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PREFACE

This manual describes houw the effects of imposing loads on
the c¢hannels of the IBM 4331 processor can be checked. The
book is intended for physical planning engineers and systems
analysts who wish to check that a proposed configuration of
input/output (I/0) devices will woxrKkK satisfactorily in the
IBM 4331 processor.

The first section of +the book describes the types of
channels to which I/0 devices can be connected, the
theoretical data rates of the channels, and the possible
effects of imposing heavy I/O loads on those channels. The

effects considered are: data overrun, loss of device
performance, channel interference with the IBM 4331
processor, program overrun, and excessive channel
utilization.

The second section gives the procedures for testing data
overrun on individual channels, on the integrated channel
bus, and on the 1IBM 4331 processor. The section also
includes a description of how +to assign priorities +to
devices on the byte multiplexexr channel.

The third section deals with interference with the IBM 4331
processor that is caused by activities on the channels, and
describes how the interference <c¢an be assessed. Estimates
for the effects of this interference on system throughput
are given and it is shown how to check for the possibility
of program overrun.

The fourth section describes channel interference betueen
I/0 devices and how it can be calculated. The concept of
channel utilization is given. Examples in this section show
how the block multiplexing concept and the rotational
position sensing feature reduce <channel wutilization. In
addition, the impact of channel wutilization on I/0 device
access time is described together with its estimated effect
on system throughput.

The fifth section gives <recommended channel programming
conventions. Test procedures in this manual assume that
channel programs have been prepared in accordance with these
conventions.

Before using this manual, the reader should have a thorough
understanding of inputs/output operations for the IBM 4331
rrocessor as described in:

IBM 4331 processor Functional Characteristics
GAR33-1526

and

IBM 4300 Processor Principlés of Operation, for ECPS:
VSE Mode, GA22-7070.

When testing for data overrun on the byte multiplexer
channel, a special worksheet is required:

IBM 14331 Processor Channel Load Sum Worksheet; GAR33-1532
(available in pads of 50).
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GENERAL DESCRIPTYION OF THE IBM 4331 PROCESSOR CHANNELS

ATTACHMENT CAPABILITIES

Inputs/Output (I/0) devices can be <c¢onnected to the IBM 4331
processoxr on the following standard channels:

- BYTE MULTIPLEXER CHANNEL (27 UNSHARED SUBCHANNELS +4 SHARED)
- BLOCK MULTIPLEXER CHANNEL (32 UNSHARED SUBCHANNELS +8 SHARED)

The block multiplexer channel appears as selector channel to
those devices that do not block multiplex.

In addition, cexrtain I/0 devices c¢an be connected directly,
by using the following adapters instead of the usual channel
and control unit combination:

1.) DASD Adapter - for connecting the following series of
disk devices:

- 3310 (up to 4 strings, max. 4 devicess/string)
- 3370 (up to 4 strings, max. 8 devicess/string)
- 3340 (up to 2 strings, max. 8 devicess/string)

2.) MAGNETIC-TAPE Adapter - for connecting wup to 6 IBM 8809
tape drives.

3.) Communications Adapter (CA) - for connecting up to eight
Communication lines with the following rates:
BSC/SDLC: 60 - 64000 BITS/SEC
sS/8 : 75 - 1200 BITS/SEC
One 64000 BIT/SEC line is exclusive to all other lines

4.) Bus-to-Bus Adapter 1 (BBA-1) - for connecting one 5424
Multifunction card Unit

5.) Bus-to-Bus Rdapter 2 (BBA-2) - for connecting local
terminals and printers.

- IBM 3278-2R operator console
- IBM 3278-2 Keyboard/display

- IBM 3287 terminal printexr 807120 c¢ps
- IBM 3289-4 line printex 155,400 LPM
- IBM 3262-1 line printer 600 LPM

- user diskette

A maximum of 15 devices plus operator console c¢can be
attached, two of which can be line printers.

General Description 1



Although these devices are attached directly to adapters and
not to the standard I/0 channel interface, the devices
appear to- the programmer as if they were <connected to
channels as shown in Figure 1.1

| INTEGRATED ADAPTER | CHANNEL

, | I/0 ADDRESSS [
| = e | == | == |
| Bus-to-Bus | 0 | 09...1F Op Console, |
| ARdapter 1, 2 | | displays, terminal |
| ' | | printers |
[ el DL D D DD DL jmmm—————— =]
| Communication | 0 | 30...37 telecommu— |
| Adapter | | nication lines |
|=wmmr e = ——— | e e |
| Standard Channel | 0 | 24...3D,3F unshared|
| Adaptexr | | 80...BF shared bytel
| (Byte MPX) | | multiplexexr subcha. |
| e - | | e e e ||
| Standard Channel | 1 | 20...27 unshared |
| Adapter | | 80...FF shared |
| (Block MPX) | | |
== | == —— e e |
| DASD Adapter | 2 | 40...73 IBM 3310 I
| | ] Disks |
| | | 00...07 3340 Disks |
= jmmm—————— | mm e e |
IMagnetic Tape Rdapterl| 3 | 00...07 IBM 8809 |

| |

Tapes |

. - - — - - o St — " - o - e Yol - — v . — - —

Fig. 1.1 Use of channel by integrated adapters

Theoretical Data Rates of Channels

The theoretical maximum data xateé, "which can be measured
under ideal conditions, of the IBM 4331 processor channels
are: '

Byte multiplexexr channel:? 500 kildhytes/second (burst mode)
18 kilobytess/second (byte mode)

Block multiplexer ¢hannel: 500 kilobytes/second
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EFFECT OF CHANNE]L LOADING

If the channels of the IBM 4331 processor are too heavily
loaded, that is, if the processor attempts to communicate
simultaneously with too many deviqes that have high data
rates, the following effects can occur:

- Unbuffered I/O0 devices may lose data; this is called data
overrun. Data overrun occurs when a channel does not
accept or transfer data within the required time limits.
This data loss may occur if the total <channel activity
that is started by +the program exceeds the channel
capabilities. The possibility of data overxrun can be
checked as described in the section 'Tests for Channel
Data Ovexrruns'.

- Processor performance may be reduced. This occurs if
channel activities interfere with processor operations and
effectively cause the processing of processor instructions

to be slowed dowuwn. The duration of interference caused by
channel activities is given in section 'I/0 Interference
with processor'. The effect of +this I/0 interference on

system throughput is outlined in 'section 'effect of I/0
interference on system throughput'.

- Certain real-time devices may not receive service from the
program fast enough to prevent incorrect device operation;
this effect is called program overrun and is described in
section 'effect of I/0 interference program overrun'.

- Queues may devélop for tasks that require channel sexrvice,
thus leading to loss of throughput; see the section
'Channel Interference betueen I/0 Devices'.

Because of these effects, it is desirable that the loading
of a particular configuration of I/0 devices be checked,
using the procedures in this manual, during the physical
planning phase of a system installation. These procedures
will determine, in most cases, whether system operation will
be satisfactory.: Mozxe detailed = investigation may be
necessary for configurations that appear to exceed the IBM
4331 processor input/output capabilities.

The tests assume the worst-case situation that is likely to
occur in practice; that is, one in which the most demanding
devices in the configuration all make their heaviest demands
on the channels simultaneously. Such a situation may not
occur frequently, but it is the situation  that the
procedures in this manual place under test.

The tests also assume that the channel programs are written

in accordance with the rules given latexr in the section,
'"Channel Programming Conventions'. ‘
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This section deéscribes how the c¢hannels can be tested for
data overrun. The test procedure involves three basic steps.

The first step 1is a check on the data rates of the
individual I/70 devices to find out whether any exceeds the
maximum allowable data rate of the channel to which it is
connected.

The second. step consists in finding the worst <case
read-to-write ratios which in turn leads  to the maximum
allowable data rate on the integrated channel bus which
multiplexes the data traffic from all channels.

The final and most critical test for data overrun uses the
channel loading factors from the Appendix. The addition of
the applicable loading factors in priority sequence can be
_done on a "channel load sum worKk sheet"™ and the result will
show overrun hazard if the sum amounts to 100 or above.

