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References in this material to IBM products, programs, and services do not imply
that IBM intends to make these available in all countries in which IBM operates.

This Technical Bulletin is an 'IBM Internal Use Only' document. The intent is
to provide insight into the capability of IBM products for IBM Marketing
Representatives and System Engineers. :

The performance data in this document apply to specific system configurations,
transaction content, and prevailing system load conditions at time of
measurement. Therefore, the data should not be used, either 'as is' or through
extrapolation, to predict, guarantee, or in any other way to commit IBM to a
specific set of performance results.

You may discuss pertinent information from this bulletin with a customer, and
you can abstract pertinent information for presentation to your customers.
However, the charts and tabular data are for internal information purposes only
and may not be given to customers.

In this document, ‘any references made to an IBM licensed program are not
intended to state or imply that only IBM's licensed program may be used. Any
functionally equivalent program may be used instead.

A form for readers' comments has been included at the back of this publication.
If the form has been removed, address comments to:

G. H. Bouman, Dept. 33NA 975
3X74 Subsystem Performance
IBM Corporation
Neighborhood Road

Kingston, NY 12401
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PREFACE AND ACKNOWLEDGEMENTS

This publication provides performance guidelines and data on the IBM 3174 and
3274 control units with a variety of workstations and devices attached. For a
description of the characteristics and operation of these units, refer to the
IBM 3174 Subsystem Control Unit Functional Description, GA23-0218, and the
3274 Control Unit Description and Programmers Guide, GA23-0061.

This document is the result of the work of many people in the 3X74 Subsystem
Performance Group in Kingston. Russell J. Houldin and So S. Chang developed
and maintained all 3274 and 3174 performance models except for the Token-Ring
Network connection. They also were responsible for measurement analysis.
James T. Zahorsky and Jum L. Chin developed the performance measurement
methodologies for all products, and obtained and analyzed many of the data.
Tom F. Dubois and Richard A. Swanson were responsible for the models of the IBM
3174 subsystem control unit Token-Ring Network connection and file transfer
operations, and performed the measurements, analyses, and simulations. Art J.
VanBenschoten was the principal source for the data and analysis of remote
control unit operations. I am deeply indebted to all of them for their
contributions and reviews. : o

My special thanks to Bob Vondrasek of the Distributed and Office Systems Support
Center in Dallas for his initial contributions to this document.

I hope these guidelines will be of help in assessing IBM 3174 and 3274

performance, and welcome your comments.

Geert H. Bouman Kingston
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CHANGES AND ADDITIONS TO THE SIXTH' EDITION

The principal additions to this sixth edition of ZZ20-4167 are performance
information on the new IBM 3174 Subsystem Control Unit, and its attachment
option for an IBM Token-Ring Network. All information from Technical Bulletin
Performance of IBM 3174 Subsystem Control Units, ZZ27-2671, has been included
(in Chapters 3, 4, and 5). Data on 3274 Models 1, 21, and 31 has been deleted.

Chapter 8 in the fifth edition (ZZ20-6741-4) on graphics performance of IBM
3179 G and IBM 3270-PC Graphics Workstations has been removed, but data on the

pass-through of long data streams has been added in Chapter 2. For more
information, refer to the Graphics Systems Performance Guide by
A. J. Kirkland (IBM Hursley). Comments on alphameric performance of these

workstations is included in Chapters 3 and 4 of this bulletin.

The curves and data in this edition do not include significant contingencies
unless expressly indicated (for charts, by an asterisk). They have been
obtained from models based on actual measurements. When making comparisons with
information in previous editions of this document, be aware that most of those
data include 10-15 percent for contingencies.

The concepts of subsystem utilization and capacity planning have been expanded
for use as an aid in the performance assessment of local subsystem
configurations. ' :
Chapter 2, Scope of Performance Data, has been reorganized and expanded with,
among others, a discussion of TP-linked subsystems. Most other chapters have
been renumbered. Chapters 5, 9, 10, and 11 are new; Chapter 6 on printers has
been expanded with information on the IBM 4245 D12 and D20 printers.
Furthermore, there is new performance information on the following products:

. IBM PC with 3270 Emulation Program, Entry Level (Chapter 7)

i IBM PC with 3270 Emulation Program Version 3 (Chapter 7)

o IBM Personal Computer with PC/VM Bond program (Chapter 7)

e  IBM 3193 Image Display Station (Chapter 9)

d IBM Personal Computer AT/370 (Chapter 10)

. IBM RT Personal Computer (Chapter 11)

For the performance considerations and data on a specific terminal product,
consult Chapters 1 and 2, the chapter on the device, and appendixes as required.

iv Performance Guidelines for IBM 3X74-Attached Workstations
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CHAPTER 1. INTRODUCTION

This publication is intended for IBM personnel who need information on IBM 3174-
or 3274-based subsystem performance. The data in this guideline can be used
for making performance estimates for 3X74 subsystem control units with devices
of many different types attached. These not only include IBM 3270 displays such
as the 3178, 3179, 3180, 3191, 3193, 3194, 3278, 3279, and 3290, but also
several IBM printers, the IBM 3270 Personal Computer, and other IBM Personal
Computer products.

