MEMOREX 7100

I/0 SYSTEM

R. HOEHNLE

-

R. HOLLAND
D. PESAVENTO

7/19/72

MEMOREX CONFIDENTIAL



1.0

2.0

3.0

II
ITI
v

CONTENTS

INTRODUCTION

7100 I/0 ARCHITECTURE

Integrated Adapters

Micro-Bus Interface

Memory Bus Interface
Micro-Processor Control of Adapters
I/0 Timing Considerations

RN N
O M=

7100 I/0 ADAPTER DESCRIPTIONS

80 Cotumn Card Equipment
96 Column Card Equipment
Printer

Console

Communications

Selector Channel

[FLRTURFUR FUR NN )
T O L) DN =

FIGURES

Integrated Adapter Interconnection to 7100 System
7100 System Register File

Integrated Adapter Block Diagram

Detailed Adapter-CPU Interface



.0

2.0

INTRODUCT ION

This section will discuss the 7100 |/0 Subsystem. The /0 Subsystem
has been designed to make maximum use of CPU resources. The 1/0
Subsystem consists of ﬁeripheral devices that are connected to the
CPU and main memory through control Qnifs that are integrated into
the mainframe design. These inftegrated control units, or adapters,

are directly controlled by a common micro-processor in the CPU.

7100 1/0 ARCHITECTURE

Peripheral devices on the 7100 System connect to the system through
integrated adapters (control units). These adapters are controlled
by the micro—processof in the CPU and make use of common resources in
the CPU such as AlLU, address and data registers and a scratch pad

memory used as a register file.

AFigure | outlines the basic interconnection of integrated adapters

to the system. All |/0 adapters connect to the micro-bus. The

micro-bus provides basic control to the adapters for 1/0 initiation,

termination and data transfer. The exceptions to this general rule

are the disc adapter and the selector channel adapter, which, due
To their high rate of data fransfer, go directly fo the memory bus

for data transfer.

Each peripheral |/0 adapter is assigned a processor state as seen
in Figure I1. Each processor state is assigned a column in the

system register file. The system register file contains registers

-
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8-F in Columns 0-7 and 0--F in Coiumn F. Coiumns 8-t are reserved

for future use.

Fach 1/0 adapter has varying numbers (up to 8) of discrete registers
located in the adapter. These registers can be addressed by the
micro-processor as though they were located in the system register
file. Thus, the micro-processor has 8 working registers plus up

.
to 8 discrete adapter registers for each 1/0 processor state.

Register F is reserved in each processor state for the micro-
processor program counter. Thus, each tTime a processor state
change occurs, the entry point in the micro-program is obtained

from Register F of the newly selected state.

%

2.1 Integrated Adapters

Integrated adapters on the 7100 System provide data buffering
and contrel to the peripheral devica., Because different types
of devices have different characteristics, adapters are
designed specifically to meet The-needs of each type of

peripheral device.

Figure ||l shows grossly what is required for most types of
adapters. Fach 1/0 device requires a certain amount of
discrete logic to control it. This, in general, is in tThe form
of latches that set and remember comnands or condiTiéﬂs during
an 1/0 oﬁerafion. During data Transfér, buffering of data is
required betwsen the 1/0 device and the CPU or memory. Each
adapter must have logic fo sequence the work flow through the
adapter, (i.e;, moving data in and cut of the adapter, re-

to. ).

questing CFU service, e
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2.2

H

[n the 7100 Systom, the adaptler:

o

s are passive In nature and
depend on the micro-processor to contirol them. In certain
cases where The wicro-processor is not fast enough fo respond
to paripherail naeds (eg. serializa+ion/deserializaTion of bit
stream data on disc sterage devices) discrete logic Is provided
in the adapter to perform these functions. In general, when

. | r
a status change fTakes place in an adapter, the adapter requests
service froem The micro-processor and waits for The micro-
processor to respond. Examples of this will be covered in

Section 2.4, Micro-Processor Control of Adapters.

Atl 1/0 adapters contain certain common elements such as

registers to hold status, device commands and buffer data.

Thesa registers are directly accessible by The micro-processor
which can read or write Tthese registers. In addition, the
micro~processor can issue certain commands that cause the

adavter To perform a function, such as, master clear, drop

request line, initiate operation fTo device, efc,

Micro-Bus |Interface

The micro-bus interface provides the vehicle to initiate 1/0

operations, transfer data and terminate 1/0 operations.,

Figure |V shows a diagram of the micro-bus infterface. This

intferface consists of:



2)

3)

4)

5)

Biudir"ec‘i‘io:m_{_,___!6 oit Data Bus

This bus interfaces between the regisferslin the CPU
(i.e., MOR, A feeder, B feeder, etc.) and one of eight
registers in the adapter.(NOTE: Most adapters only
require 2 or 3 registers.)

Register Address Line

These {ines decode off of the micro-instruction register
source and destinaticn fields and selecl one of eight
registers referred to above as ltem 1.

Read/VWrite Lines

The read/write line signals the |/0 adapter whether the
selected register is to be a source or destination.
The read line indicates a source, the write line indicates

a destination.

Adapter Selsct lines

These lines select | of 8 possible 1/0 adapters. 1/0
adapters should respond to signals on the micre-bus
interface only when their assigned address is present
on The adapter select !ines.

Service Reguest Line

Each adapter has a unique service request line. The
service request line is used by The adapter to signal the
CPU that it needs the services of the micro-processor.

At én appropriate time, the CPU will use the service
requast line, through a priority network to select a new

CPU state which will affect the adapter select lincs.
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2.4

Memory Bus tnterface
the memory bus Interfoce is used by certain adapters that

have high speed (¥ 27K byte) data transfer reguirements

such as the disc storaas unit and the selector channe!.

o3

The memory bus interfacs consists of:
() |6 Address lines

2) {6 Data Lines

3) | Request Line per Adapter

4) 3 Select Lines

Refer to "Memorex 7100 Memory System" description for

Timing and interfacing recuirement.

5

Micro-Processor Control of Adapters

The micro~processor, as described in previous sections, can
access registers in each of the adapters on the 7100 System.
tn addition to loading and reading these adapter registers,
the micro-processor can instruct the adapters fTo perform certain

progammed sequencaes.

These insTructed seqguences ffom The micro-processor can be
interpreted in two ways. One, the act of loading adapter
registers can be used by Tha adapter fo initiate certain
operations. For example, assume That one register in the
adapter fs assigned to be a command régisfer for @ peripheral
device, then, The act of loading the register could signal the
adapter to start a procedure with the peripheral device the
exact operation being dependent on the content of The register

Just tosded.