The wvalidity of the final step depends on a numbexr of
assumptions which are explainded in the Appendix. These
assumptions inc¢lude the expectation that certain loops (e.g.
search-TIC-search, sense-TIC-sense, etc) are avoided as well
as other hazardous techniques (e.g. long chains of immediate
or no-op commands). It is especially assumed that the
channel programming conventions listed in section 'implicit
assumptions' are adhered to.

If actual system behavior is worse than implied by the
assumptions, freedom Zfrom overrun cannot be predicted with
certainty. If, on the other hand, actual system behavior is
better than implied by the assumptions, the system may still
be overrun-free even when c¢alculations indicate othexwise.
In this case, special investigation may be necessaxy.
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TEST OF INDIVIDUAL CHANNELS

Figure 2.1 shows the maximum possible data rates forxr each
individual channel attached to the processor. The individual
data rates are limited by the design of each channel, that
18, by its .internal micro c¢ode and hardware structure.
Obviously none of the maximum data zrates must ever Dbe
exceeded otherwise immediate data overrun is incurred.

The channels composed of Communications Adapter, Bus-to-Bus
Adaptexr, DASD Adapter and Magnetic Tape Adaptexr are
customized to accomodate all TI/0 device combinations within
the constraints of the IBM 4331 processor configurator
without causing data overrun. The byte multiplexer channel

and the block multiplexer channel are capable of
transferring data at a maximum rate of 500 kilobytes per sec
in burst mode. Inputs/output devices which transfer data at

a highexr rate cannot be connected to these channels.

The byte multiplexer channel, when operating in single byte
mode is capable of transferrxing data at a rate of 18
Kilobytes per second. The maximum data rates for channels
and direct attachments are shown belou:

- - ————— o ———

|Block | DASD [Byte MPX |ICA {Magnet |BBA 1,2 |

| MPX |AdaptlBursts/Bytelup to |Tape: iMFCU, ]

| | i Mode |8 linesiAdapter|Displ,..|
------------ Rl R el Bt Bl il
CS Priorxity | 1 } 2 | 3 - | 4 5 |

|

|

KB/sec 500 | 1859| 500/18

Note: The CA does not use the cycle steal facility. Only a
single line c¢an operate at 64 LKilo bits per sec = 8
Kilobytes per sec.

Figure 2.1: Channel Data Rates
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TEST OF THE INTEGRATED CHANNEL BUS

When the individual channels have been verified to cause no
data overrun among their own devices, the common interface
between these channels and the storage must be tested for
overrun. This interface is referred to in the follouwing
sections as "IC-bhus'.

The data transfer priorities on the IC-bus are as follous:
1. Bloék Multiplexer Channel (BMPX)
2. DASD Adapter
3. Byte Multiplexer Channel (MPX)
4. Magnetic Tape RAdapter |

5. Bus-To-Bus Adapter 12 (BBA 1,2) {Local Displays,
Printers, Diskettes)

If the processor is in trap level 2 4, +the BBA 1, 2 data
transfer on +the IC bus is stopped. Processor internal
priorities are referred +to in the following sections as
'"trap level'. For details of these trap level priorities see
section 'internal priorities'.

‘The maximum unidirectional data .transfer rates are 3.67
Megabytes/sec for sequential I/0 write operations, and 3.33
MBs/sec for sequential I/0 read operations. The\"¥T§ﬁiesw
include a degradation which is caused by the storage refresh
interference.

However, such maximum data rates <c¢can rarely be achieved
because the more realistic case is one where read and uwrite
operations alternate frequently. The IC timings for various
read/write sequences are shown in figure 2.2. Based on these
times, the maximum aggregate IC-data rates are computed as a
function of the worst case read-to-write ratio that can bhe
expected. The c¢uxrves shown in figure 2.3 apply to the
critical case where the processor operates in a trap level
higher than 1level 4, in which <c¢ase the processor .gets
contrxol for an average of 0.9 usec each +time the IC-bus
traffic changes from read to write.
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_ NEW START AFTER

*:‘ .9 psec MIN
WR RD
.9 .9
WR — WRITE I/0

RD — READ I/O

RD WR WR RD
1.6 1.0 1.8 1.3
| —
\ ) Y \
WR WR [—*] RD .| RD RD
1.4 1.6 j= 1.8 1.4 1.2
L AL} |
1
RD
»1 1.1
TIMES IN pSEC | ]

Figure 2.2:: IC Bus Timings, PU Trap levels 4

For Traplevel >4 the sequence starts new after every change
in diretion of data transifer.
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3.4

3.3 -

3.2 4
RD/wRr + 2.24

3.1 4 Rm % 3.67 o 1} 1 SRD S 7
RD/wRr + 5.52

3.0 —
2.9 -
2.8
2.7
~ MAX IC RATE | TRAPLEVEL > 4 //
2.6 MB / SEC —] /
2.5 IR 7
2.4
2.3 //
2.2 ,/
2.1 ,/
2.0 /
//
1.9
1.92- /
1
1 2 3 4 5 6 7
RD
/WR
RATIO

Figure 2.3: Maximum IC Bus Rates
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The general method for assessing IC-bus overrun is to use
figure 2.3 in the following way:

1. List the maximum data rates Ri, i=1...4 that can occur on
BMPX, DASD Adapter, Magnetic Tape Adapter, and on MPX due
to burst que devices.

2. Divide the rates Ri into two c¢lasses and form the sum of
the rates within each class with the intent to make the
ratio between the sums in both classes as c¢close to 1 as
possible, but without becoming smaller than 1.

3. The ratio obtained in the preceding step represents the
worst case read-to-write ratio that can be expected with
the given configuration: Use this ratio to enter figure
2.3 on the abscissa (X-axis), then get the maximum
allowable IC-bus data rate from the ordinate (y-axis).

4. If the IC-bus data rate found is smaller than the sum of
all »rates Ri, then the planned configuration has a
potential overrun hazard due to IC-bus interference.

‘A simpler, more straight-forward method can he used when one
adaptexr has a data rate which is larger than the data rates
summed up from all remaining adapters. This situation is
quite often encountered, especially with high speed disk
storage devices such as IBM 3310 and IBM 3370. Figure 2.4
shows the maximum allowable data rates that remain available

on each adapter when high speed disk storage devices are

connected.

Type of Disk | If: data rate on | Then: Max allowablel
on DASD adapt! DASD adapter | data rates on all |
| other adapters is: |

————————————— R P

3370 | 1859 (KBssec) | 500 (KBs/sec) |
3310 ] 1031 " | 850 " |
3340 | 885 " | 960 " |

Figure 2.4: Maximum allowable data zrates for unbuffered
' burst mode devices on all channels, and buffered
devices on block multiplexer channel and byte
multiplexexr channel, if the Magnetic Tape
Adapter has tapes attached.

Data Overruns 9
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For other 'pxedetermined‘ rates Rp the maximum
allowable'remaining' xate Rxr can be found by solving the
following non- llnear equatlon-

Rp+Rx=Rm(Rx)

where Rm is the maximum allowable data rate given in figurxe
2.3 as a function of the read-to-write ratio (RD/WR).

The solution to the equation Can be found by varying Rr
until Rm (RD/WR)=Rm (Rp/Rr) is equal to Rp+Rr. :

By approximating 3m with a simple first order fractional
polynomial it .was p0551b1e to solve above equation in closed
form. The result is- shoun in Figure 2. 5, giving Rr as a
function of Rp. s :

The_maximum allouable data rates in Figure 2.4 apply to the
case where the procesor operates at a trap- level higher than
4, which means heavy cycle steal data transfer and™chaining
activity. The. rates clearly show that an 3370 DASD operating
together with a 3420-4 magnetic tape unit (data rate 470
KB/sec) will not allow any additional burst mode data
transfer from eithéx'a direct attached IBM 8809 tape or tape
units attached to the byte multiplexer channel.
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Figure 2.5:

PREDETERMINED
CHANNEL RATE —&
" MB/SEC

Predetermined Rates

Remaining Possible Channel Rates

2.5 REMAINING POSSIBLE
CHANNEL RATE MB/ SEC
2 4
1.5 +
1 -
.504
R R e e
EXAMPLE : |
IBM 3370 DASD |
1.86
0 : : : - —
.5 1 1.5 2 2.5

Versus Given,
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TEST FOR PROCESSOR OVERRU

When the individual channels and the integrated channel have
been checked, the processor must be tested for overrxun
because it 1is the central zresouxce for all channel
processing activities.

