is controlled by a TCL program that
describes the actions of the operator of the emulated
terminal. There is a command to emulate think time. There
is not a command to control the emulated user typing rate;
characters are transmitted at the speed of the
communications line, TCL programs may read scripts from
program or data files, send messages from an emulated
terminal to the SUT, and receive messages from the SUT. The
TCL language, which bears a strong resemblance to SNOBOL,
contains a set of powerful and flexible commands used to
examine and change images received from the SUT or read from
the files and thus control the action of the emulated
terminal operator.

CS1100 can operate as an internal driver, without use
of communications hardware. When so operated, CLS is
employed to emulate this hardware. CLS is the aggregate of
the 1100 series executive changes required to achieve
emulated communications line data transfer. Since it is
used only when CS1100 is operated as an internal driver, it
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will not be discussed further here.

RTS is a real time user program which emulates the
hardware remote terminals. For each type of remote terminal
to be emulated, RTS incorporates a hardware device emulator.
RTS then provides the interface between each hardware device
emulator and the TCL dispatcher which controls the execution
of TCL programs.

The actions of RTS are directed by control statements
which are provided in a file, from an interactive terminal,
or from the on-site operator console. The available
commands may be divided into three broad categories: 1100
Series operating system commands, commands affecting the
operation of the RTS emulation, and specification commands
describing the terminal network to be emulated. The
commands affecting the operation include a command to
display the count of the number of active terminals, a
command to display the memory usage of CS1100, a command to
set the delay rate between the reading of control statements
from a file, a command to insert a wait just before the next
control statement is read, as well as a command to terminate
one or more emulated terminals.

TCL allows RTS to be a programmable RTE. The code
generated by the TCL compiler is loaded by RTS into itself.
Subsequently, control is dispatched between the hardware
device emulator and the TCL program by the RTS dispatcher.

TCL is a language for ASCII text manipulations, plus a
few special statements for interfacing with RTS. Several of
the features of the SNOBOL language are present, along with
arithmetic and logical operation on integers. TCL is a
special purpose high level language designed to control and
analyze traffic between emulated remote terminals and SUT's.
TCL programs may operate in conjunction with one or more
transaction control files which contain images that may be
sent to the system by the emulated user or used as
parameters to the TCL program. Thus, the TCL program may
either send images from the transaction control file or
generate and send its own control files images. The
absolute program produced by the TCL system program is
reentrant so that any number of terminals may be emulated by
the addition of just the data required for that terminal.

4.12.2 Hardware considerations

The supported terminals include asynchronous ASCII
teletypewriter terminals; full-duplex remote synchronous
batch terminals (reader, printer, punch); synchronous CRT
terminals, configured in single station multidrop,
multiplex, cascaded multiplex, or multidrop multiplex
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networks; and keyboard reader printer punch synchronous
workstations.

CS1100 is designed to support additional terminals as
they are added to the Univac product line, it is therefore
easy to install drivers for additional terminals. Users
with otner terminals may add their own drivers so that these
terminals may also be emulated.

4.12.3 Script preparation

Scripts to control the operation of CS1100 may be
stored as symbolic entities (called "elements" in CS1100
terminology) in the RTE computer's file system. These
scripts may be input from cards or from a terminal and may
be modified using -any of the ^ available editor-like
subsystems.

In order to simplify the generation of RTS control
language statements necessary to configure large networks, a
skeleton is provided to generate the device specification
control statements.

4.12.4 Data acquisition

RTS maintains an audit trail of all communications
activity in a log file. The log entries include: the
complete input buffer, the complete input message, the
complete output message, the complete output buffer, time
stamps, terminal initialization and termination, RTS
initialization, date change, and TCL print statements.

The time stamp associated with each message is the time
that the message has completed transmission; that is to
say, tne time of the last character. In the case of
synchronous lines, input to the SUT is time stamped upon the
acknowledge from the SUT.

4.12.5 Data summarization

A utility processor is made available for reading and
printing tne log file. The available options include:
print a batch format listing; print log entries and
headers; print TCL program statements; print response
times; print the read and print log entries only; and
print response time graph. Output may be selected for a

specific terminal or for all terminals. When a specific
terminal is selected, printout includes the time stamp for
input (emulated user messages sent to the SUT) and output
(SUT messages sent to emulated users), and the time
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difference between input and output. Due to the method of
timestamping , the response time is the time from the last
character of an emulated user message to the last character
of the corresponding SUT message.

4.12,6 Integrity confirmation

Scanning the listing of all characters exchanged
between emulated devices and SUT verifies that the scripts
have executed correctly. The option of selecting the
summary of a single device provides the added check on
timing specifications (e.g. are the delay or think times of
the correct duration?).