Ancther methed of instructing fthe adapier can be through The
use of register address decodes of regisiers not present in 1he
adapter. For example, assume that a pariicular adapter hasz 3
discrete registers. Since each adapter has an addressable
range of 8 registers, b register addresses would normally

be unused. tf These unused addresses were deccded and intfer-
Preted by the adepter as commands then 10 anigue (5 read and S
Write) instructions would be decoded through normal micro-
progran %ccess to adapter registers. Refer To adapfer decode

block 1n Figure 1V,

During a normal /0 seguence at the point of 1/0 initiaTion
the system will switch to the procesgsor state asscciated

with the pertinent adapter (see Figure 113},

The micro~processor will access memory fto obtain the"command
word™ which describes the /0 operation thet is to take place.
The micro-processor will make any necessary error checks for
format and content of the "command word.," [f no errors are
detected, the micro-processor will begin an |/0 command sequence

with the adapter.

Once the operation is underway, the micro-processor will
relinguish control to anoTher processor state until dats

transfer is required (this time varys with the peripheral device).



wlhen the adapter detects that an access fo memcry is eminent,
it will raise The service request lins To The micro-processor

pricrity network.

In due time, the micro-processor wiil respond by again switching
+o the processor state for the requesting adapter. Because

the micro-program initiated the /0 operation, it usually knows

what Type of response will be required to &n ensuing request
and wilt have the micro-program counter pocinting To the proper

(i.e., read or write) micro-program routine.

Once The switch has taken place, Tthe micro-program will access
memory and send the data fo the adapter data buffer (write
sequenée) or access The adapter datd buffer and send The data
to memory (read sequence). In either case, the micro-program
witl update the memory address pointer and the data block
counter. The micro-program will defect for end of block.

[f the end of block specified by the "command word" and the end
of record specified by the peripheral device do not coincide

an error status condition will occur.

After each byte of data is transferred, The micro-processor

relinquishes contro! to another processor state.



2.

5

When all of The requested dala has been transferred, 1he micro-

i

program goes through a clean up procedure to fterminate the 1/0
operation. | command chaining was roquested by the Mcommand
word' in memory, the micro-program will access The next "command

word" and the procedure starts all over again.

1/0 Timing Consideration

[) Adapter Selectlon Address Lines

The 4 adapter selection address lines indicate fo the 1/0
adapter which blcck of extended registers the proceséor
wishes to communicate with., The 4 |ines make it possible
o address 16 separate register blocks. These address
ines must be stable 130 n sen. after the tralling cdge

of the system clock for a write request and 90 n sec. after
the traiiing edge of the system clock for a read request.

23 Register Address Lines

The 4 register address lines Indicete to the /0 adapter
which reglster in the block of extended registers fhe
processor wishes the address. The 4 lines méke it possibie
to address 16 different registers. The address |ine must
be stable 170 n sec. after the frailing edge of the system
clock for a write reguest and 130 n sec. after the trailing

edge of the system clock for a read request.
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170 drite Line

The t/C write line indicates To the /0 adapter that the
processor wishes to perform a register write function,
The write tine must bLe stable 130 n sec. after the

trailing edge of system clock.

|/0 Read Line

¥

The 1/C read line indicates to The 1/0 adapter that the
processor wishes to read the contents of a register.

The read |ine must be stable 130 n sec. affer the trailing
edge of system clock.

Micro Bus

Tﬁe 16 line micro bus is a bi-Hirsctional communication
link between the processor and the /0 adapters. In a
write operation, the /0 adapter must have the bus ctable
|70 n sec. after the trailing edge of sysTem clock. In

a read cperation, The bus witl be stable 230 n sec.

atter the trailing edge of system clock.



3.1 ETOHEY COLURN CARD INTEGRATED READUR PUHCH ADAPTER {IRPA£D)
1.1 CEnERAL
The TRPABG  1s the Integrasted Adapter/Controller which contains the
herdvare interface and control logic reguired to operate the MRX £205
Card Reader Punch (Contr01 Data Corp. Model 9280). The IRPAEOD may
atso be used as the Adapter/Controller for MRX 6010 models 1, 2, and
3 {Documation Inc., models M300L, MAOOL, and MICOOL).
3.1.2 PERIPHERAL DEVICE DESCRIPTION '
3.1.2.1.1 The CDC Hodel 9285 will both read and punch eighty column cards
in one pass. It is capable of reading at 500 ¢pm or punching
at 100 c¢pm.  The Model 9280 consists of a column oriented, card
read-punch unit complete with Hopper, Stacker, internal Control
Unit, and Power supply.
3.1.2.1.2 The Model 9280 uses fiber optics to accomplish the photo-electric
reading. The read system is resynchronized on each punched column
to insure reliable reading of "old" or mutilated cards. An added
feature is the punch “Skip-Out" capability which aliows a card to
be fed at transport rates after thc final desired column is
punched. It also has a stacker card "Offset” capability.
3.1.2.2.1 The Documation M Series readers will read eighty column cards,
column-by-~column. The M300 L reads at a rate of 300 cpm, the
MEOOL reads at 600 cpm, and the FMIOOOL reads at 1000 cpm.
3.1.2.2.2 The M Series Mochanisms consist of a Hopper, Read Station, and
stacker. A1l units use long-life LEDs to accomplish the
photo-electric reading.
3.1.3 IRPA8D DESCRIPTIOM
3.1.3.1 The Eighty Cotumn Intienrated Rezder-Punch adspter logic is contained

on two plug-in boards. This logic 1s divided between a "Register”
board and a "Controt" bosrd. The IRPA interfaces to the micro-

nreeessor via the /0 wicro-bus, the row and caluinn addrezs lines, ths

read/write contrel Tines, and the service vrequest line. For additional

~

information on the T/0 interfece, vefey to Seciion 2.0,



3.1.3.2

3.1.3.2.1

IRPASD Reuister Board

The IRPABO Reoister Board contains the Command Register, Invaiid
Command detection logic, Punch Data ragister, Input Data register,
Hollerith conversien legic, and Heollerith Validity check Togic.
(Refer to IRPASO Togic diagram or Bleck Diagram 3.1.4)

The Command Register is 8 bits in length. During the I/0 initiation

procedure the micro-processor fetches the Command Byte from the SI/O
instruction and Touds it into this register. The Command Byté is
then availeble to the wicro-processor for testing and, normally,
will remain in the command register for the duration of one I/0
operation, Tne bits in this register corrvespond to bits 8 thru