In the processor service is required for address and count
updating after every fullword (4-byte) burst transfer. The
processor is also needed for byte mode data transfer (hyte
multiplexexr and communication adapterx). Besides these
sexrvice functions in the actual data transfer, the processor
is employed in the initiation (Starxrt Is/0), termination
{interrupt handling) and continuation (command orxr data
chaining) processes on all channels.

To find the most critical device, that is, the device that
will experience overrun if not serviced within a given time,
it is necessary to look at the internal priority structure
of the processor first, and to assign the correct
selection priorities to the MPX-attached devices next. In
addition, the general methods to calculate overrun based on
previous load, priority load, and device load must bhe
understood. The overrun calculation may then be carried out
on a load sum worKsheet.

INTERNAL PRIORITIES

The following internal priorities are implemented in the
processor, as listed in descending oxrder:

Trap Level

0. Cycle steal burst mode data transfer none

1. Control store load, Microinstruction buffer none
load

2. DASDs/Tape Adapter fast response operations 8

(data chaining)

3. Communications adapter transfer 7(%)

4. Block multiplexer (not 231x operations) 6

5. Byte multiplexer 5

6. Diskstape adapters (normal response) 4

7. Bus—-to-bus adapters (local displays., etc) 3 ,

8. Page boundary crossing 2

9, PU trap handling 1

10. Instruction processing 0

*) Note: During the time thée 231X channel program is in
operation, the priority levels of the communication
adapter and the block multiplexer channel are
intexrchanged.

Cycle steal operations are hardware controlled, hence, do
not employ the PU trapping mechanism but they intexcept the
micro code (with highest priority).

The cycle steal priorities between the individual channels
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are given in figure 2.1. Cycle steal operations are here
assumed to cause no overruns but they do present a priority
load to all channel operations which have a lower priority.

Control stoxe buffer loads or micro code buffer loads which
are microcode controlled always take less than 5 usec, and
therefore do represent previous loads. (Appendix B)

DASD/Tape Adapter fast response operations have the highest
‘trap-priority but require only 8 micro seconds processor
time, hence are not likely +to cause overrun. The operations
associated with 231x disk devices are normally conducted on
trap level 6 except for command chaining or data chaining.
For 231x chaining activities the trap 1levels are swapped
between communication adapter and 231x so that the 231x
temporarily gets level 7 and the communication adapter gets
level 6 assigned. In addition, all burst mode data transfex
from other channels is stopped in favor of 231x chaining on
the block multiplexer. Obviously, this preference treatment
avoids overruns on the 231x but may cause them on devices
attached to the Magnetic Tape Adapter oz the bhyte
multiplexer channel. The effects of this procedure ' are
separately explained in section '231X on MPX overrun
considerations'.

Channel sexvices which run on trap levels lower than 5 do
not cause overrxun and are, therefore, excluded from furtherxr
discussion. However, delays in DisKks/Tape Adapter-services on
trap level U4 can cause additional disk retries aftexr the
channel reconnection point if the "disk zready" signal is
missed. This non-linear effect on device performance will be
discussed in chapter 'channel interference between I/O0
devices'.

Delays in channel services rendered at trap 1level 3 (local
displays, terminal printers, MFCU) will cause a linear
performance degradation, that is, only a gradual slow-doun
during heavy channel activity is experienced.

Each trap level is allowed to disable higher trap priorities
for a duration up to 5 wusec. This time represents a cerxrtain
previous load which is included in the previous loads of the
Appendixes.

PRIORITIES ON BYTE MULTIPLEXER CHANNEL

The priority of devices on a byte-multiplexer channel is
determined at +the time of installation by the sequence in
which they are connected %o the channel. The c¢abling
facilities provide considerable flexibility in the physical
location and logical position of I/0 devices.

Devices may have the priority sequence in which they are
physically attached to the cable (select-out line priority),
or the device most remote from the channel may be connected
to have highest priority and the device nearest the channel
connected to have louwest priority (select—-in priority).

Data Overruns 13



Each device on the byte-multiplexer channel <c¢able may be
connected (for selection) either to the select-out line, or
to the select-in 1line. Thus, one or the other of the lines
is specified in establishing priority for a desired physical
layout of devices.

Priority assignments and machine-room layout should be
established duxring the physical planning phase of an
installation so that c¢ables for the I/70 devices may bhe
properly specified.

A major consideration in assigning priority to multiplex
mode devices is their susceptibility to overrun. Devices are
identified in this manual as being in one of three classes:

Class 1: Devices subject to overxrrun, such as the IBM 2501
Card Reader.

Class 2: Devices that zrequire channel service to bhe in
synchronization with their mechanical operations. For
example, the IBM 2540 Card Read Punch has a fixed mechanical
cycle. Delay in channel serxrvice for such devices usually
occasions additional delay due to synchronization lag.

Class 3: Devices that do not require synchronized channel
service, such as an  IBM 2260 Display Station with a 2248
Display Control. An IBM 1443 Printexr is anothexr device that
does not require synchronized channel service: it can begin
printing as soon as its buffer is full and line spacing is
completed. Any loss of performance by devices in this class
is limited to that caused by channel delay in providing
service.

Devices in - the first class need the highest prioxity. The
devices in the last two classes may operate with reduced
rerformance on an overloaded channel but are not subject to
overxrun: their control units have data buffers oxr an ability
to wait for channel service. Devices in the second class,
however, should have highexr priority than those in the thixd
class.

Within each class, devices are assigned decreasing priority
in the orxder of their increasing wait-time factors: smaller
wait—-time factors should have higher priority. Wait time
factors are listed in the Appendix and explained in section
'method of ovexrrun calculations'.

The control unit determines whether a device operates on the

byte-multiplexer channel in burst mode ox in byte mode. If
unbuffered byte mode devices are connected to the
byte-multiplexer channel, all burst mode devices should be
connected to the block-multiplexer channel. If no

overxrunable, unbuffered byte-mode devices are c¢onnected to
the byte-multiplexer channel, burst mode devices may also be
connected to the byte-multiplexer channel.

When burst mode devices are attached to the byte-multiplexer

channel, they should have louwexr priority +than buffered
byte-mode devices. Low—-priority devices take longexr to
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respond to selection than do higher-priority devices: a
burst-mode device need be selected only once for an
operation, but a 'byte-mode device must be selected for the
transfer of each byte, oxr a short burst, of data.

Some devices, such as the IBM 2821 Control Unit, may operxrate
on a byte-multiplexer channel in either burst mode ox in
byte mode, as determined by the setting of a manual switch
on the control unit's customer engineer panel. Because of
the high interference such devices cause in bhyte mode on
lower priority channels, these devices should always be
operated in burst mode instead of byte mode.

A byte-multiplexer channel can transfer data most rapidly in
burst mode. Where an application uses only c¢lass 2 or 3
devices, that have the mode choice, improved
byte-multiplexer—-channel efficiency may be obtained by
operating the devices in burst mode. Similarly, if a device
can operate in single byte mode ox in multibyte mode, the
multibyte mode should be used for increased data transfer
efficieny. Since the IBM 4331 processor can transfexr 4 bytes
with one memory access, the four byte mode should be choosen
whenever available with the device.

Appendix B specifies whether a device operates in burst mode
or in byte mode.

