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This publication provides brief functional descriptions of

the various IBM Series/1 Attachment Features and their

associated machine-language programming support. These

attachment features allow the IBM Series/1 user to commu-

nicate with the processor via his own input/output (I/O)
devices. Presently, this publication contains:

Chapter 1, “Introduction,” gives a general description

of the processor input/output (I/O) channel, an intro-

duction to each of the attachment features, and a brief

overview of the channel socket adapter feature, the chan-

nel repowerfeature, and the customeraccess panel.

Chapter 2, “Timer Feature,” describes the timer and in-

cludes data flow within the attachment, I/O commands,

condition codes, and status information.

Chapter 3, ““Teletypewriter Adapter Feature,” describes

the use of this feature with an input or output device.

The topics covered include bit transfer rates, I/O com-

mands, condition codes, and status information.

Chapter 4, “Integrated Digital Input/Output Non-Isolated

Feature,” provides a description of the commands, oper-

ations, condition codes, and status information associated

with this feature.

Chapter 5, “Customer Direct Program Control Adapter

Feature,” describes this feature and provides adapter-

directed commands, device-directed commands, condition

codes, and status information.

Preface

The information in this manualis written for experienced

programmers who use assembler language and whoalso re-

quire a knowledge of machine language. Design engineers/

technicians and programmersdesiring electrical and techni-

cal descriptions of the attachment features should refer to

IBM Series/1 User’s Attachment Manual, GA34-0033.

Prerequisite Publications

IBM Series/1 Model 3 4953 Processor and Processor Fea-

tures Description, GA34-0022

IBM Series/1 Model 5 4955 Processor and Processor Fea-

tures Description, GA34-0021

Related Publications

IBM Series/1 System Summary, GA34-0035
IBM Series/1 User’s Attachment Manual, GA34-0033
IBM Series/1 Installation Manual—Physical Planning,

GA34-0029
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The IBM Series/1 provides attachment features which allow

the user to attach unique input/output (I/O) devices and
equipment to an IBM 4953 or 4955 Processor. These attach-

ment features communicate directly with the processor via

the processor I/O channel.
The following attachment features have distinct I/O

functions:

I. Timer feature

2. Teletypewriter adapter feature

3. Integrated digital I/O non-isolated feature

 

 

   
  

Chapter 1. Introduction

The customer direct program control (DPC) adapter fea-

ture has generalized I/O functions and connects any user

device that is compatible with the signal lines provided.

Two other features, the channel repowerand the channel

socket adapter, are physical extensions of the processor I/O

channel. Because they have no programmingconsiderations,

these two features are mentioned only briefly in the next

section of this manual.

The customeraccess panel feature provides an assembly

for mounting optional, quick-disconnect connectors for I/O

equipment. Figure 1-1 shows the relationship of the user

attachments to the processor I/O channel.
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Figure 1-1. Relationship of user attachments to the processor I/O channel
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Processor I/O Channel

The processor I/O channel provides a link between the I/O
devices and the processor. The I/O devices are attached to

the channel by an attachmentcard (feature). Up to 256 de-

vices can be addressed by the channel.

The processor I/O channel supports the following basic

operations:

e Direct program control (DPC) operations. During a DPC

operation, an immediate data transfer is made between

main storage and the device for each Operate I/O instruc-

tion. The data may consist of one byte or one word. The

operation may or may not terminate with an interrupt.

e Cycle steal operations. The user attachment features are

designed to perform only direct program control (DPC)

operations. Refer to the applicable IBM Series/1 proces-
sor documentlisted in the “Preface” for an explanation

of cycle-steal operations.

e IJnterrupt servicing. Four preemptive priority-interrupt

levels are available to facilitate device service. The device-

interrupt level is assignable by the program.In addition,

the device-interrupt capability can be masked under pro-

gram control.

e Initial program load (IPL) operations. During an IPL

operation, a record consisting of initial instructions for

the processoris read into storage from either a local I/O

device or from a host system.