15 of the micro-bus and their meanings are assigned as follows:

IEBEIENEREE 13 [ 10 [ 15 | sn)

. h;>n<——}.l--..-._ [P i

3
i
ot}

i K

b URITE (PUKCH)
e READ

mememeee NOT USED INTERNALLY
S BINARY INAGE

OFFSET

NOT USED INTERNALLY

3.1.3.2.2 The invalid Command Detection logic tests the four least significant

hits of the Command register. Three of the sixteen possible combinations

will be sensed as an invalid cemmand. Thece are:

1) G000 Invatid
2) 1000 Transfar in Channal
3) 1100 Read Backward

Tha Invalid Command term is one of the inputs to the Command Reject
legic on the Control board. However, the Tnvalid Command term will
not cause a "Command Foject" to ocour unless 1t is present when the

i cro-procossor exccutes a "Stert I/0" (TEED) control function.

SENSE 7 Used only for Invalid
INVALID,f Command detection logic.



3.1.3.2.4

The Punch Bets Heoister is the outhound date buffer during Card

Punciy operations, 1t s 12 bits in Tenoth, and they corrvoespond

to bits 4 thru 1bh of the micro-bus. This register is lcaded by
the Write Decoder "Load Punch Data” term. The register outputs are
connected to the inputs of the EBCDIC/Hollerith ROM converter.

A punch multiplexer is used to select either the converted
hollerith character or the Punch regisier outputs (bypassing

the converter lomic) and to present the resultant Punch data

to the peripheral interface. The punch wultiplexer data selection
is controlled by ihe Binary image bit of the Command register.
Either an "lmage" character or a "converted" character is always
present on the Punch Data lines. This Punch Data is also
availablie to the Input Multiplexer, thus providing the capability
for diagnostic testing of the outbound data paths.

The Input Data Register is the inbound data buffer during Card Read
operations. It is 12 bits in lengthy and they correspond to bits

4 thru 15 of the micro-bus. HNormally, this register is Toaded

with data read from one column of the card in the device reaa

station, and is loaded on the leading edge of the Busy signal
(data index) from the peripheral device. This register may also
be toaded {rom the wicru-bus, thus providing the capability

for diagnostic testing of the inbound data paths. The register
outputs are connected to the Hollerith/EBCDIC conversion Togic.
A Binary Read multiplexer is used to select the converted EBCDIC
character or the Input Data register (bypassing the converter
Togic) and to present the resultant input data to the Input

Multiplexar.

i Hollerith Validity Check is perforied on inbound data if tne
IRPA is not in Binary Image mode. The Validity check logic inputs

are cennected to the seven Teast significant bits of the Input
Data register. If more than one of these seven bits 1s set, the
Hollerith Valid term will be not true. If the Hollerith character
is not valid, and the 1FRPA is not in Binary Image mode, the Data

Check flag will be sct.



3.1.3.3.2

TRPASD Control Board
The TRPASD Control Board contains the Head Controi and Write Control

ra

decodors, the Trput Multiplexer, the Data Trensfer Centrol lLogic,

L.

o
Ll
o
(”W

heck logic, Adapter Status legic, and the Peripheral Device

Stotus Togic.

vder to perform an I/0 operaticn related to the IRPABO or the
attached peripheral device, the micro-processor nmust first establish
the corvect Column Address to select this Adapter. The micro-
procassor must then execute an I/0 micro-instruction: which will
establish the 1/0 Row Address for the register, or control function,
desived; and which must raise either the 1/0 Read signal to specify
that the IRPABD is the information source, or the /0 Write signal
to specify the IRPABD for a control function or as an information

destination.

The 1/0 Row Address is presented to lhe Read Decoder, the Write
}

Decoder, and the Input Multiplexer. The Input Multiplexer seiects

the informatioh specified by the I/0 Row Address and, if it i5 a
Read cperation, the output drivers are enabled, placing the
information on the I/0 micro-bus. The selected tnformation is

one of the foliowing:

1) Input Data (sourced from the Input Data register or the
Hollerith/EBCDIC converter)

2) Punch Data (sourced from the Punch Data 1ine)

3} Comnand Byte ( sourced from the {ommand register)

4) Status (Attention, Busy, Device End, Unit Check, Request In)

5) Sense (Command Reject, Intervention, Data Check, Overrun,

Not Ready, Device Status, CPU Data- Request)

The ﬁgjte Decoder is enabled by the I/0 write term and, depending

on Row Address contents, decodes cne of the following Register

ne
Load or Conivyol Function terms:

register load)

o

Load Input Data
register loed)

]

Load Commend DByte

ontrol function)

2
g g g e
o
o
[l

(
(
Punch lata (VG§ tor load)
(¢
(

control function)

T



3.1.3.3.4

3.1.3.3.5

3.1.3.3.6

3.1,

3.7

6) Clear Status (control function}
3y
)

7} Reset Cevice {control function

There is cne Write address function and three Read address functions
not used by the IRPABC. These are interpreted as illegal addresses
and, should the micro-processor attemnt to execute one of these
when the Column Addrass is pointing to the IRPASO, the Command
Reject Flag will be set fo indicate an erroy condition.

The Active Flip Flop is set if the perﬁphefa? device is "Ready"

ang the micro-code issuss a Start [/0 control function to the
IRPASO. It is reset by the Halt I/C control function. When the
Active FF is reset, all service requests are inhibited except
"Attention". Also, all data transfers between the IRPABD and the
peripheral device are inhibited. However, all Controi functions
and data transfers between the IRPABD and the micro-processor

are allowed in order to provide for diegnostics, adapter testing,

and 1/0 initiation/terinination procedures.

If the peripheral device is "keady", and an lnvalid Command is

not present in the Command register, execution of a Start I/0
conirol Tunction will set the Feed Flip Flop. This FF provides

the Feed Command to the peripheral device to begin a new card cycle.
A Start I/0 control function must be cxecuted for each card. The
Feed FF is reset if the Aclive FF is raset, or upon detection of
the trailing edge of the End of Card signal from the peripheral
device. For card cycle timing, refer fo Figure 3.1.1.