The Appendix B gives the wait times for devices that can be
connected to the byte multiplexer channel and are liable to
data overrun. The following device examples are class-2 or
class—-3 devices and no information is given in the Appendix
because these devices do not overrun:

IBM 1017 Paper Tape Reader
IBM 1018 Paper Tape Punch
IBM 1403 Printex

IBM 1443 Printer

IBM 2150 Console

IBM 2250 Display Unit

IBM 2260 Display Station
IBM 2265 Display Station
IBM 2495 Tape Cartridge Reader
IBM 2540 Card Read Punch
IBM 2671 Paper Tape Readex
IBM 2715 Transmission Control Unit
IBM 3203 Printer

IBM 3211 Printer

IBM 3277 Display Station
IBM 3278-2 Keyboard Displays
IBM 3284 Printexr

IBM 3286 Printex

IBM 3287 Terxrminal Printex
IBM 3288 Printerx

IBM 3289 Line Printer

IBM 3505 Card Reader

IBM 3525 Caxd Punch

IBM 3800 Printer

IBM 3881 MarK Reader

IBM 3886 Char. Reader

IBM 3890 Doc¢. Processor
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Special Cases

Integrated 5424 MFCU attachment and diskette I/0 drive are
both considered c¢lass 3 devices which have the lowest
priority on the byte multiplexexr channel.

Devices Having Class—1 and Class—-2 Components:

Class—-1 devices that have an inseparable c¢lass-2 component
should be assigned a priority according to the class-1 wait
time. For example, the IBM 1442 Card Read Punch Model 1
incorporates a class-1 reading component and a class-2
punching component. The priority that is assigned to the
1442 Card Read Punch should be in the sequence of the wait
time for the reading (class—-1) component.

Burst Mode Devices:

The maximum data rate of -the byte multiplexer channel for
burst mode operations is reduced to 67 Kilobytes/second if
data chaining between every 4 bytes is wused. Indirect data
addressing (370 mode) will further <reduce this rate to 52
KB.

Burst mode operation on the byte multiplexer channel is not
recommended for concurrent operation with unbuffered byte
mode devices, because a burst mode device monopolizes the
channel for the duration of an entire operation, a period of
time which is long zrelative to the wait times of typical
byte mode devices. Therefore, any c¢lass-1 device that has
not finished transferxing all the bytes of a byte mode
operation when the burst mode operation begins, is very
likely to overrun. Similarly, <c¢lass-2 or c¢lass—-3 devices:
are likely to lose performance.

Example Priority Sequence:

Figure 2.6 shows an example pridrity sequence of devices and
the arrxangement of 'select out' and 'select in' lines to
achieve these priorities.
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Device Classes and Priority Positions

Device Class Wait time P"?’fty
(ms) position
1419 Magnetic Character Reader,
with expanded capability feature
High-priority interface position 1 0.65 1
Low-priority interface position - = 2
2520 Card Read Punch Model B1, ] 102 3
reading EBCDIC ’
2701 Data Adapter Unit 1 7.70* 4
1442 Qard Read Punch Model N1, ) 11.00 5
punching EBCDIC v
1443 Printer 3 - 6

* Effective wait time for a 2701 serving three lines with wait
times of (for example) 63.20 ms, 14.20 ms, and 7.70 ms;

‘Select Out’ and ‘Select In’ Lines Connected for Correct Priority Sequence

1443 1442 Model N1 2701 2520 Model B1 1419 (with expanded
(Class 3) WT =11.00 ms WT =770 ms* WT =1.02ms capability feature)
WT = 0.65 ms
| igh-priorit
‘Select out’ o A | Hig Pr|0r| y
- ) - ” > - - selection
loqi
Byte- ogic
multiplexer
channel
inter face
. . . ‘
Selectin’ | | Selection - Selection - Selection || setection ‘ Low Pnon y
- loaic logic *1 logic - logic - selection
’ 9 logic

Figure 2.6: Example Priority Sequence of Devices on the Byte
Multiplexexr Channel, and 'Select In' and 'Select Out' Line
Connections
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METHOD OF OVERRUN CALCULATION

Wait Time and Interference

Each I/0 device has a wait time (WT). The wait +time is the
maximum period that the device <c¢an wait for completion of
channel service before data overrun occurs (that is, the
device loses data) oxr before its performance is impaired. In
this manual, a device that-is waiting for the completion of
channel service is called a waiting device and any activity
that causes a device to wait for channel sexvice is called
interference.

The following three types of interference can cause a device
to wait for completion of channel service=

Previous load
Priority load
Device load

If the combined effect of these three types of intexference
causes the completion of c¢hannel service for a waiting
device to be delayed beyond its wait time, the device may
lose data (data ovexrun) or may suffer loss of performance
as shown in Figure 2.7. The procedure for testing data
overrun (given later in this section) assumes the worst
case, namely that all these factors cause interference with

the waiting device.
-

Previous-Load

Priority-Load Interferences Device-Load Interference
Interference

[ -

N SN
v Vv

Device requests
channel service

Channel completes
channel service

Channel service — if not completed untit after

the waiting device's wait time has elapsed (as
shown) — causes:

1. Class 1 waiting device to lose data.

2. Class 2 or 3 waiting device to lose performance

Figure 2.7 Three Kinds of Interference Can Cause Channel
Service to be Delayed Beyond a Waiting Device's Wait Time
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Previous Load

A device on a channel may be forced +to wait for channel

sexrvice 1if another device with lower priority is in
operation at the moment when the waiting device requests
channel service. The lower-priority device must be allowed

to finish its operation before. channel service can be given
to the waiting device. Interference of this type is c¢alled a
previous load and is assumed to last foxr at most 0.10
millisecond (ms) (command chaining). The Appendixes to this
manual contain tables of channel evaluation factors in which
the previous load factor for each waiting device 1is
expressed as a percentage of the wait time for that device.

Prioxrity Load

The IBM 4331 processor services all attached devices in
order of their priority. A waiting device on the byte
multiplexer channel may for instance bhe forced to wait for
channel service while channel service is being given to
devices on the block multiplexer channel, and
higher-priority devices on the byte multiplexer channel. In
this manual, a higher-priority device that can cause a
waiting device to wait for channel service is called
prioxity device. The interference from a priority device is
called a prioxrity load.

Because of the way in which data overrun is tested, the
prioxrity load of each priority device is expressed as a

rexcentage of the waiting device's wait time. Therefore, a
prigxity device does not necessarily have the same
pridrity-load factor for all waiting devices. In . the

¢alculation of priority load, the interference is considered
;o have two distinct components: the A factor and the B
factor. :

A-FACTOR INTERFERENCE:

A-factor interference is caused by channel microcode
activity, such as command chaining, for the priority device.
The duration of this type of interference is significant
compared with typical wait times. .Therefore the priority
load, being expressed as a percentage of wait time, depends
on the wait time of the waiting device. For example, if a
waiting device's wait time is 0.20 millisecond and the
microcode activity associated with the priority, device lasts
for 0.10 millisecond, then the priority load is 50 perxcent,.
(In the channel evaluation factor tables, the A factors are

expressed in milliseconds multiplied by 100. In the
foregoing example, the A factor associated with a
microprogram activitiy lasting 0.10 milliseconds is
thexrefore 0.10 x 100 = 10.00.) Figure 2.8 shows how

A-factor interference varies with the wait time of the
waiting device.
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Duration* of a block of
| channel microprogram activity

100% {such as command chaining)
80% —
60% - Privrity load curve of a priority
device whose A factor is 10.00*
Interference {with B factor - 0.00)
40%
20% - w—
| [ | L }
0 0.10 0.20 0.30 0.40 0.50

Wait Time (Milliseconds)

* The A factor given in the channel evaluation factor tables (in the appendixes)
is the duration of interference in milliseconds multiplied by 100. If the
duration of interference is 0.10 millisecond (as shown in the illustration), the
A factor is 0.10 X 100 = 10.00. Thus, for a waiting device having a wait time
of 0.2 millisecond, the interference is obtained directly as a percentage thus:

A factor ~10.00
Wait time 02

50%

Figure 2.8: Example of Priority Device Causing Interference
by Command Chaining (A-factor Interference)
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The duration of each data transfer to or from the
priority device is small compared with typical wait times.
The averaqe percentage interference is the B factor.