4.12,7 Current usage

CS1100 is used by Univac in the regression testing of
the 1100 Series Executive communications handler, the
communications control routines (CCR's), and the 1100 Series
TIP/CHS transaction system,

CS1100 is available to all Univac 1100 series
installations at no charge.

4,12,8 Operational considerations

CS1100 has been designed as a modular system and
documentation is available on the three modules: TCL, CLS,
and RTS, The message traffic controller, TCL, may run with
or without the emulator of the terminal devices, RTS, Use
of TCL without RTS is more suitable to in-house testing than
to the procurement environment. In procurements the
emulation of the hardware is a significant factor.
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5. Problem areas

As mentioned in Section 2, the issues of repeatability
and flexibility impact the use of RTE's. The tradeoffs
between tnese two issues are weighed by the purpose of the
RTE application. For in-house testing of a SUT, it appears
that the need for flexibility is greater than in a
procurement environment. That is, if the SUT malfunctions
from overload during a procurement Live Test Demonstration,
the vendor will probably decide to reconfigure a SUT for a
new test. In in-house testing, the RTE should be able to
field operator messages indicating that the system is under
stress and log these messages for later analysis. System
operators can use such inputs for performance reports and
determining system bottlenecks.

Emulating a large number of asynchronous terminals is a
problem for some of the RTE's studied. The definition of
"large" varies, but is apparently between 50 and 100. The
difficulty appears to be more fiscal than technical. While
there is no difficulty in configuring a system for
installation at the customer's site, there is a problem with
the test system at the vendor's benchmarking facility.
There is a cost, on the order of $750 to $2,000, in
configuring each line between the RTE and SUT.
Non-multiplexed asynchronous terminals each require one
line, thereby significantly impacting the cost of setting up
an emulation.

For in-house testing of a system, multiplexing
asynchronous devices is not a prohibitive feature. That is,
the system is tested prior to system changes to determine
performance; then, following system changes it is tested
using the same configuration to determine if any degradation
has occurred. However, in the procurement environment the
impact of configuring asynchronous devices is not clear.
For example, after delivery of the computer system when the
asynchronous devices are configured on the basis of one
terminal per communications line, the system may not deliver
the same level of service. Of course as long as the service
is within the RFP requirements, it is acceptable. There is
currently not agreement as to how to alleviate this problem.

Allowing a vendor to substitute equipment other than
that specified is not an uncommon practice. Questions are
raised as to the representativeness of the test in which a

substitution is made, whether the workload on the SUT is
increased or decreased by the substitution, and how the SUT
should be configured relative to the equipment required for
the live test demonstration. The alternatives include the
use of keyboard interactive terminals operating in
synchronous multidrop or multiplex mode, asynchronous
terminal traffic already processed through a multiplexer.
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and conPaection of RTE and SUT by a data path which does not
follow any communications line discipline.

Another problem is proper emulation of the data
handling capacity of terminals. For example, at an RJE
terminal the limiting factor on throughput could be the
speed of the line printer. Therefore, scenarios should not
specify unrealistic performance of the emulated device.
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6. Summary

The trend in computer usage has been from on-site batch
processing systems to systems which encompass on-site batch,
remote batch, and interactive teleprocessing. Batch
programs when timed by observers using stop-watches
constituted adequate benchmarking methodology for on-site
batch systems. Benchmarking of teleprocessing computer
systems requires different techniques to evaluate the system
quality of service. Remote terminal emulation is an
approach to such evaluation.

This report has discussed key factors in remote
terminal emulation that were identified through personal
discussions with vendors and implementors of RTE's, site
visits, and interactions with users of RTE's, Twelve RTE's
were identified for which detailed information was
available. These RTE's were described to indicate the
current capacity and capability of these devices, and
implementation considerations

,

The majority of RTE's were originally developed for
in-house testing by vendors of computer systems and
services. For the most part, vendors recognized the need
for a tool to be used for such activities as the stress
testing, software debugging, and tuning of teleprocessing
systems. As the RTE's matured and their use became
recognized, in some companies they became marketing tools,
and, in some cases, marketed software products. It is
interesting to note that while vendor-developed RTE's were
designed independently, they are functionally very similar.

The authors acknowledge the excellent cooperation of
the implementors of the RTE's described in this survey, both
in providing information and validating the technical
content of this report. Specifically, the assistance of the
following persons is acknowledged: Air Force (Ray Carle),
Burroughs (Bill Bird, Chris Clark, Bill Johnson), Control
Data Corporation (Will Kane, Bob Korsch, Juris Skujins)

,

Digital Equipment Corporation (Dave Kearsis, Ed McHugh,
Rollins Turner), Hewlett Packard (David Crockett, Ed Giamo,
Mike Jones, Len Shar , Chris Wilson), Honeywell (Couley
Arthur, Israel Epstein, Jack Keim, Clare Miller, Dick
Quinn), IBM (Jerry Boyle, Tom Eccles, Bob Follett, Lydia J.
Friedman, Ray Youstra) , MITRE Corporation (Dave James, Dave
Lambert), National Library of Medicine (Barbara Sternick)

,

Tymshare (Guy Blood, Ron Stevens), and Univac (S, Bolin,
Larry Hakeraan , Jack High, Larry Sheets).
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APPENDIX A

Communications Disciplines Supported

1 n T* r?
1 Rl h Asynchronous

1
Synchronous

!