Control of Inbound Data Transfers is as follows: The peripheral

device pulses the Busy line once for each card column, as it is

read and the column deta 15 stable on the twelve Card Data lines.
The Busy line leading edge is detected and used to strobe the

data into the Input Data register. This same strobe is used to
sot the CPU Data Pequest FF and the Register Full FF. The Register
Full FF is reset when the micro-processor reads the Input Data
Recister, or when it executes a Clear Status control function.
Reier ta Timing Dicoram 3.1.2 for inbound deta Crensfer timinc.

In tie event thqt the dusy line is pulsed Tor a now data transter

and the Pegistor Tull TR 7s elready set, loading of the Input
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3.1.3.3.8

3.1.3.3.¢

3.1.3.3.10

e will be dnhibited end the Cverrun FF will be sct,
signuling a data loss error. he Overrun TF can be reset only

be executien of & Clear Status coniro? fTunctich.

Control of Quthound D:ota Transfers is as follows: The peripheral

device will set the CPU Date Request FF upon recegnition of the
trailing edge of the End of Card signal. The micro-processor

will respona by leoading the first character into the Punch Data
register. The Load Punch Data strobe also resets the CPU Data
Roquest FF and sets the Info Ready FF. The Info Ready term signals
the peripheral device that Punch Data is aveilable. The peripheral
davice signals the IRPABO that it has taken the Punch Data by
pulsing the Busy line. The treiling edge of this pulse is

detected and is used to resect the Info Ready FF, and to again

set the CPU Data Reguest FF. The micro~processor then responds
with new data and the sequence is repeated until all punch data

for one card has been transferred. (Refer to Timing Giagram 3.1.3
for outbound date transfer timing.) This data transfer scguence
1wy be terminated eartier than 80 columns, if desired, by execution
of a new Start 1/0 (Feed) contrel fuaction. Overrun cannot occur

on outbound data fransfers

The Busy FF derotes that a peripheral device card cycle is in
process. It is set by the Feed Command and is reset by detection
of the End of Card {¥0C) leading edge, or upon resetting of the
Active FF,

The peripheral device raises the Ready line if it is on-line and
there are ho crror conditions. The device raises the Status fine
if it is Ready, the motor is on, and cerds ave present in the

Read Ready and Punch Ready stations. IF both of these lines are
true, the Ready Latch will be set. If either Tine is false, the

Ready Latch will be reset.

fhe Teading edge of the Ready Latch is detected and is used to
CF, The Attewiion FFois reset by the Clear

ction,  The attention signod raises the Service
Pequest Tine to.signe! the wicre-processor that the pevipheral

dovice ic On-1ine and ready for uen.



3.1.3.3.13

3.1.3.3.14

3.1.3.3.15

r

The Device Ind IT 75 set by the Teading edge of the Ready lLatch,

o

)
5
:")—
{ Y)

> leading edge of the End of Card signal. It is vresetl by
the Clp Status control function. The Device End signal denotes
that the peripheral device has completed its card cycle and is
avaitable for a new Feed Command or, in combination with the
Attention signal, that the device has come On-Line and is ready
for usec.

The peripiieral device will pulse the Error §tr0be if it detects

a "Tight or dark probe error” during read node, or if it detects
an "echo check ervor" during punch mode. This Error Strobe line
will, if pulsed, set the Data Check FF. I the IRPAZD is not in
Binary Imace mode this flip flop will also be set by the Hollerith
Mot Valid signal. The Data Check FF is reset by the Clear Status

control funciion.

The Command Reject FF will be set by ‘an illegal Read or Write Row

address, or i7 a Start 1/0 is exccuted when the peripheral device

is not ready, or if a Stert 1/0 is executed when the Command Register
contains an invalid command. It is reset by the Clear Status control
function. The Command Reject signel inhibits the Feed Command logic

and the CPU Data Recuest logic, and signals the micro-precessor

that an operational error condition exis

The Service Request line provides the IRPABD with the capability

to signal the micro-processor that service is required. This line
is raised by setting the Attention FF. Also, if the Active FF

is set, this line will be raised by setting of the CPU Data Reguest
FF, Device nd FF, Overrun FF, Command Reject FF, Data Check FF, or

by the Recdy Tatch baing reset.
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fhe TRPASE s the Intenrated Adapter/Controller which centains the

pla
£

arawave interfece and control logic required to operate the Decision
Date Corn. 08 column card oguipment. The models which this adapter

will control are:

<7
L]
0

0 Data Recorder

e}

Co
oy Oy
—
[y

e
o
[
(o)

Data Recorder/Printer

1200 cpm Reader

300 cpin Reader

8643 300/120 cpm Reader/Punch

8653 200/120 cpm Reader/Punch/Printer
8655 L00/240 cpm Readev/Punch/Printer
8660 1000/500 cpm HFCU
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3.2.2 DEVICE DESCRIPTION

3.2.2.1 The functions, intertace, and-control of ail DDC models are
compatible sub-sets of the DDC 9650 MFCU. Therefore, all peripheral
equipment references in Section 3.2 will be in respect to this
MFCU.

3.2.2.2 The DDC 9650 MFCU s 2 96 column Multifunction Card Unit which
consists of two input card hoppers, two read stations, two pre-
punch wait stations, a celiating junclure, one punch station, one
print station, six output stackers, and associated mechanical and

n.-o

electronic contral., Also, included are three "full card" buffers

for the read, punch, and print stations. The MFCU interface

signals are DTL/TTL coupatible.

3.2.3.1 The Hinsty Six Column Integraied Reader-Punch Adapter logic is
contained on two plua-in boerds. This logic is divides between
H

4 i - . I P R T R P O Snd ot o em
o “Regiaier’ board and a "Contrel™ board. The IRPRSG interiaces

PR R T N SN S 3 IR S SN
fag the aricro- PUGLERSNGs Via the E/O ill‘;c:g;"‘bk‘.:} . Lho you ang COl HHHE

addvass lines, the read/wriie contrel Tines. and The soervice



3.2.3.2

[

L

2.1

3.2.3.2.2

requost line,  For additieonal infornation gn the /0 interface,

P A I
for o Section 7.0,

RPASEG Register bLoard

The Kogister Beord centsins the Command Pegister, Punch Data Register,
96 column/ EBCDIC logic, Read Control and Write Control decoders,
and the Data Transfer Contral logic.

The Command Regicter is 11 bits in Gength., During the 1/0

iniiiation procedurs the micro-processor fetches the Command Bytes
from the SIO insiruction and leads 1t into this register. The
Commzind is then availuble to the wicro-processor for testing, and,
norimally, will remain in the Command register for the duration

of one I/0 operation. The bits in this register correspond to
bits % thru 15 of the wmicro-bus and their meanings are:

Punch, Read, Prini, Print Separate Jata, Upper Hopper Select,
Inhibit Input Fecd, Stacker Mode Cont ral, and stacker select

(three Tines).