100% F r 2 = F -
80%f

60%
Interference

40%

Priority toad curve of a
priority device whose
20% B factor is 10.00 (with
. A factor = 0.00)
10% J

1 i 1 J

0 0.01 0.02 0.03 0.04
Wait Time (Milliseconds)

Figure 2.9: Example of Priority Load Curve of a Priority
Device Causing Interference by Transferring Data (B-factor
Interference)

B-FACTOR INTERFERENCE:

B-factoxr interference is typically caused by data transfers
to and from the priority device. As shown by the example in
Figure 2.9, the duration of each data transfer is short
compared with typical wait times; the data transfers occur
frequently enough, houwever, to have a total effect that can
be expressed as a percentage interference, namely, the B
factor, that is congtant for all wait times.

A AND B FACTORS COMBINED:

In actual I/0 opexations, the pattern of interference tends
to be more complex than has been suggested by the example
prioxity load curves in Figures 2.7 and 2.8. Usually, the A
and B factoxrs are both nonzero and the total priority load
of a priority device is given by:

Priority load = (A/WAIT TIME)+B %
where the wait time is that of the waiting device.
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MULTIPLE A AND B FACTORS:

Some devices have only one set of A and B factoxs bhut others
have more than one set; see the tables in the Appendixes. In
these tables (as shouwn in Figure 2.10) the A and B factors
have priority time factors associated with them that show
the ranges of wait times (of waiting devices) for which the
A and B factors are wvalid. Figure 2.10 also shows how to
choose the appropriate A and B factors according to the wait
time of a waiting device. The selection principle is the
following: pick the time (in the Time-column) closest to but
smallexr than the wait time of the waiting device, then use
the associated A and B factors. In other words, the wait
time of the waiting device must fit between the time factors

of the priority device.

0.325] 5.65

15.001 0.325 ms to 25.00 ms

Priority device These priority
time factors......... indicate that the
corresponding A
and B factors are
---------------------------------------------- valid for these
| | Priority load | wait-time ranges
I Input/output device | e ]
| | Time | A | B |
| = [m=— e |
2501 Card Read Model B2 | | |
Read EBCDIC ] 0.325 ms
|
|

I

0.100/10.53 | 0.00] 0.100 ms to
I
I

25.00 | 140

—— - " rn T Y - - - o o T — - - - S = T —— v —

Example 1

When considexring the priority load which a 2501

9.571 25.0 ms and longer

Card

Readexr Model B2, (that is reading EBCDIC) imposes upon a
waiting device that has a wait time of 10 ms, use the

following priority load factors:

A=5.65 and B=15.0 (because 10 ms is in the range
ms to 25 nms)

Example 2

.325

Similarly, for a waiting device that has a wait time of

.3 ms, use the following priority load factors:

A=10.53 and B=0.00 (hecause .3 ms is in the range .100
ms to .325 nms
Figure 2.10: Examples Showing How to Choose Priority Load

Factors
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Device Load

When channel service to priority devices has finished (see
Figure 2.6), channel service to the waiting device then
starts and continues until the data byte has Dbeen
transferred to or from the waiting device. The delay caused
by providing this channel service to the waiting device is
called the device load and is expressed in the c¢hannel
evaluation factox tables as a percentage of the device's ouwn
wait time.

DATA OVERRUN TEST PROCEDURE

The test for data overrun involves the calculation of a load
sum for each waiting device. These calculations are given as
a step-by-step procedure in Figure 2.11.

Before starting the step-by-step procedure:

1. Obtain IBM 4331 processor Channel Load Sum WKorksheet
GA33-1532.

2. Check that the configuration of burst mode devices has
been decided and tested for data overrun; see '"Test of
Integrated Channel Bus' in this section.

3. Check that the devices to be <connected to the byte
multiplexer channel have been assigned their priorities
as described under 'Priorities on Byte Multiplexer
Channel' in this section.

Calculate the load sums as shoun in Figure 2.11. Steps (1)
thrxrough(5) of +the procedure consist of copying on to the
load sum worksheet all data that are required foxr the data
overrun calculations. Steps (6) through (9) yield +the load
sum for each <c¢lass-1 device. From the load sunm, the
possibility of data overrun can he assessed.

Figures 2.12 and 2.13 give examples of obtaining load sums.

For each uwaiting device to operate satisfactorily (that is,
without data ovexrxrun), its load sum must bhe less than 100.
If, however, any of the load sums is greater than 100, the
reader is advised either to try an alternative configuration
or to «consult his local IBM representative for a more
detailed analysis.
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CAUTION

It is particularly important that the 1load sum for the
communications adapter does not exceed 100 because, if data
overrun occurs on output from CA, special programming
support is needed for recovery.

The foregoing procedure for testing data overrun assumes
that:

1. Each waiting device makes its request for channel service
at the worst possible +time, that is, when all the
priority devices combine to cause maximum interference
during the waiting device's wait time. However, the
greater the number of priority devices that contribute to
the load sum for a particular waiting device, +the less
likelihood thexe is of all worst-case conditions
occurring simultaneously.

2. Devices all work at their maximum possible data zafes, or
at their tolerance limits, whichever is the worst case.

3. Data field lengths and command sequences cause the worst
interference that can be reasonably expected in practice.

4. Channel programming conventions have been followed; see
the section 'Channel Programming Conventions'.
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System tdentification

Date . . . . . 1 P 3
Device No. . .. ... Device NO. g . - - -« Device No. . Devi
Name . @ Name....@ ..... Name . . .. P Nam
Wait Wait Wait Wai
Priority Load Time . . . L Time Time . . . . Timi
Priority Devices Time A A 8 A A
Biock MPX Channel
—— — —

8
— —

Device No . . ........ 0 @—w

Name ... ..o 0dd d
DASD Adapter m——
Device NO ... .. ..... @,__.

Name ..............% .
Byte MPX Channel — — m

DeviceNo . ......... 0 \ 5 ]

Magnetic Tape Adapter
DeviceNo ......... o . —
—

ﬁ (A Sum) { @
1
N/ A Sum ~ —

Wait Time = . . . . ..

<

Device
T‘ Load = )
2 3) oa
=

Previous A Sum +
Load* = - .| Wait Time =

| |
88 0 |©ee e
I

SICNKS
BB o 0 0eee ©°

LOAD Device .
5 Sumt = Load = =, R }
Previous A Sum ~+
Load* =<3> . Wai:‘Tm\e =
LOAD . Device
Devices at Prority 4 sumt = . .| Load = (A
Positions - Previous A Sui
Load* = Wait
LOAD Devi
sumMt = Load]
5
Pre
Loavtj
104
SUI
| P — "
N ——
Figure 2.11: Procedure for Calculating Load Sums
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Procedu:e for Calculatihg Load Sunms, Using the Load Sum
Worksheet of Figure 2.11:

(1) At the top of the 'Waiting Devices' columns numbered 1,
2, 3, and so on, enter the device model numbers of the
I70 devices in- the priority sequence previously
established (according to traplevel priorxities and
priorities on byte multiplexex bus.)

Notes:

a.) Treat each communication line that is éonneéted to a
2701 Data Adapter Unit &as an individual waiting
device; see Appendix D.

b.) Class-2 or class—-3 devices can be delayed in certain
worst-case conditions, but ¢an never overrun, and
therefore need not be entered on the worksheet.

¢.) Each burst mode device that is attached +to a block
multiplexer channel should also be entered as a
waiting -device, to assure  proper consideration of
its priority load on othexr devices.