The purpose of these estimates is to help you select the most suitable IBM 3X74
subsystem configuration for your proposed or installed applications, when
performance is a dominant consideration. Other factors, such as SNA versus
non-SNA, determine the base characteristics needed in a subsystem control unit.

The charts presented in this document can be used for comparing the performance
of selected configurations and operating modes. They can also be used to get
a 'feel' for how the number of terminals per control unit will affect response
time. Given the data on all other response time delays in the system, a total
response time can be calculated.

Most curves and data presented in this document are based on actual
measurements, and do not include significant contingencies unless explicitly
indicated (for charts, by an asterisk). This should be kept in mind when making
comparisons with information in previous editions (ZZ20-4167-0 through -4),
where usually a 10-15 percent contingency was included. The performance data
are for the microcode levels indicated in the text.

A more exhaustive performance analysis can be made using HONE AID FIVE3270 for
the devices which it supports.

- Some workstations that attach to an IBM 3X74 control unit can perform file
transfer operations.with the host. The effect of file transfer on the 3X74 is -
different from normal interactive traffic, and depends on the specific file
transfer programs being used in the host and the workstation. Since there are
several different file transfer programs, you should not use information on one
environment to estimate the performance in another.

Chapter 1. Introduction 1
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SUBSYSTEM RESPONSE TIME

In any interactive system, an inquiry or other message entered by an operator
encounters multiple delays, as shown in Figure 1 on page 3, before a response
becomes available on the display screen. The aggregate delay is commonly
referred to as 'response time", '"system response', "user-perceived response
time'", etc.

These delays represent time expended in moving the inbound and outbound messages
from place to place, time spent by various hardware and software components in
executing the processing functions involved, and time spent waiting for various
hardware and software resources to begin acting on a message.

The time spent in moving messages is proportional to their length and the speed
of the transmission facilities used. The time spent executing processing
functions is related to the complexity of the work to be done. The time spent
in waiting for a component is heavily influenced by the utilization of that
component, that is, the fraction of time it is busy performing work. As
utilization increases, waiting time tends to increase progressively. For
example, when subsystem transaction rates increase as a result of more terminals-
and/or higher transaction rates at the terminals, the utilization of the slower
links in this chain, for example, a TP line, will rise rapidly and slow respomnse
times appreciably.

In these guidelines, the subsystem performance, or Main Frame Interactive (MFI)
response time of a display subsystem, is viewed as its contribution to the
user-perceived response time ‘experienced at an interactive workstation.
User-perceived response is defined as the elapsed time from entering the message
until the last character of the response appears on the screen, unless otherwise
noted.

Thus, subsystem response time is the processing (and queueing) time in the
subsystem of the inbound and outbound messages of a transaction. Delays in the
host and the network (not addressed in these guidelines) are not included,
unless specifically stated.

2 Performance Guidelines for IBM 3X74-Attached Workstations
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Data Base access and other
resource queueing.

Priority of the application.

Access Method and SCP queues.
Major delay can be in SIO queueing.

Channels, very fast.
TP links, line speed dependent.

This bulletin concentrates on the
delays encountered in the 3X74

"control unit and interfaces to it.

I
INBOUND | OUTBOUND
DELAYS | DELAYS
I
I I !
Data Base I I -+ 2| I
Subsystem | | | | |
| DELAY | DELAY |
I I I | |
L | ' I ]
’ I \
r I I I u
Application | | | I |
Program | DELAY | DELAY |
I | I | |
: | I | .
: 4 I ¥
Host Oper. , | | | |
System I | | | |
Software | DELAY | DELAY |
and SCP's | l | | |
' I I | :
4 I ¥
. I | | 1
Transmission | | | I |
Facility | DELAY | DELAY |
I I I | I
: | I | '
4 I
r | | | ]
3X74 | I I | |
Control Unit | | | | |
and | DELAY | DELAY I
Terminals | | | | |
| | | | I
' | I | -
'
I I v
Start Message | Response
here —~» is entered | appears
by operator| on screen
|
Figure 1. Delays In An Interactive System

'Chapter'l. Introduction
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SUBSYSTEM CONTROL UNIT UTILIZATION

The utilization of a subsystem control unit is defined as the average message
service time in the control unit multiplied with the average number of messages
per second serviced by the control unit (multiplied by 100 to express
utilization as a percentage). High utilization of a channel-attached subsystem
can increase its response times appreciably because of queuing delays being
added to the (single-thread) service times of messages.

The average control unit utilization is a measure for the aggregate load that
a local subsystem can handle with acceptable response times. As a general rule,
utilization should not exceed sixty percent, or it should be less than thirty
percent when maintaining minimal subsystem response time is very important.