The Punch Datza Register is the outbound data buffer during Card
Punch or Print ODGTut?OﬂS‘ It is 6 bits in length. This register
is toaded hy the Mrite Decoder "Load Punch Data" term. The & bit
ERBCDLC character is taken from bits 8 thru 15 of the micro-bus,
sresented to the "ERCDIC to 96 column format® converier, and the
convarted 6 bits are strobad into the register. The outputs of
this register are connected to the peripheral interface Punch
Date Tines. This Punch data is also availeble to the Input
Multiplexer, thus previding the capability for dicgnostic testing

of the cutbound data path.

The peripheral device continuousiy maintains a character cn the
Input Data interface lines. Therefore buffering in the Adapter
is not requived. This data is present at the inputs to the "96

colunn format to EBCDIC! converter, and the ouiput of this

converter 1s aveiiahle to the Inmput Fultiplexer.



by the I/0 write teym and, depending

|
on the Row Address contents, decodes one of the following

Register Load or Contrel terms:

Load Command byte registor Toad)

™S e

) (

?)  lLoad Punch Date {(register load)

) Start I/0 (control function
} Halt 1/0 (control function
) (
) (
) (

)
)
control function)
)
)

[,

Clear Status
Reset Device control function

control function

~ Y U5 >

Clear Input Buffer

3.2.3.2.% There 1s onz Write acdress function and one Read address |”ﬂLC1Jﬂ
not used by the TRPA2S. These are interpreted as illegal addresses
and, should the micro-processor attempt to execute cone of these
when the Column Address is pointing to the IRPASG, the Command
Reject flag will set tc indicate an error condition.

.

3.2.3.2.6 Control of lnbound Data Transfers is as follows: The peripheral

device will raise the Input Data Available line for each character,

as it becomes availshle. The leading edge of this sigrnal is

detected and the CPU Dota Request FF is set to signal the micro-
processor that data is availabie. When the micro-processor
executes a Read Input Data micro-instruction, the CPU Data
Request FF will reset and the MFCU Data Reguest FF will set.

The MFCU Data Request signal will cause the peripheral davice
buffer to shift one charscier and, when the new character is
stable, the device will again raise the Input Data Available
Tine. This seguence will continue until ail 96 charactars are
transferred or until the micro-nrocessor executes a Clear Input

s

Buffer control function. Refer to Timing Diagram 3.2.1.

3.2.3.2.7 CGonirol of Qutbound Data Trensfers is as folicws: The peripheral
device will raise the Qutput Buffer Available line as it becomes

]

ready to receive cach cutput cheracter.  The leading edoe of this
signal 15 detected and used fo sat the CPU Dota Re

que
the micro-processory responds by Teading the Punch reqistarg the

dovien will accent
GOVTOR v TCCEDY

- R N o~ SR B R G, A T N - Ty
deta and again raise the Gutput Buffer Aveilable Tine. This
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senvance will continue until 96 cheracieors hove been transferr
or the micre-processor exechies o new Start 170 {Teed) control

function, Reter to Timing Diagram 3.2.2.

IRPASE Control Board
The 1TERASH Control Board contains the Input Multiplexer, the Data

Check Togic, Adapter Status logic, and the Peripheral Device

P

The Input Multiplexer selects the information specified by the

ed,

I/0 Row Address and, 1T it is a Read operation, the output drivers

are enabled, placing the information on the I/0 micro-bus.- The
v

selected information is one of the following:

1) Input Data (sourced from the input converter)

2) Punch Data (sourced from the cutput date Tines)

3) Command Byte (sourced from the Command register)

4}  Status (Attention, Busy, Device End, Unit Check,
Request In)

5} Sepse 1 (Command Reject, Intervention, Data Check,

ot Ready, Upper Input Check, Lower Input
Check, Output Check, Stacker full, Lower
Hopper Empty, Upper Hopper Empty, CPU Da
Request)

6) Sanse 2 (Input Data Available, CQutput Buffer
Available, Print Buffer Available, Card

In Lover Read Wait Station, Card In Lower

Pre-punch Waii Station, Ready for Upper
Command, Ready for Lowey Command, [nd of
File, Punch Data Check, Read Data Check)

The Active FF is set if the peripherst device is “Ready" and

the micro-processor exccutes a Start 1/0 to the IRPAOG. It is

P

reset by a Halt T/0. hen the Active FF is reset, all service
reguasts are dnhibiled except "Atiention". Alsc, all date

N

Tyene Tovs hoeteoon the 1RPASO and iho peripheral dovice arce

. % [P R B T NS B
, a1l contral ?bucL:an; and data transters
e N ¢ PR I TP R
a8 and the micro-procossar are allowed in orday
to ovrovide Tor dieomessiion, adaptor tooting, and 1/0 inttiation/



2.3.3.4

e

™2

[
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2

[#5
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3.2.3.3.7

a Start T/0
This flip flop provides the Teed Request

,«
o
—
ol
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Oy
=
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O
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T the paripher

W.i l l (_3{'5t {538 [ ":‘"7.

sional to the peripheral device Lo begin a new card cycle. A
Start 1/0 must bo executed foy each cord. The Fead FF is reset

-

by the Input Buffer Full or Uutput Buffer Available signals.

The Busy FF denntes that z peripneral device card cycle is in
process. It is set by the Food Reguest signal and is reset by
a lalt 170 or by the trailing edge of the Ready for Command

signal.
The neripheral device raises the Ready line if it is on-line
and there are ng error conditions. If this line is true, the
Ready Latch will be set, If it is false, the Ready latch will
ke reset.

.
The leading edye of the Ready latch is detected and is used
to set the Attention FF. The Attention FF is reset by the Clear
Status conirol function. The Attention signal raises the Service
R:qae Tine 1o signal the micro-processor that the peripheral

device is On-Ling and ready for use.

| '

is set by the trailing edge of the Busy signal,

The Doevice Ena

FF
or by the leading edge of the Ready 1atch. It is reset by the

J

Clear Status control function. The Device End signel denotes
that the peripherel device has completed its card cycle and is
aviilehle for a new Fecd Commznd or, in combination with the
Attention signal, that the device has come on-linz and is ready

Tor usc.