(2) For the waiting device enterxed in column 1, obtain the
following values from the appendixes (rear of this

manual):

a. Wait time 1 Copy these values into the
Device load |-> appropriate boxes of the vertical
Previous load | c¢olumn for the waiting device being

4 considered, as shown by 2a in Fig. 2.11.
For burst mode devices attached to a block-MPX channel
this step can be omitted since data overrxrun due to
traplevel interference cannot occur.
b. Priority-load values:

Time Copy these values into the boxes

A of the device position 1 (row
B number 1) on the byte multiplexer

I
v

chanhel, as shown by (2b) in

"Fig. 2.11. Where two or three lines
of priority-load figures are given
for a device, copy all of them on the
worksheet.

e |

(3) Repeat step (2) forieach of the <remaining waiting
devices entered at step (1).

(4) Into the first four positions of the leftmost 'Priority
Device' Column enter the model number of each burst mode
device having the highest nominal data rate (see
Appendix A and B) on

the Block Multiplex Channel
the DASD Adapter

Byte Multiplex Channel

the Magnetic Tape Adapterx

QU
~ e
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If no device 1is connected to one of the channels a...d
draw a line across the entire row on the worksheet.

(5) Into the third "prioxrity load' column, the 'B' column,
enter the B-factoxr associated with the data transfer of
the device entered in step (4). The B-factor for the
data transfer is obtained by multiplying the nominal
data rate of the priorxrity device in Kbhs/sec (See Appendix
A and B) by .023.

All the information needed is now on the worksheet, and
steps (6) through (9) <can be performed without further
referxrence to the tables of channel evaluation factors.

(6) Into the B columns, numbered (6), of the first four rous
copy the appropriate B-factors from left to 1right, up
to, but not including the burst mode device (see (1.),
note C) causing this data transfer interference. Through
the B-column of the waiting device and all columns to
the right of the waiting burxrst mode device, draw a line
accross the remaining part of the rowu.

(7) Into the 'A' and 'B' columns, numbered (7), <copy the
appropriate priority-load A and B <factors <from the
column numbered (2b). Where more than one set of A and B
factors are given for one priority device, copy only the
set that is appropriate for the wait time of the waiting
device being considered. The way to choose the
'appropriate' set of A and B factors for any priority
device is shown in Figurxe 2.10,

(8) For the next waiting device (in column 3) copy the
appropriate priority-load A and B factors from the
c¢olumn, numbered (3), similarly as described in (7).
Note that these factors can be different from column to

- column because the wait time of a waiting device may
fall into a different time range.

Repeat step (8) for each waiting device up to, but not
including the last one having +the lowest priority. Forx
example, when <copying A and B factors for the device at
position 5, include the appropriate A and B factors for the
highex priority devices in rows 1, 2, 3 and 4,

(9) Calculate load sums., In the vertical c¢olumn for each
waiting device being considered, proceed thus:

a. Add the values in the 'A' column and enter the result
as the R Sum.

b. Add the values in the 'B' column and enter the result
as the B Sum.

¢. Divide the A Sum by the wait time for the waiting
device Dbeing evaluated. Enter the gquotient in the
space provided.

d. Find the LOAD SUM by adding together the following
four values: +the B Sum, the quotient found in step
9¢; the device load and the previous load.
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231X ON BMPX OVERRUN CONSIDERATIONS

The block multiplexer channel has been designed to give
reasonable performance for a relatively 1low price. To
achieve this, compromises had to be made with respect to
channel rates and channel c¢haining capabilities. To achieve
the required fast channel turn around times for 231x command
chaining and data c¢haining the following strategy uwas
applied: :

As long as 231x chaining is active:

1. The BMPX +trap level processing oc¢curs at a priority
level one above the communications adapter (instead of
one below) and

2. All burst mode data transfers on MPX, DASD Adapter or
Magnetic Tape Adapter are stopped.

Note: Data chaining in between the individual bytes of a
contiguous 231x field is nevertheless not possible. Data
chaining can however be conducted successfully in the field
separator gaps, such as the gap between count field and Key
field or betuween key field and data field. Attempts to chain
data within a field cause overrun.

Strategy (1) will somewhat favour 231x chaining operations
with respect to CA data transfer, without necessarily
causing CA data overruns. Houwever, Strategy (2), will have
an ever present impact on all burst mode transfers with
unbuffered devices. For this reason it is not recommended to
use unbuffered burst mode devices on the MPX, or opexate IBM
8809 tapes or 33xx disks together with 231x disk devices.

The impact of strategy (2) on the new disk devices 3310 and
3370 is not as «c¢ritical because bhoth have hardware retry
facilities built in. Instead of having to go through lengthy
software recovery procedures, the disk goes only through one
additional 1rotation before +the total data transfer is
repeated.

The frequency with which these retries occur depends upon
how often 231x chaining coincides with data transfers on the
DASD adapter. This frequency will increase with:

- increasing 231x access rate

- decreasing 231x data field length

- increasing disK access rate

- increasing number of bytes transferred pex disk access
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I/0 INTERFERENCE WITH PROCESSOR

Interference of I/0 traffic with instruction processing is
caused by the fact that the processor is employed for most

channel operations, such as initiation and termination of
burst mode data transfers, handling of MPX and CA byte mode
data trasfers, and for the address and count update of every
4 bytes of data transferred via the integrated channel. 1In
addition, I/70 traffic is causing CPU interference due to
contention at the main storage.

The I/0:- Interference with the processor is very much
application and configuration dependent and has to be
calculated on a per workload basis.

This section describes how to calculate the amount of this
interference. The procedure involves:

1. Selection of the individual processor times pertaining to
the operation of the channel.

2. Finding the frequencies with which the different channel
opexrations occur during a specified interval of time.

3. Multiplying timings with frequencies and summarizing
overall time-frequency products.

The next step shows what effects the I/0 interference can
have on the systems behavior. In particular it will be shoun
how to assess the possible occurence of program overuns, and
how to estimate the effect of decreased CPU power on system
throughput.

CHANNEY, INTERFERENCE TIMINGS

The figures given in figure 3.1 are average figures for
commonly attached devices.
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| Average CPU Interferxrence time in Miaxo Sec caused |
| by channel service to: |

Channel activity | BBA -1,2 | CA | MPX | BMPX |
| t | | |

Rttt e ittty | e e e i R it b L |=—mm |
|Data transfers in byte mode | - | 27.5 | 60 x | -
I | | | | !
|Data transfers in multibyte mode 1225 for each! - 160*for 1.BYTEI -
| |burst of | 1+10 for each |
| [1...256 Bytel ladd. Byte | |
| | 1 | [ |
|Data transfers in burst mode /4BYTE | .92 | - | .92 | 92
i | | | | |
j=m e e e e | = | === | =—m e e |
|Execution of one command-chained CCW| 235 | 86 | 92 xx | 92 xx |
| ! | ] | |
|Additional load for: | | | | |
l1.PCI ] 85 | 10 | 30 | 30
1 | | | | |
|2.Command chained after separate 1 110 | - | 33 | 33
| channel-end and device-end signals]| | | I |
I | | | | |
|Execution of one data-chained CCW | 125 | 22 | 58 | 58
I | | | [ |
|Execution of 'transfer in channel' | 25 | 10 | 10 [ 10
| command | | | | |
R i ittt e el |~ === | === —————— Bl i bl l
|Cxeation of an interruption-pending | | | | |
lcondition: | | | | |
| 1 | | | |
7. Channel end (yith oxr without | 235 | 40 | 79 | 79
| device end) | | | | 1
| I ! I | |
12. Device end alone I 140 | - [ 45 | 45
| e e e | =-mmmmm e e | == | mmm e | =~ |
IClearing interxuption-pending con- | 210 | 210 I 210 | 210
ldition (by exchanging PSWs and | | | | i
|storing CSW) XXk I | | | |
| | | 1 | |
| Start I/0 handling ! | 200 | 150 | 150 | 150
R e it tll et | = m e | e e o o | = e |
|Fetching new IDA for page-cross | 4o | 12 | 17 | 17

¥ The MPX byte transfer time can vary from 55 usec, for fast control units, to 81 usec,
for slow control units.

*¥* This command chaining time can vary from 90 usec, for fast control units, to 103 usec,
for slow control units.