Response times can also be affected by high channel utilizations. Normally, the
contribution of data transfers over the channel to response time is small.
However, when channel utilization is high, significant delays may be introduced.
For this reason, one should plan to keep the (average) utilization of a channel
by all its attached subsystems and devices below thirty percent. See
Appendix C. ' -

For remote subsystems, the speed and type of the communication link rather than
the control unit determine performance, because control unit processing is
faster, and overlapped by the data transfer over the link. For remote
applications, it is therefore important to minimize data stream length to keep
utilization of the link down.

In addition to selecting appropriate protocol parameters, data stream size may
be reduced by invoking compression or compaction functions, if available, and
by using appropriate (3270) data stream orders. For example, a row of eighty
dashes across a page can be compressed to four characters by using the
Repeat-to-Address order.

The capacity planning approach for 3X74 subsystems is -based on adding the

contributions of the various MFI transactions, concurrent file transfers, and
printer operations to obtain subsystem utilization.

4 Performance Guidelines for IBM 3X74-Attached Workstations
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IBM 3X74 SUBSYSTEM CONTROL UNIT MODELS

There are seven new models of the IBM 3174: 1L, 1R, 2R, 3R, 51R, 52R, and 53R.
They are listed together with the older IBM 3274 models in Figure 2 on page 7,
along with some of their principal characteristics. Certain functional (and
performance) characteristics are obtained when combining one of these models
with a given Configuration Support (microcode).

The location of the people usually mandates the location of their workstations,
which, in turn, determines the manner in which subsystems are attached to a
host. Since channel attachment is limited to 122 meters (400 feet) for the 3174
subsystem control unit, control units beyond that distance must be serviced by
attachment to a. telecommunications 1line (unless the IBM 3044, or other
channel-extending hardware has been installed).

As many as four IBM 3299 Terminal Multiplexers Model 1 may be attached to a 3X74
control unit up to 1500 meters (4920 feet) away with coaxial cabling. In turn,
eight terminals attach to a 3299 with up to 1500 meters (4920 feet) of coaxial
cabling, allowing a maximum of 3000 meters (9840 feet) between terminal and
control unit. Note that one 3299 permits as many as eight terminals to share
as much as 1500 meters (4920 feet) of coaxial cable.

Using IBM Cabling System (ICS) type 1 or 2 wiring, or type 3 wiring in
combination with a 3299 Model 2 or 3, may reduce the maximum cable distance of
1500 meters to 274 meters (900 feet), or somewhere in between, depending on the
wiring configuration used.

Performance is often important in the selection of the attachment mechanism as
well. The much higher data transfer rate available with host channels (in the
order of one Mb per second or less) gives local control units a <clear
performance advantage over remote subsystems, where many consider 9600 bps a
high speed link. For higher link speeds, up to 56 kbps for SNA, the gap narrows.
This difference in remote versus local performance may dictate local channel
attachment.

In local control units, it is the data stream processing rate -in the subsystem
rather than the channel transfer rate that determines subsystem response time.
Because channel utilization by a single control unit is usually small, several
controllers can share a channel.

For local control units operating in an SNA environment, performance of the 3174
is considerably better than of the 3274 in terms of channel utilization,
pass through rate, and response time, with some exceptions as noted in the text.
For remote subsystems, however, SNA/SDLC generally provides superior link
performance compared to (non-SNA) BSC. ‘

After having chosen a primary attachment method, some further determinations
may need to be made such as whether to trade off the number of attached terminals
against performance, whether to operate a workstation in CUT or DFT mode (when
the option exists), and the control unit type and model. Response time is
usually the primary determinant of subsequent design activity.

As in most IBM 3274 Control Units, data stream handling functions in the
IBM 3174 Subsystem Control Unit are implemented with a processor and microcoded

Chapter 1. Introduction 5
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logic to provide flexibility, easy functional growth and upgrading, etc. The
microprocessor in the IBM 3174 is about twice as fast as the one in IBM 3274
Model 41s. Subsystem response does not decrease proportionally, however,
because other subsystem elements affecting response time are identical, for
example, the information rate in the cable between the workstation and the
control unit.

The IBM 3174 models 1R, 2R, 51R, and 52R have about the same performance
characteristics as the 3274 model 61C.