The Deta Check sigral will go trus during a Read opera tion, if

the peripheral device catects a read ervor. It will go true
during a Punch operaticn, if the poripheral device detects a
differeonce botuesn the pusch data and tha data read at the Post-

Punch Resd stcebion.



3.2

T

3. 10

set by oon illegal Reod or Write

alse be sel by the Start I/0 i1 one or
move of the following condtions exist: The Command register
containg an 1llegal command, ov upner hopper is sclected and the
device s not Resdy for Upper Command, or upper hopper is not
selectad and the device 15 not Ready for Lower Command, or the
device is busy, or the device is not vezdy. The Command Reject
['f is reset by the Clear Status control function.

r

st Tine provides the iRPASG with the capability

to signal the micro-processur that service 1s requived. This

Tine is raised by setiing the Attention FF. Also, if the
Active FF is set, this line will be raised by setting of the
CPU lizta Reauest FF, Device End FF. Comnand Reject FF, Data

Check signal, both hoppers empty, or by the Ready Tatch being

= "

resot, .
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3.3.3

3.2

3.2

3.3.3.1

o0

[E%]

[¥5]

™

r‘JI'n:-' \tn

FTLGRATES LINE PRIBTER ADAPTER (ILPA)

The ILPA is the Integrated Adapter/Controller which contains the

hardware interface and contral legic required to operate Data
Products Models 2440 and 2470 Line Printers.

DEVICE DESCRIPTION

Tha lodel 2440/2470 Line Printers contain the.clectronics and
mechanical parts reguired to print Tines of 132 characters on
multipie par£ fanfold paper and advance the paper to the next

1ine to be printed. The control Togic required to operate the
mochanism electronics and a 132 chavacter buffer register are
included. The printing speed (with the standard 64 characters)

is 1200 LPM with &8 characters per 11._; or 670 LPit with the full
132 characters per line. The interface to these printers is DTL/TIL

compatible.

JLPA DESCRIPTION

The Integrated Line Printer Adapter logic is contained on two
plug-in boards. This Togic is divided between a "Register”

board and a "Control" board. The TLPA interfaces to the micro-
processor via the I/0 micro-bus, the row and column address 1iies
the read/write control lines, and the service request line. for
additicnal information on the 1/0 interface, refer to Section 2.0
ILTA Begister Board .

The 1LPA Register Board contains the Cosmand Register, Invalid
Comnand Detection Logic, Print Data Register, Data Transfer Centrol
Logic, Vertical Formet Contrvel Logic, and the Peripheral Device

Status Logic. Refer o Legic Diagrem ILPA or Block Hiagram 3.3.2.



3.3.3.2.2

| 8
.
i

cnmand Reoisier i £ bhits in tength. During the I/0

initiction procedire, the micro-processor fetches the commiand
byte from the SI0 instruction and leads it into this register.

The command byte is then available to the micro-processor for

testing snd, novmally, will reisain in this register for the
duration of one 1/0 operation. The bits in this register corres-

pond o bits & through 15 of the micro-bus and their meanings

are assigned as follow

2]

9 10_1.{1.]”%&—‘ :!—:‘{i _]‘,4,“ wl‘g_? (LSB)

—_—
o § s I

{ i

1 LW...V,.,_"- Wirite (Print)

! e @i el Used only for Invalid
i

e Sepse Command Detection Logic

b e estr e o e meememe. Y EVETCAT Fovrmat

Y

b e Yoy Uical Fovimat

e i e o

e e VPt ical Format

l._..‘-_m.\ e e e Y@PETCAT FOVYmat

[ B~ %)

e e oo e 2t e e s e Vertical Format
Each of the Verticel Format Control Codes required for these

lTine printers is one less, in binery velug, than the corres-
ponding codes used in standard software. The vertical format

bits from the command register outnuts eve applied to VF code
decrenent Togic which decrements the binary value, thus correcting

this discrepancy. The outpus of this Togic are available to

he LP Data Hultiplexor.



L)
(&%

Lo

™2

[V

3.3.3.2.4

3.2,

nd Detection Togic tests the four least signifi-

cant bits of the command vegister. Three of the sixteen possible
combrinations will he seinsed as an fnvalid command. These are:

1. 0000 Invalid

2. 1000 Transier in Channel

3. 1100 Read Baciward

The invalid compvand term is one of the inpufs to the command
reject legic on the control board. However, the invalid command
term will not cause a "Command Reject™ to occur uniess it is
present when tha micro-processor issues an "Execute Yertical

Forimat" contyrol function.

The Print Data Register is a single character buffer for the

rint data. It is 8 bits in length, énd they correspond to

hits & througn 15 of the micro-bus. The outputs eof this register
are muliiplexad with the vertical format tinas of the command
reqister.  The contenis of one of the registers is always present
on the LP data Tines te the peripharal device. This resultant

data is also available to the Input HMultiplexor, thus providing

the capability for diagnostic testing of the data path.

Control of Data Trunsfers is os follows. The peripheral device

t its buffer is ready for

[a3]

raices the demand line to signal th
a crhavecter. The demand line sets the CPU Data Reguest FF.
The micro-processor will respond by leading a character into

the orint dala vecister. The lToad print data strobe resetls

the CPU Data Recuost FF oand sets the duia strebe latch.  The
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]

date stroebe signals fne neriphers] device that the charscter is
on the L daca lines. The device Joads the characler inteo its
butfer and again raises the demand line. This seousnce is
repeated until alt characters fovr one printer line have been
transferred, or an "Execute Vertical Forimat" control function
is issued. (Refer to Timing Diagram 3.3.1.)

3.3.3.2.6  Vertical Format contral of the peripheral device is accomnlished

as follows., The micro-processor issues an "Execute Vertical
Format” cohtrol function to the TLPA, This sets the Yertical
Format FF which, in turn, switches the LP Multiplexor and raises
the Vertical Format Control Tine. This 1ine signals the peripheral
device that the character on the LP Data Lines is a Vertical
Format Centrol chavracter from the com;and register. The actual
character trensfer follows the same sequence as that described
in Paragraph 3.3.3.2.5. The peripheral device stores the
Vertical Formal Control character but completes the printing
of all data characters previously received, prior to acting
upon the control character.

3.3.3.2.7 The Busy signal denotes that the peripheral device 1s in the
orocess of either printing a Tine of characters, or moving
the paper under Vertical Format Conirol. The Busy signal
is TRUE if the demand Jatch is set, or the VYerticel Format FF

is set.