¥%X*This time should be included in CPU interference calculations but excluded from
calculations of percentage channel utilization.

' 70 usec of this time should be included in CPU interference calculation but excluded
from perentage channel utilization.

Figure 3.1 Processor Interference Times Caused by Channel
Activities foxr Devices on BBA's, CA, MPX, BMPX
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Comments to Fig. 3.1, 3.2, 3.3

The BBA data transfer occurs via a buffer of 256 Bytes (Fig.
3.1). Whenever during an I/0 read/uwrite operation the
buffer is full oxr the byte count limit is <reached,
(whichevexr c¢omes first), +the contents of the buffer are
emptied at a rate of 414 KB/SEC. Each such burst transfer
requires 90 usec of processor time. In addition, every
four-byte transfer regquires .92 usec processor time. If MPX
devices operate in byte mode, each byte requires about 60
usec¢ of processor time. Depending upon the type of device
attached to the MPX this time may vary by about * 15%4.

If a device can operate in multibyte mode, 60 usec are
required for the first byte and about 10 wusec for each
additional byte. If a device operates in burst mode on the
byte MPX, only .92 usec are required for every 4 bhytes of
data transferred.

The .92 wusec per 4 bytes of data is considered an average
value occuring for typical load situations on the Integrated
Channel Bus. Rctual times can vary from .9 usec for louw
loads to 1.9 wusec for high IC-bus wutilization, and read
operations alterxrnating with write operations (compare Fig.

2.2). Houever, typical IC bus utilization is found to be
well below 5%. The +time for SIO handling includes the
execution of a single CCW. Since instruction rate
calculations do not include the 'start I/0' instruction,
this SIO handling time should be included in CPU
interference calculation. Fox calculation of channel

utilization, however, only the time for the execution of a
single CCW should be included for each SIO. For this
purpose, use the time needed for the execution of one
command-chained CCW.

The processor time needed for disk devices attached to the
DASD Adapter was given for a full chain of commands as
required for a normal disk access (Fig. 3.2). Since the 3340

uses the 'full track read' and 'search by microcode’
strategy, the appropriate +timings £rom Fig. 3.3 have to be

added for random accesses. Similarly, the processor time
for emulated disk devices consist of two parts: .

1. The timings associated with the accesses +to the disk
attached to the DASD Adapter, giveen in Fig. 3.2, and

2. The timings associated with the fully electronic search
and data move done per microcode, given in Fig. 3.3

In addition, all random write accesses to emulated disks
require a full track read followed by a full track write.
For sequential accesses to emulated disks the data is
already contained in buffer. Therefore the SEEK, SEARCH, and
READ/UWRITE interference times , of the normal disk acess are
eliminated (Fig. 3.2), in addition to the full +track read
interference of the emulator (Fig. 3.3).
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|Average Processor Interference time in usec |
| by channel service to:

Channel activity | 3310 | 3370 | 3340 | 8809 |
| | | | |
|=——mmmmm e R ittt bt bbb b | = |- |=——————=- |-smmmm e |
| pata transfers in burst modes/uB | 92 | 92 | .92 | 92 |
| it | === === f==——————- = |
| Execution of Typical Command | | | I |
| Chain: SEEK, (SEARCH), READ/WRITE | 1519 | 1400 | 4590 | - |
I | | | | |
| o o o e e e e e e e e | = m e mmm e | === | = |
| Creation of an interxruption-pending I | | | |
| condition: | | | | |
| 1. CH END (With or without device end) | 196 | 196 | - | 610
| e e [ il bt R | === | |
| Clearing interruption-pending condition ] 210 f 210 | 210 | 210
| (hy erchanging PSWs and storing CSW) XX | | | | |
| e e | ——m e | o |-~ |——————————- |
| Start I/0 Handling * | 80 | 80 | 150 | 796
| | | | l (12191 |
| mm e e e | == m o R il J=———————- f=mmmmm e |
| Time for total access *Xx | 2005 | 1886 | 4950 2 | 1616
| I | | i (2039)1 |
=============================================l============'=========I=========I===========I
| Fetching new IDA | 20 | 20 | 20 | 20
R Sttt bt bt | === | === |=—==--=-- | = |
| Execution of one command~chained CCW | - | - | - | 550
i | | | | |
| Additional load for PCI l 30 | 30 | 30 | 30
| | | | I |
| Execution of one data-chained CCW | 85 | 85 | 85 | -
| I | ! | |
| Execution of 'transfer-in-channel' command | 10 I 10 | 10 | 10
See also additional timings due to 3340 Direct Disk Attachment Fig. 3.3)
* 80 usec of this time should be included in interference calculations but excluded

from calculations of percentage channel utilization.

*% This time should be included in interference calculations but excluded from
percentage channel utilization.

*%x* Time for one complete access to read or write one record.
1 With initial SPEED SET command

For random write access add 1620 usec to this figure

Figure 3.2 Interference times caused by channel activities
for devices on DASD Adapter and Magnetic Tape ARdapter.
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———————— — ———— - ———— = — > " s ey St S e e ey B e e - - ——— —

| 3340 | 231X |

| Direct Disk | Emul. on |

| Attachment 1 3310 |
| = e el tudated | === |
ICycle steal interf. | 836874 | T/4 |
|for full track read | x .92 | ®.92 |
|from emulated disk(3) | =1925 I |
| | | |
| | ] |
] I | |
|Initiation of disk | 2400 | 2600 I
jemulation (4) | ] I
| , | | |
| | | |
I | | |
|Electronic search I 4184/R (2) | T/2R |
lover record size R (4)| x 540 I % 450 |
| ] =1103 | |
| | | |
i | ] |
I ] | |
{pata move of 1 recoxd | 925%R | 925x%R |
lwith 2048 B (4) | =1895 ] =1895 |
(1 Foxr 2314 T = 7294, for 2311 T = 3625
(2) R = Logical record size in Byte

Timings given are for R = 2048 B
(3) For a disk write operation, consisting of 1 £full track
read followed by a full track write, multiply by 2.

4) processor operating on traplevel 0

Fig. 3.3 Additional CPU interference times caused by random
access to emulated disks on DASD Adapter (For
basic Disk Adapter times see Fig. 3.2)
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CALCULATION OF I/O0 INTERFERENCE WITH THE PROCESSOR

Sources of I/0 interference are the use of processing time
by the channels and the use of main storage time by the I/O0
data transfer. : '

INTERFERENCE DUE TO CHANNEL ACTIVITIES IN THE PROCESSOR

The channel activities that can cause interference, and the
durations of those activities in microseconds, are listed in
Figures 3.1, 3.2 and 3.3. To calculate the total duration of
interference with the processor for a paxrticular time span,
proceed as follows:

1. From Figures 3.1, 3.2, and 3.3 1list those c¢hannel
activities (and their associated interference times) that
can occur in the time span being considered.

2. Recoxd also the number of times +that each c¢hannel
activity occurs in the time span.

3. For each channel activity, multiply the interference time
by the numbexr of times that the activity occurs; the
product is the duration of intexference with the
processor caused by that activity.