6 Performance Guidelines for IBM 3X74-Attached Workstations
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I'i T I T T 1
| I | | STORAGE, Kb | |
| | | | 11 | CONFIG- |
| CONTROL UNIT MODEL | PROTOCOL, |ATTACH-| 1105 | URATION |
[ |ENVIRONMENT| MENT| 6 2 9 2 3 | SUPPORT - |
| I I | 48246 | ABCDA?
— | | | { |
| 3174-1L Inon—SNA/SNA!Channell X I X |
| 3174—1R/-51R? |non-SNA/SNA| TP | X | X |
| 3174—2R/-52R? |non-SNA/SNA| TP | X | X |
| 3174-3R/-53R? | SNA | Token— | | |
l | |  Ring| X X |
| | il | ! ]
N I 1 ] B 1
| 3274—1A | SNA |Channel| M | XX
| l | | X y X |
| —21A | SNA |Channel| X | X X
| -31A | SNA |Channel| X | X
| l | | X I X |
| | | I | |
| 3274-1B! | non—-SNA  |Channel| X | X |
| -21B! | non—SNA |Channel| X | X |
| I I I | |
| 3274-1C/-51C? |non—SNA/SNA| TP | M | X X
| l ! | X | X I
| -21C |non-SNA/SNA| TP | X | X X |
| -31C/-51C? |non—-SNA/SNA| TP | X | X
| I | | X | X |
! | | | | |
| 3274-1D | non—SNA  |Channel| M | X X
| | . ] X x|
l —21D | non-SNA  |Channel| X | X X
| -31D | non-SNA  [Channel| X | X
l | I | X | x|

| ! | | il
l T 1 1 I 1
| 3274-41A | SNA |Channel| X | X
| 3274-41C/-61C* |non-SNA/SNA| TP | X | X
| 3274-41D | non-SNA  |Channel]| X I X

| | 1 | -]
s 1
| NOTES: X Normal use |
| M Minimum memory size, 128 Kb may be required |
| ! Data stream processing performed by hardware !
l 2 These models attach up to 16 terminals (others 32) |
l * Configuration support for 3174 control unit |
| “ Up to 3 Mb, in 0.5 Mb increments |
L |

Figure 2. IBM 3174/3274 Model Characteristics
Chapter 1. Introduction
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CHAPTER 2. SCOPE OF PERFORMANCE DATA

Subsystem performance, that is, the response time of a specific terminal/control
unit combination, was defined in the previous chapter as the sum of the
subsystem processing times of the inbound and outbound messages associated with
an interactive transaction. Adding the transfer and processing times in the
network and host system to subsystem response yields 'user-perceived response
time', that is, the elapsed time from pressing the ENTER key or a Program
Function key until the last character is written on the screen.

The subsystem response time for a given workstation attached to a control unit
depends on:

. The subsystem control unit type -- its hardware and microcode

® The host-to-control unit link -- channel, telecommunication link speed, SNA
or non-SNA

i Workstation type and operational mode (CUT or DF)

. The length and content of messages being processed

* The average utilization of a subsystem control unit as a result of MFI
transactions, file transfers and printer operations: commensurate with the
type(s) and number of other devices in the cluster.

Because there are so many variables affecting performance, it is necessary to

make some assumptions on which to base subsystem performance data. They are
discussed on the following pages.

Chapter 2. Scope of Performance Data 9
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IBM 3X74 SUBSYSTEM CONFIGURATIONS

The 3174 Subsystem Control Units are equipped with a faster microprocessor and
other innovations which have improved their performance with respect to 3274
control units. For single messages, the performance differences between local
subsystem control units operating in SNA and non-SNA mode respectively are minor
in comparison with other factors being addressed. Usually, only SNA performance
data has been provided unless the subsystem will operate exclusively in non-SNA
environments. For long messages and file transfers, significant performance
differences may exist.

All performance data are based on using IBM 3299 Terminal Multiplexers, or the
functional equivalent Terminal Multiplexer Adapter feature (7#3101), and a total

cable length of 150 meters (492 feet). Although there are additional
propagation delays for longer distances, they can be ignored for the purposes
of these guidelines. Because only one terminal is receiving or sending data

at any one time, sharing of the single cable attaching a terminal multiplexer
by eight ports will not introduce additional queues.

Performance-Related 3174/3274 Differences

In addition to the microprocessor, there are other performancé-related
differences between the 3174 and corresponding 3274-41 models. (See also IBM
3174 Subsystem Control Unit: Host Programming Considerations, GA23-0325.)

For SNA, the maximum inbound and outbound 3174 RU sizes are 2048 and 4096 bytes,
respectively, as opposed to 1024 and 1536 bytes for the 3274 A-models.

For non-SNA, the maximum inbound/outbound 3174 block sizes are about 15,600
bytes, as opposed to 7168 bytes for the 3274.

Using the larger RU or block sizes will often reduce overhead processing and
the exchange of messages, resulting in improved performance.

The function provided by the "Display Performance Enhance" RPQ #8K1311 for 3274
SNA control units, is part of the 3174 base function.

The 3278 Personal Computer Attachment feature is not supported in the 3174.

10 Performance Guidelines for IBM 3X74-Attached Workstations
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PERFORMANCE OF THE 3X74 HOST ATTACHMENTS

IBM 3174 Subsystem Control Units can attach to a host system through a - host
channel, telecommunications link, or IBM Token-Ring Network. The 3274 control
units attach through a channel (local), or telecommunication link (remote) only.

Performance considerations for channel and telecommunication link attachment
are addressed below. The performance of 3174 subsystems incorporating an IBM
Token-Ring Network is discussed in chapter 5.