3.3.3.3

The Reedy Taich is sel if the peripheral dovice is "Ready™

LN s o

Un-tine." It is reset if either of these 15 not true, or

i the device detects a forms jam, end of forms, or forimat

The lending odge of the Reecdy laten is detected and is used to

set the Attention FF. The Attention TF is reset by the clear

ontrol function., The device end signal denotes that the

wy
—
=1}
ot
s
5]
9]

peripherel device has completed its print and paper advance cvcle
ov, in combinagtion with the attention signal, that the device

has come on~-line and is ready for use.

ILPFA Control Board

The ILPA Control Board centains the write ceniyol decoder, the input

L]

muttiplexor, and the active and command reject FF's,

The I/0 Row Addvess is presented to the write decoder and the

Input Pultipiexor. The Input Multiplexor selects the informa-

tion specified by tha 1/0 Row Address and, if it is a read opera-
tion, the output drives are enabled, placing the information

on the I/0 micreo-bus. The selectad information is one of the
following:

-

{sourced from the LP Data mux.)

1. LP Data
2. Command Byte {sourced from the Command Register.)
3. Status {Attention, Busy, Device End, Unit
Check, Request In) :
4. Sensc (Comnznd Reject, Intervention, Data Check,

Not Ready. Cn-linc, Forms Jam, End of
Forms, Forinat Tape Hiﬁsing, Vertical
Format, Denand., CPU Data Recuest)



3.3.3.3.¢

3.3.3.3.3

3.3.3.3.4

fhe Mrite Decoder is enabled by the I/0 Write Term and, depending

on the row addiess contents, decodes one of the following

register toad or contrael funciion terms.

1. Load Print Data {register load)

2. Load Comnand Dyte (registeé Toad)

3. Start I/0 (control function)

4. Halt 1/0 (controi function)

5. Clear Status (control function)

G. Reset Device (control funciion)

7. [Execute Yertical Format (control function)
Tnere is one wirite address function and four read address

functions not used by the ILPA. Thoese are interpreted as illegal
addresses and should the micro-processor atiempl to execvie one of
tiese when the column address is pointing to the ILPA, the command
reject flag will be set to indicaie an error condition.

The Active FF is set 1 the peripheral device is "Ready" and

the micre-processor issues a Start /0 control function fo the
ILPA. It is resel by tihe Halt I/0 control Tunction. UWhen the
Lotive FF s reset, all service requests are inhibited except
“pitention.”™ Also, all deta transfers belween the ILPA and the
peripheral device are inhibited. However, all control functions

and data transfers between the TLPA and the micro-processer are



Lo
(8]
£r

(4]

aliowed dn order to provide for diagnestics, adepter testing, and

/0 iritiation/terwination proceduyes.

The Command Reject 78 will be set by an i1legal read or write row

T

address. It will also ke set by an "Execute Vﬂtb1cgl Format" control
function 17 it occurs vwhen the command register contains an jnvalid
corpaand, or by a "Lead Print Deta" iF this dccurs when the peri-
pheral devjce is eithor busy or not ready. The Commnond Reject

FF is veset by the clear status control function. The command
reject signal inhibits the CPU data reguest logic, and sionals

the micro-processor that an operational ervor condition exists.

The Service Request line provides the ILPA with the capability

to signal the micro-processor that service is reqguired. This
Tine is raised by setting the Attention FF. Also, if the Active
FF is set, this Tine will be vaised by setling of the CPU Data
Request FF, Navice ind FF, Command Reject FF or by the ready

tatch being reset.
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3.4.7

3.4.2

The censole adapler provides the interlace Lolween the main processor
end Lhe consele CRT Dispiey Terminal. The console is the means by

which the operator can control the operation of the CPU.

DEVICE COMFIGURATION

he adapter will interface with a CRT Terminal at a speed of 9600
BPS or a 1240 Terminal at a speed of 1200 BPS.
THEGRY OF GPERATION
The conscie adapter receives all cata and command and transmits date
and status from and to the CPU via the 1/0 micro-bus. The adapter
receives characters 7Tor the CPU in parailel and disassembles then
and sends them serial te the console. The console adapter generates

L

.
the bit clocl for receiving and transmitting 10 bit start/stop

]
h]

chiaracroers.

~

e

.

REGISTER USAGE

i

Register Addressing

Address Read \Nrite
0 Data Data
] Status Command

™o

o

ey



Date Nogd
n

Bt

¥

g 1S Data Bit

9 IS

4 &

%

15 LS Data Bit



3.4.5.3  Data MWpite

3 NS Data Bit
&

14 W

15 LS Data Bit
3.4.3.4  Status

0

N

(oS

Lo



3.4.3.40  (Continied)
S iata Set Ready
16 Carricr Detect
11 Clear to Send

12  VRC Ervror

13 Stop Bit Error

3.4.

2

oS

(8]

11 Data Terminal Ready
12 Request to Send

13 Write Reguest

14 FPad

T3 -
15 Broak



3.5

3.5.1

INTEGRATED COMMUNICATIONS ADAPTER

The Integrated Communications Adapter (ICA) is a 16-Tine multiplexed

adapter which transmits and receives information from and to the main

processor via the I/0 micro-bus. The information fiow between the

ICA and the terminals is accomplished by Teased common-carriers

private Tine facilities, common-carrier switched facilities or equivalent

privately owned communications facilities. The ICA is capable of handling

any combination of start/stop (asynchronous) lines at-speeds up to

1200 BPS, binary synchronous 1ines (BSC) at speeds up to 9600 BPS

and data entry keyboard/display at speeds up to 1200 BPS or one 50KB

binary synchronous line. ; P
DEVICE CONFIGURATIONS |

The communication terminals.-that the ICA will support are:

>

Memorex 1240/1280 Communication Terminal at speed of 110 BPS, ?
300 BPS, 150 BPS, 600 BPS, and 1200 BPS.
- IBM 2740 Communication Terminal at 134.5 BPS and 600 BPS.
- IBM 2741 Communication Terminal at a speed of 134.5 BPS.
- Te]et&pewriter Terminal (Model 33/35/37) at speeds of 110 BPS
and 150 BPS.
_= Binary synchronous communications terminals at speeds up to
9600 BPS.
- Data entry keyboard at speeds of 110 BPS, 150 BPS, 300 BPS, -
600 BPS, and 1200 BPS.




T

L

HEuAY G OPERATION
The TCA s aivided up into four blocks. They are the control,

CRC/LRC/character decode, clock and the Tine adaptor.