1 Air Force/MITRE DVM w
j

«
1

1 Burroughs System/DCEM «
j

*
j

i
Control Data Corp. BARTER *

!

«
j

1 Digital Equipment Corp. *
1 1

1 Hewlett Packard TEPE «
1 1

1 Honeywell CUESTA *
!

a
j

1
Honeywell DATUS *

i 1

i IBM DB/DC Driver *
!

*
!

1 IBM TPNS *
!

1
Tymshare MSUS *

!

1 Univac CNE *
1

*
\

! Univac CS1100 *
1

*
i
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APPENDIX B

Maximum Number of Devices Emulated

1 D T* C*
1
Asynchronous

|
Synchronous

j

1 1 I

1 1 1

j Air Force/MITRE DVM

j

j 64 § 110 to
I
64 § 2.4K to

1

134.5 bps andi 153. 6K bps 1

muitxpxes ox
i i

\
150 bps for 1 1

! 150 to 19. 2K 1 1

1 Burroughs System/DCEM No Known Upper Limit !

' P /-> »-i 1- n /-1 1 Ho + o nnYtn RARTfTR
1 uOu urox juaca ^orp» x5/initn

1
OH ir 1 lu or 1 0 K y.ois.Dps I

1 150 bps ! or 16 § 4.8K,'

j Digital Equipment Corp. 32 e 110 bps
1 1

I to 2.4K bps
! !

! Hewlett Packard TEPE 1 32 & 110 bps 1 !

1 I/O ^1 • ops
1 1

1 Honeywell CUESTA
!
96 communication lines at

!

1 1 lU 1/ U y.Ofv upo up l/U 1

I

maximum of 32 devices/line I

1
pX Uo ^UU UXIilC UXYXoXUIi |

I

multiplexed users 0110 bps
i

' inn & Jnn Kr><a '

1
or lUU t: jUU upo 1

j Honeywell DATUS i 17 & 300 or 37 @ 150 bps |

1
or z) c 1 1 u upo 1

1 IBM DB/DL Driver 255 devices j

! T RM T P M

1 Tymshare MSUS
1 (per 940 computer)

! 20 0 110 i 1

1 300 bps i 1

i Univac CNE
I
32 communication lines

i

j Univac CS1100
1 No Known Upper Limit I
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APPENDIX C

Emulated User Features

i
. RTE

1
Think Time Typing Rate

i

1

1

1 Air Force/MITRE DVM
|

*
1

1 Burroughs System/DCEM
j

1

1

1 Control Data Corp. BARTER
!

* *
i

! Digital Equipment Corp. i

i Hewlett Packard TEPE 1
*

1

1 Honeywell CUESTA
|

1 Honeywell DATUS 1

I IBM DB/DC Driver i

j IBM TPNS I

1 Tymshare MSUS 1

1 Univac CNE 1

*

1 Univac CS1100 1

*
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APPENDIX D

Measures of SUT Performance

1 RTE R p sno n *^

p

Time
Other

i

1 Air Force/MITRE DVM * «
1

i Burroughs System/DCFM *
!

1 Control Data Corp. BARTER * *
1

i Digital Equipment Corp. * *
1

i Hewlett Packard TEPE *
I

i
Honeywell CUESTA * *

1

1 Honeywell DATUS a
j

1 IBM DB/DC Driver

1 IBM TPNS * *
1

1 Tyrashare MSUS *
1

1 Univac CNE * *
I

1 Univac CS1100 *
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APPENDIX E

Data Summarization

1 RTE Basis of Summary Statistics!

Per Terminal i Cumulative
|

{ Air Force/MITRE DVM *
! * 1

1 Burroughs System/DCEM *
! * !

j Control Data Corp. BARTER *
! * 1

1 Digital Equipment Corp. « j «
j

1 Hewlett Packard TEPE * \ *
j

j Honeywell CUESTA

1
Honeywell DATUS * < a

j

i IBM DB/DC Driver » j « >

1 IBM TPNS a \ *
j

J Tymshare MSUS *
1 * I

j Univac CNE *
1 * 1

1 Univac CS1100 « j «
j

"Cumulative" includes data summarization of all emulated
devices or on a selected portion of all devices.
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