LOCAL SUBSYSTEM CONTROL UNITS

For local 3X74 subsystems, performance is largely determined by the control unit
with its attached devices, rather than channel transfer rates (up to 1250 kbytes
per second for the 3174, less for the 3274).

Although the effect of channel rate on subsystem performance is minor, subsystem
operations can significantly affect channel utilization, and thus the total load
that can be processed by a host channel. (See Appendix C.)

RU/Block Size

For both short and long data streams, choose large rather than small RU or block
sizes for best performance. For long data streams, choose the largest RU size
that permits pacing =2 to be used. This will maximize the amount of data that
can fit in a single RU or block, and will minimize the number of RUs or blocks
needed to transfer long data streams. Minimization of the number of RUs or
blocks reduces overhead throughout all components of the system. '

Thus, for optimum SNA performance, it is recommended that you use the larger,
4 Kb outbound RU size supported by the 3174 Model 1L whenever indicated. (The
3274-41A supports a 1.5 Kb maximum.) ’

Recommendations for Long Data Streams and SNA Pacing

Long data streams, such as may be used for large screens, graphics and image
workstations, and printers, divide into many RUs. The appropriate use of SNA
pacing is important for maximizing the overlap of host and transmission time
with processing time in the subsystem.

The amount of outbound data sent per pacing response plus data remaining from

the previous transmission should not exceed the size of either the 3174 Model 1L
or DFT device buffer. The data length in the buffer is determined by:

Chapter 2. Scope of Performance Data 11
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(2N - 1) x RU size bytes

where N=pacing count, that is, the number of RUs sent by the host per pacing
response.

The use of "exception" rather than "definite" response is recommended, because
it reduces traffic through the 3X74. :

In the case of CUT devices, only the size of the 3X74 buffer is important. The
3174 Model 1L has 10 Kb of outbound buffers in 2 Kb partitions. Any overflow
of an RU from one 2 Kb partition will use a second 2 Kb partition. (The 3274
has two 3 Kb outbound buffer pool from which storage is allocated as required.)

DFT workstations have buffer sizes as shown in Figure 3.

f T 1
! DFT Device | Buffer size, Kb |

| i
I I 1
| 3290 | 7.5 |
| 3179-G | 7.5 |
| 3270-PC | 3.5 (#2507), 7.5 (#5050) |
| 3270-PC/G | 3.5 (#2507), 7.5 (#5050) |
| 3270-PC/GX | 3.5 (#2507), 7.5 (#5050) |
L | |

Figure 3. DFT Device Adapter Buffer Sizes

For long data stream applications, it is better to use a smaller RU with pacing
count >1 than a larger RU with pacing count =1. The pacing response is
generated after the first RU is processed. Therefore, with pacing count >1 the
host delay in sending the next set of RUs will be overlapped with processing
of the remaining RUs (RU) in the buffer. For DFT devices, the RU processing
uses data in the DFT buffer in the device; for CUT devices, data in the control
unit buffers are used.

Examples:

A. CUT Device: 3174 buffer = 10 Kb (five 2 Kb-partitionms)
10 Kb = (2N-1) x Max RU
Pacing Count = 2 = N
Max RU = 10 Kb/3 = 3.

3 Kb = two 2 Kb-partitions per RU
Partitions = 3 RUs x 2 =

6 (exceeds the five available)

Therefore, for Pacing Count = 2, the Max RU = 2 Kb (one partition)
Partitions used = 3 RUs x 1 = 3 (less than the five available)

B. DFT Device: DFT buffer = 7.5 K
7.5 Kb = (2N-1
Pacing Count = 2 =

b
) x Max RU
N: Max RU = 7.5 Kb/3 = 2.5 Kb

‘Note: When using DFT mode in a 3274-41A control unit,'especially with long data
streams, install RPQ #8K1311, DFT Display Perform Enhance, for achieving
optimum SNA performance. If not used, response and file transfer times will
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be longer, depgnding on the VTAM buffer (segment) size. (256 bytes, for
example, would increase response time less than 128 bytes.)

DFT Mode Pass-Through

For DFT mode devices with long data stream applications (such as graphics and
file transfer), 3174 pass through rates are significantly improved over the 3274
pass through rates, as shown in Figure 4.

For DFT mode devices with short data stream applications (such as alphamerics),
the 3174-1L share of the subsystem response time is reduced by 10-25 percent
relative to that of the 3274-41 control unit. This improvement may not always
be noticeable to the user because many DFT workstations process data more slowly
than the control unit, and are therefore responsible for the major portion of
the subsystem response time. However, control unit utilization is reduced, and
a heavier transaction rate can be supported.