The control dnterfaces with the 170 micro-bus and the ¥ine adapters.

It also controls the CRC/LRC and charvacter decode. Whencver a line
adenter has status or data, a priority fiag Wil be set. This flag
is codad by the control to indicaie a line adapter address. The
control will then set a request for tne main processor.  The
processor will read the address vegister to determine the line
agapler wddress along with the type of interrupt. Once this is

dctermined the processor will read the data or status register.

When the processor has data or a command for a Jine adapter, the
address is written into the addross register, then the data or
command 1s writien into the appreopriate ling adapter. The CRC/

ctes the biock check characters or
character from the date being sent or received. It alse decodes all

the data link contral characters.
The clock generates all the async bit timing for the LA's.

There are Tour types cf tine adapiers:

- ASyRCIronous

Binary Synchronous
- B0 KB binary synchronous

Fien ey g
- bData tntey

1T th ne oagapuers have LIA intorfaces
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3.2

Bl b o
RAUress

0

7

Write Address
Bit

0 cmd =0

] e 1T =

2 Data Character :

3 Diai bigit =

o

9

10 1S Address Bif

Read

Data/Status

Control Chavracter

Write
Data/cmd

fddress



3.65.3.3  Reed Addrass
3 Date =0 Status = 1

1 sol. status = 0 uhsol. status = 1

1 &

1z

13

14 . o

o

15 LS Address Bit



3.5.3.4.1

Data/Command Word

10 Data/Command

Data Bit Configuraticn
Bit

8 MS Data Bit

9 £
10
11
12

]

4 1

16 1% Dmta Bit



Comaand 1 Bit Condiguration
Bit
1

%
L.

>
vl

4

[

[))

9 Data Terminal Ready
10 Request to Send

11 Reset Sync

12 Write Regquest

13 Call Reguest



14

-

[

Gl 2 BL Configuvanion

EOT Search

Return Unsclicited Status
Return Solicited Status
Clear Link Coimmaind

Qdd/Evrror Parity

Parity
MSE Y *
s
) Character Speed
on |
l_\) r‘ _r
MSB i
. Chavacter Lencth
[ l
[._DL' Vi

3.5.3.4.3.1 Character Speed and Character Lenjth

Character Speed Character Length

0
1200 BPS 1 9 Bits
600 BPS 2 10 Bits
11 Bits

(8]
(a0
by
-
jow)
[Op]
wo

150 BPS
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Bit
{
1

10 i Data/Status

IE! 5

t

!
12 g
_
13 ;
o
{4 |

:
15 §

Data Bit Configuration




dnsolicited Status Bit Configuration

Bt

P}

™o

10
11
12
13

n

ot

Data Set Ready
Cavrier Detect
Clear to Send

VRC tryovr

Stop Bit Ervor
Lost Date

ing

Albanden Call

i D o b
Recuive Breax



Soticited Status Lt Conficuration

w2

10

T
[

Transnarent Mode
Data Terminal Ready
Reguest to Send

FCT Scarch

Synchrenization Search
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3.0.1

V3 )

[

fhe J100 Letector Channel Adopter is ddeatical to the IBM 360/370

ctor Chonnet,  Transfer rate for data is an excess of 60 K BPS

h

wiich is accomplished by the divect access to memory. The adaptor

desion uses the micro sequencer approach.  This means that ail hand
snaking such as raising tag lines, wonitoring Tines and comparing

adaresses is achieved by the hardware.

-

DIVICE CONFIGURATION

hanne? can interfave with:

-—4.
o
(’\

a. Line Printers
1. 5120 Fod 6, 600 LPit Printer

2. 5120 Fod 12, 1200 LPM Printer

ﬂ
3
Ll
2]
w
>

b.  Tape D
1. 3237-1% 800 BPL, 30 KB Contvrolier Drive, T may.
2. 3227-12 1600 BRI, 6G KB Controller Drive, T max,

3. 323721 800 £PI 30 KB Drive, 3 max. w/3237-11

4, 3E3T-22 1000 BPI 60 KB Drive, 3 max. w/3237-17

The adapter has a 24 bit micro contrel word which is used to control
tag and date Tines end sense Tor sequencer status, channel status

Tn ordar to initicte a segronce the main

processor Josds the comnund and address register. IT the seguence
15 a cdatz tronstor, tho processor will Toad
sTer.

registar and word count regil

vl



T i LU S fad Iy '
Tt _—

ooadopoer okaes ovey tren thoveo The next Lime the main processor
geis oo requost Trom the selecteor adapter 1t will mean eitner the
sequence 1 compiote or 11U received bed status from the channel

or the sdenler recoived a tag or bus eyrror.

The processor will read the status register to identify the status.

wencar censists of 250 words by 24 bits of ROM.

ine micro e

[¥a;

3.6.

LA S - T
PR BRANCH

3.6.3.1 Bus Qut

1 Sat Hold Out/Sciect Out .

2  Reset Hotd Gut/Seiect Out

(WS

Set Suppress Qul
4 Resel Suppress Qut

[
)

-

3.6.3.2  Bus On Gating

0 CGate Status to Reg.

i

.

2 Gate Data to Uppar DMA Reg.

DA Reg.




3.6.3.4

3.6.3.%

[%ea}

G

~r . omm
QAL i

Address
Corand

Cate DUA Dava to Bus (Qut Reg.

RUP

Radvess Qut

Service {ut



1 Set Operational Cut

2 PBesst Operational Cut

e

[$x]
—
C
=
-
o

3.6.3.7 Sensge

5 Riddress In

6 Service In

7 Suppress Qut

8  Chaining

9  lrite

10 Operational In

1 Select

pus
—t
ot}

4



I STOT T A
(SR REGTL: 8 RODY

Mrite Read
U Line Address Dut Fine Address In
1 Comgmand Hemory Load Stetus

Pt e RPN - [, LR oA
¢ Pewory Countl Loed Mamoyy Count Read
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LS D

A
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Mem Ado



Pen Count Load/Road

0 S Cournt Bit

&S W Mo

(8]

—t
[ 5]

£S5 Count Bit



LS Status Bit
Initial Selection Seq. Ervor
Incorroct Length TransTerred

Channel Failure

Transwission Checok

Not Usad
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MS Comuand Bit

{
i
i
i
E
|
%
!
!
E
;
|

o

v

cator



[

[}

o

|
i
i
|
i
;
H
1
!
P [P
5 Hot Used
i
|
I
|

LS Address Bit
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