4. Add together the individual interference times to obtain
the total duration of I/0 interference with the
processor. '

Example: Figure 3.4 gives an example calculation of total
intexrference time +that is <caused by a tape-to-printer
operation in which:

1. A 1000-byte block is read <£from tape (burst mode, block
multiplexex channel) via ten command-chained CCWs.

2. The 1000 bytes are sent to the printer (byte mode, byte
multiplexer channel) via ten command—-chained CCW's.

3. The pertinent time span is assumed to be the duration of
the entire I/0 operxration.

Note that the duration of +this intexrference with the
processor is not dependent on the data rate of the devices
but rather on the characteristics of the channels as shown
in Figures 3.1 and 3.2 and 3.3 and on the amount of data
being handled.
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| Channel activities Intexface factors 1 Duration of inter- |

! |

| | (fxom Fig. 3.1 and 3.3) { Numbexr of occurrences | ference
o e e e e e e e o | = m e e |ommm e e e !
|Reading tape on block multiplexer channel | I |
| Data transfers in burst mode / 4BYTE i 92 us | 250 i 230 us
| e e e e e R i e it |mmm e e |
| Execution of a CCW with data chaining | 58 us | 9 | 522 us
| mmmemm e e e e e e el b il R D il |~ mme e e |
| Creation of interruption: [ i |
| Channel end with device end | 79 us i 1 | 79 us
| Clearing interruption I 210 us | 1 | 210 us
fom e e e e e e L e L DL e IR L L b L S Lt | e |
IWriting to printer on byte-multiplexer. | 1 | 1
Jehannel I | | |
| Data transfers (in byte mode) /BYTE ! 60 us | 1000 | 60000 us
| e | e —— e R ittt bbb Dol |=——mmemm e |
) Execution of a CCW with command ! 98 us [ 9 | 882 us
I chaining and without PCI t | |
L e itttk b Jom e e e oo e e e | |
| Creation of interruptions: { | | |
{ Channel end alone | 79 us ! 1 | 79 us
| Device end alone | 45 us | 1 | 45 us
| Clearing interruption | 210 us | 2 | 420 us
| i ataiate |
I Total = 62467 us
| = 62.47 ms

Figure 3.4 Duration of Channel Interference, Example

Calculation for a Tape-To-Printer Operation

Fig. 3.4 shows houw to obtain +the actual duration of
interference in mircroseconds over a 'specific time span.
This duration of interference figure, when divided by the
time span that is pertinent to +the application, yields a
rercentage interference figure.

The significance of the derived percentage interference
depends entirely on the reader's choice of the pertinent
time span. For example, the percentage interference due to
the tape-to-printer operation in Figure 3.4 over the period
of time taken to perform the I/O0 operation is given in Fig.
3.5, once for the case when tape reading and printing occurs
sequentially (Example 1), and once for the case where tape
reading and printing completely overlap (Example 2).
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Example 1

Suppose, in the application being c¢onsidered, that tape
reading and printing occur consecutively (that is, printing
does not start until tape reading has finished).

Step 1: Take the pertinent time span to be the duration of
the I/0 operation:

Time to read 1000 bytes from tape = 24.7 ms
Time to print 10 lines = 545 ms
Time span of I/0 operxation = 569.7 ns

Step 2: Calculate the percentage interference duxing this
time span thus:

62.47 ms (from Figure 3.4)

—————————————————————————— = .109 = 10.9 %
569.7 ms

Example 2

Suppose, in the application being considered, that the tape
reading and printing operxrations ovexrlap.

Step 1: Detexmine the duxation of the I/0 operation:
Time to print 10 lines (as in example 1) = 545 ms

Step 2: Calculate the percentage interference during this
time span thus:

62.47
-=== = 115 = 11.5 %
545

I/70 operxration times are obtained from the reference
literature for the device.

Figure 3.5 Percentage Interference, Example Calculation for
a Tape-To-Printexr Operation
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The percentage interference numbers calculated in Fig. 3.5
~indicate how much longer a processing function would take
for execution (assuming that during the I/0 operation the
processing would continuously need pProcessor services
without ever going into the wait state). For a first pass
estimate of actual percentage increase in processor Dbusy
time due to I7/70 interference, one can multiply the
interferxrence figures calculated in Fig. 3.5 with the figure
for the processor utilization (due to instruction
processing). This estimate assumes that channel operations
are uniformly distributed over processoxr busy and wait
state.

INTERFERENCE DUE TO I/O0 UTILIZATION OF MAIN MEMORY

The I/70 Operations causing memory interference are:

~ FETCH, which requires .9 usec¢ per 4 Bytes, .5 usec of
which are overlappred with processor busy time for the same
fetch access; during these .5 usec the processor can nevex

ask for memory access. Thus only the remaining .4 usec
should be used for calculating effective memory
utilization.

~ STORE, which requires 1.3 usec per 4 Bytes, none of which
is overlapped with processor busy time for the same store
access.

The effective time Ti needed per average memory access is
calculated as:

Ti = (.9 usec ¥ (number of fetch accesses)+1.3 usec
¥ (numbexr of store accesses)) 7/ (number of

fetches plus number of stores)

Legend: ¥ is the multiplication sign
7/ is the division sign

The noticeable percentage intexrference then is the product
of the following factors: :

1. The effective memory utilization Ui due to I/0O accesses

2. The Time Tp for which an unsuccessful memory access has
to wait before memory access is granted, and

3. The number of memory accesses Np the CPU attempts to make
within a specific time interxval

or Ip = Ui * Tp ¥ Np
The memory utilization due to I/O, Ui, is obtained by

multiplying +the number of I/70 memory accesses per time
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interval Ni with the average memory access time Ti,

or Ui =‘Ni X Ti,
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The average waiting time Tp of a processor access 1is,
assuming low memory utilizations, Tis72. For highexr memory
utilizations (Ui > 0.05) a better estimate forxr Tp is

Tp = (Tisz2)s7(1 - Ui)

This equation is based on Poisson arrxrival of I/0 memory
requests.

The number of memory accesses Np can be obtained by
multiplying the instruction rate Re with the average number
of memoxry accesses needed per instruction Ne. Both of these
values are application dependent. But +typical values axre Re
= 200 K instx./SEC and Ne = 1.5 accessess/instr. Then Np = Re
X Ne,

An example of interference due to memory contention 1is
calculated in Fig. 3.6,

Ni = 50000 I/0 mem. acc.s/sec., (E/B = Instr. Execution/BYTE = 1)

Ti = 1.0 usec Time per I/0 Memoxry access:

Ui = Ni ¥ Ti .05 memory utilization due to I/O

.5 usec aver. waiting time of CPU mem. access

Tp = Tirs2 =

Re = 200 K Instr./sec. instr. execution rate
Ne = 1.5 mem. acc./instr.

Np = Re X Ne = 300 000 memory acc./sec

Ip = Ui ¥ Tp « Np = .0075 = .75 %

Legend: ¥ is the multiplication sign.

Fig. 3.6 Calculation of interference due to I/0 utilization
of memory. »
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EFFECTS OF I/0 INTERFERING WITH THE PROCESSOR

Two effects of I/0 interference are of prime importance. The

first is the effect of I/0 interference on System
throughput. The second 1is the fact that increasing I/O
interference may lead to program overxruns. R thizxd, less

important effect is the slow-down which high priority Is/O
devices can impose on lowexr priority buffered I/0 devices.

EFFECT OF I/O0 INTERFERENCE ON SYSTEM THROUGHPUT

The effect of I/0 interference on system throughput is very
much application dependent and therxrefore difficult +to
predict. Comparing an ideal system (without I/0
intexference) with a real system (having I/0 intexference),
it is easy to see that the I/0 interference will have little
effect on real system throughput if the processor
utilization is low; while the highest effect of interference
will occur for high processor utilization. With the
reasonable assumption, that all processor times of an ideal
system are equally affected by I/0 interference, a
conservative estimate for the real system throughput is
obtained by dividing the system throughput of the ideal
system by »

1 + (I/0 interference) * ((processor time overlapped with
I/0) 7 (total processor time))

where the I/0 interference is here obtained by dividing the
I70 interference time by the elapsed time of the ideal
system.

THE EFFECT OF I/0 INTERFERENCE ON PROGRAM OVERRUN

A particular effect of channel interference with processing
(see section 3.2) is program overrun. Program overrun
results from a program being slowed down to such an extent
that the program is late in providing realtime serxrvice to a
device and, hence, causes incorrect operation of that
device.

Program overrun must always be c¢onsidered for those I/O
operations that involve high-speed document-handling devices
such as the 1419 Magnetic Character Reader. In program-sort
mode, the 1419 zreads data into the processor while the
document is passing the read station; then, before the
document reaches the stacker-select station, the processor
must calculate the stacker required and issue  the correct
stacker—-select command. If  the stacker-select command
arrives too late (because of program overrun), the document

is routed to the reject pocket and the channel progranm
stops.
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