The rates in Figure 4 do not include DFT device or host CPU delays. They are
relative figures of merit for the control units. .-

——

! With RPQ 8K1311, DFT Display Performance
Enhance, installed.

l T T T

| sNA | | RU | 3174-1L 3274-41A%
| |Direction | bytes | kbytes/s kbytes/s |
l i % ] J}
| | Inbound | 1.0 Kb | 28 11 |
| | Outbound | 1.5 Kb | 51 23 |
I | Outbound | 4.0 Xb |~ 69 NA |
| | | | |
1 1 i 1 .
| non—SNA | |Block |  3174-1L 3274-41D |
| |Direction | bytes | kbytes/s kbytes/s |
l } f % !
| | Inbound | 3.5 Kb | 54 27 |
| | Outbound | 3.5 Kb | 70 59 |
| I 1 1 |
| l
| |
L |

Figure 4. Pass through Rate Comparison in DFT Mode

Pass through of long data streams such as in image and graphics applications,
can interfere with the processing of data streams for CUT devices. The effects

of long DFT data streams on CUT mode performance are shown in Charts 2-1 through
2-4.

Each chart has a family of curves showing the effect of various DFT mode
transfer rates on 3X74/3278-2 response times for the A-1200 benchmark. The
curves labeled "0" show the response time versus A-1200 transaction rate without
DFT pass through. The other curves show the response time with increasing DFT
transfer rates, in RUs per minute for SNA, and in blocks per minute for non-SNA.
Curves are truncated prior to the right margin at the point where A-1200
transaction rates cause control unit utilization to exceed 65 percent.

Chapter 2. Scope of Performance Data 13
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The charts are used as follows:

1. Convert the DFT device processing rate into blocks or RUs per minute. For
graphics displays, consult the Graphics Systems Performance Guide by
A. J. Kirkland (IBM Hursley). It contains data lengths and transmission
times for a number of graphics benchmarks. Note that some graphic displays
have a separate draw time. This time should not be used since it occurs
off-line from the control unit. Use just the transmission time where there
is a separate draw time, and transmission plus draw time where they are
combined. For the 3193 image display, use the de-compression rate provided
in chapter 9 of this document.

2. There are curves for several RU and block sizes. Most applications will
use one of these. Use the curve for the RU or block size that is closest
to the RUs or blocks per minute value, or interpolate between curves.

3. Read the CUT mode response time corresponding to the total A-1200
transactions rate in the control unit.

This CUT mode response time is the mean value that can be expected during the
time that data is being sent to a DFT device.

To get the time duration during which interference will occur, divide data
stream length by the data rate. For graphics and image data lengths, consult
the sources referenced in 1. above.

The frequency with which DFT interference occurs, will depend on the number of
active DFT workstations, and their graphics or image transaction rates. Having
more than one DFT device on a control unit may result in two or more simultaneous
DFT transactions. This would increase the RU or block rate through the control
unit proportionately, and possibly result in significant variability in
CUT device response times. This should be taken into account when determining
the mix of DFT and CUT devices on a control unit.
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REMOTE SUBSYSTEM CONTROL UNITS

For remote 3X74 subsystems, the speed and type of the telecommunication link
rather than the control unit determines performance.

In both SNA and non-SNA environments, a 3X74 control unit starts the processing
or pass through of a data stream as soon as the first RU or block has been
successfully checked. Because the processing or pass through rate almost always
exceeds the arrival rate, the subsystem needs relatively little time to finish
up once the transmission is complete, usually in the order of 10 to 20
milliseconds. Thus, for a given link speed and protocol, you should not expect
significant performance differences between various remote 3X74 control unit
models.

To get an idea of the data transfer capacity of a link, first divide the bit
rate (in kbps) by 8 to obtain the equivalent of this link rate in kbytes per
second. The actual data rate that can be achieved is much less than that because
a data stream must be divided into messages, and is therefore expanded with
bytes for headers, checking, and trailing sequences, while the protocol requires
the exchange of control messages. h

To account for these factors, assume that the aggregate utilization of an SDLC
or full duplex BSC line by data bytes cannot exceed fifty percent of the link
speed; thirty percent for a half duplex BSC line. For example, a 56 kbps SCLC
line can thus be estimated to sustain an average data transfer rate of not more
than 0.50 x (56/8) = 3.5 kbytes per second.

With enough devices attached to a remote control unit, chances are that, at
times, the link will be near 100 percent utilized, causing device operations
to heavily interfere with each other, with unpredictable results. For example,
the operation of a high speed printer, continuously requiring a substantial
share of the line capacity, may be frequently interrupted by the operations of

other devices. The same holds true for file transfer operations. MFI
operations on the same remote control unit may be frequently delayed as a result
of medium or high speed printing, or file transfers. They will mnever be

inhibited altogether.

The recommendations for long data streams to local SNA subsystems, that is --
the use of the largest feasible RU size and a pacing of 2 (or more) -- holds
true for remote subsystems. This is a general rule; for a particular case it
may be worthwhile to do some fine tuning.

Long data streams to DFT workstations on remote non-SNA control units (BSC) in
an NPC environment may perform more poorly than necessary, if one does not use
the means available for releasing the telecommunications line during data stream
processing in the workstation. See Appendix D for these BSC considerations.
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SUBSYSTEM CONTROL UNIT FUNCTION, CUT AND DFT MODES

Workstations attached to a 3X74 control unit share it for performing some or
all of the following functions:

. Linking the subsystem to a host system through a channel or
telecommunication line

. Processing keystrokes entered at the workstations

. Executing outbound data stream commands and orders to expand and otherwise
prepare data for updating of a workstation's display screen

. Preparing inbound data streams for transfer to the host in response to host
commands and workstation buffer contents, for example, keyed data

. Linking displays and printers for COPY operations.

The allocation of functions, or 'function split', between subsystem control unit
and terminal device depends on the workstation type and mode of operation. In
Control Unit Terminal, or CUT mode, the control unit performs all of the above,
while in Distributed Function Terminal, or DFT mode, the workstation does all
keystroke and data stream processing. These modes exhibit different performance
characteristics.

. Control Unit Terminal, or CUT mode: The control unit performs all listed
functions, including, processing of keystrokes and data streams. Data
stream service times depend on their lenéth and content, the speed of the
processor, the microcode, and the delays incurred in accessing data items
in the buffer of the attached device. Some terminals, such as the IBM 3278,
will display the last character on the screen as soon as the control unit
has processed it. In others, such as the IBM 3180, there may be a delay,
depending on on workstation design. '

* Distributed Function Terminal, or DFT mode: The control unit only passes
data streams back and forth between host and workstation. The workstation
executes or prepares data streams and also processes keystrokes. Examples
are the IBM 3290 Information Panel, the IBM 3179 G Color Graphics Display
Station, and the 3193 Image Display Station. For a given control unit and
data stream, service time tends to be shorter than for CUT mode, and
dependent on data stream length only. The workstation service time depends
on data stream length and content, the speed of its processor, the
effectiveness of the microcode, and the amount of display screen processing.

Although pass through time for the control unit in DFT mode may be less than
for CUT mode processing time, this gain is often reversed by the processing time
in the workstation, resulting in longer subsystem response time in DFT mode.

A positive effect of DFT mode on response time is the off-loading of the control
unit by the attached device. Therefore, control unit utilization and average
queueing time build more slowly with increasing transaction load than in
CUT mode, allowing the subsystem to handle larger transaction loads (more
workstations and devices), and/or reduce queueing delays. (See Figure 5 on page
20.) , .
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Figure 5. CUT and DFT Mode Comparison

The IBM 3178, 3179, 3180, 3191, 3278, and 3279 Display Stations exemplify
CUT mode operation, while the IBM 3290 Information Panel and the IBM 3179 G
Color Graphics Display Station are examples of DFT mode operation.

Summarizing for current equipment, CUT mode will often yield the fastest
response times for lightly to moderately loaded subsystems, while in DFT mode
control unit load, and therefore response time, will tend to increase less with
increasing transaction load. For this reason, when there is a choice between
CUT and DFT mode, the selection of DFT mode is recommended.

With many DFT workstations it is possible to emulate up to four logical
terminals, and conduct a host session with each. This requires the assignment
of several terminal addresses to the control unit port to which the workstation
is attached (by customization of the control unit microcode).

The use of DFT mode in 3274 Control Units requires cohfiguration support D,
Release 64 or higher; earlier 3274 support and remote 3276 control units support
CUT mode operation only. On both the 3174 and 3274, the customization procedure
can only be executed on a CUT display station connected to port 0. When not
used for this purpose, port "0" can support a single session in DFT mode.

Multiple Terminal Operation in DFT mode

¢

The performance information on DFT workstations is based on the assumption that
they are operated without Multiple Interactive Screens. Because many DFTs can
be configured as the operational equivalent of one, two, three, or four
terminals, the transaction load generated by such a workstation may be higher
than for a single display station. This may occur during multiple interactive
screen operation with an operator initiating transactions in rapid succession
by frequently transferring the cursor from one session to another. In theory,
this may result in a queue of up to four outbound messages in the host.
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Workstations configured as two, three, or four terminals will not generate two,
three,. or four times the transaction load because there is only one keyboard
and one operator. Depending on the application and number of terminals
configured, it is suggested that a somewhat increased transaction rate, not to
exceed fifty percent, should be used for workstations configured as multiple
terminals. ' :

The same rationale can be used for host programs creating multiple partitions
on a display screen. As with the multiple terminal function, the wuse of
slightly increased transaction rates should sometimes be considered, because
interleaving of operator transactions may occur.

Programmable Workstation Operations

For some programmable workstations, such as the IBM 3270-Personal Computer AT,
the user determines whether they interact with the control unit in CUT or
DFT mode (provided the control unit has been customized for DFT mode).

Whether in CUT or DFT mode, these workstations may operate in one of three waysy
sometimes concurrently or in combination,

. As a stand-alone processor, not communicating with the IBM 3270 control
unit except for responding to polls, and, possibly, receiving unsolicited
outbound messages

* As a host-interactive terminal, emulating a 3270 display device

* As a recipient or sender of files of various lengths from or to a host (using
a file device in the workstation).

The effect of programmable workstations on control unit utilization differs

markedly, ranging from stand-alone mode with virtually no demands, to file
transfer operations with the potential of high control unit utilization.

Chapter 2. Scope of Performance Data 21
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DATA STREAM LENGTH AND CONTENT, BENCHMARKS

In addition to length, the content of a data stream affects its service time
in an IBM 3X74 subsystem because the execution time of the different commands
and orders varies. Thus, for a given subsystem, data stream processing time
is a function of the command type (and WCC content, if any), the types and number
of orders, and the number of characters being sent.

It is not practical to provide performance data on the basis of data streams
associated with specific applications for several reasons:

° The use of display stations is so widespread that it is not feasible to
define a reasonable number of 'typical' applications.

° A display station screen is often the joint creation of several programs
with different origins.

. Data streams can be written in many different ways to create the same result
on the screen.

A number of alphameric benchmark data streams have been devised to show a range
of performance for some typical combinations of screen size and function. They
consist of an identical inbound message and an outbound message to create a
1200, 1560, 2160, 4800, or 5760 character presentation on the display surface
(for 24x80, 32x80, 43x80, 90x80, and 62x160 display station buffers
respectively).

The inbound message is initiated by pressing ‘a PF or Enter key, followed by the
execution of a RM command bringing in one field of 40 characters.

The outbound message characterizes the benchmark because it tends to be longer,
may contain more complex orders, and usually takes more time to process than
the inbound message.

The specifics on the composition of these benchmarks are listed in Appendix A.
Their intended applications are:

Type A Used for characterizing the performance of monochrome (or four-color)
display stations without extended function; contains EW command, SBA
and SF orders, and characters.

Type E Used for characterizing the performance of displays with an Extended
Attribute Buffer (EAB), for example, seven-color, and/or display
stations with extended highlighting. Type E and type A benchmarks are
the same, except that all SF orders are replaced by SFE orders.

Type C Used for evaluating control unit ability to handle complex (RA and PT)
orders; WRITE command with Reset MDT specified in WCC, with half the
SBA and SF orders, and less characters than the comparable type A data
stream, but several RA and PT orders.

Type C1 Same as type C but using SFEs and SAs for about twenty-five percent
of the fields with EDS (Extended Data Stream) field and character

22 Performance Guidelines for IBM 3X74-Attached Workstations



IBM Internal Use Only

highlighting attributes added (color attributes used with the 3279
will yield same performance).

The type A and E alphameric benchmarks write on about 83 percent of the rows
available on a display station screen, and about 62 percent of the available
character positions. These benchmarks aim to represent a typical average

transaction, because applications often intersperse many partial screen updates
with full screen write operations.

The use of type C and Cl benchmarks assumes that the workstation buffer has been
previously loaded with a type A benchmark.

Benchmarks for printers and image displays are provided in chapters 6 and 9
respectively. The benchmark used for file transfer operations is discussed in
the section on file transfer in this chapter.
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PERFORMANCE-ORIENTED DATA STREAM DESIGN

There is evidence to suggest that not all data streams being used in the field
were designed with minimization of subsystem response time in mind. Many take
more time than strictly necessary, because they include redundant operations,
and/or do not use the most effective means to obtain a desired result.

For local subsystems, both the length and content of a data stream affect
service time. Minimization of data stream service time in shared 3X74-based
subsystems helps minimize their response time and control unit utilization.
Lower utilizations, in turn, help avoid subsystem response time increases that
occur as a result of message queues building up.

The benefits of most recommendations in this section will be greatest with CUT
mode performance, especially in 3274 control units. In a 3274 operating in
CUT mode, certain data stream elements initiate complex transactions over the
link that connects the microprocessor (in the control unit) with the display
buffer content (in the workstation). These transactions may contribute
significantly to response time. In the 3174, these effects are ameliorated
because the entire workstation buffer content is fetched, if necessary, before
data stream processing starts, which avoids transactions over the control
unit/workstation link during processing. DFT workstations contain both the
microprocessor and display buffer, which eliminates the need to use this
connection during data stream execution entirely.

For other relevant information, refer to the chapters entitled 'Screen Design'
and 'Screen Management' in the 3274 Control Unit Description and Programmers
Guide, GA23-0061. -

For remote subsystems, the data stream design criterion is minimization of data
stream length irrespective of content, because the transmission time over the
telecommunication link usually constitutes the dominant delay. Processing in
the subsystem overlaps the transmission interval in most cases. Because
minimization of service time and data stream length sometimes 1lead to
contradictory recommendations, the user has the option to differentiate between
data streams for local and remote subsystems, to adopt a compromise befitting
his requirements and preferences, or to use a data compression or compaction
feature, if available. 1In 3270 data streams, for example, the RA order can be
used to compress a series of identical characters. '
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