The channel provides comprehensive error checking includ-

ing timeouts, sequence checking, and parity checking. Re-

porting of errors, exceptions, and status is accomplished by

(1) recording condition codes in the processor during exec-

ution of operate-I/O instructions, and (2) recording condi-

tion codes and an interrupt information byte (IIB) in the

processor during interrupt acceptance. Additional status

words may be used bythe device as necessary to describeits

Status.

The I/O channel is asynchronous (no timingrestrictions

are inherent in the architecture) and multidropped. Except

in cases where timeout conditions are used for error detec-

tion, each sequential action is triggered by the response

from a given I/O device rather than by a specified timing

condition.

All of the I/O channel signal lines are transistor-transistor

level (TTL) compatible. This allows the user to attach a

wide variety of I/O devices having various speeds and delays.

The two features that connect directly to the channel

and have no machine-code programming considerationsare:

1. Channel socket adapter feature—this feature consists of

an IBM printed-circuit card that plugs into the backpanel

of the processor unit or the I/O expansion unit. An in-
dustry standard connector on the IBM printed-circuit

card accepts the user’s I/O adapter card. For further in-

formation, see JBM Series/1 User’s Attachment Features

Manual, GA34-0033.
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2. Channel repower feature—this feature is a logic card

that repowersandisolates the channel signal lines. This

card must be installed as the last series element on the

channel. For further information, see [BM Series/1
User’s Attachment Manual, GA34-0033.

Customer Access Panel

The customer access panel feature provides an assembly for

mounting optional, quick-disconnect type connectors for

I/O equipment. The assembly can accommodateonetimer

connector, one teletypewriter connector, and up to four

connectors for either the integrated digital input/output

feature, or the customer direct program control feature.

The assembly mountsto the standard rack mounting

screw holes at the rear of the enclosure frame. The other

attachment features are discussed in the following sections.

Timer Feature

The timer feature is a printed-circuit card which has two

separately addressable 16-bit timers each of which can gen-

erate periodic or aperiodic interrupts with or without con-

trol signals from the user’s device. External timebase and

gating signals can be user-supplied via connectors (jumpers)

on the feature card.

In addition to operating as an interval timer or pulse

counter, each timer can operate as a self-contained pulse-

duration counter with end-interrupt.

Teletypewriter Adapter Feature

The teletypewriter adapter feature is a printed-circuit card

which provides circuitry for attaching a serial I/O device to

the processor I/O channel. This adapter is primarily designed

for Teletype* Models ASR33, KSR33, and ASR35; however,

any serial-by-bit I/O device that meets the interface require-

ments of the adapter can be attached. The adapter is capable

of performing full duplex operations and initial program

load (IPL).

Three attachmentoptions are available: (1) TTL compat-

ible, (2) Electronic Industries Association (EIA) RS232-C

signal level equivalent, and (3) contact sense (isolated and

non-isolated). These options are selectable by jumper wires

or by using the card-connectorpins.

The jumper-wire selectable device bit rates are:

SO. 150 1200

75 200 2400

100 300 4800

110 600 9600

 
*Trademark of Teletype Corporation



Integrated Digital Input/Output
Non-Isolated Feature

The integrated digital I/O feature printed-circuit card
contains:

e Two 16-point groups of non-isolated digital input/process

interrupt (DI/PI)
e Two 16-point groups of non-isolated digital output (DO)

Each group of DI/PI and DO haveready and synclines

for synchronizing their operations with the attached devices.

The digital points for each group and their associated ready

and synclines are available at three card connectors.

Customer Direct Program Control Adapter

The customerdirect program control adapter feature

printed-circuit card provides a convenient meansofattach-

ing I/O devices and subsystems to the processor. The adapt-

er is designed to perform direct program control (DPC)

functions only; cycle-steal operations cannot be performed.

The feature card can be configured to accommodate 4, 8, or

16 I/O device addresses. The adapter allows for interrupt
vectoring of 16 interrupt sources.

User attachment is through three card connectors. There

are 75 signal lines: 18 data bus out, 18 data busin, 16 inter-

rupt request in, 3 function bits, 4 modifier bits, 4 device

address bits, and 12 control and responselines. The data

flow is always 16 bits without parity option or 18 bits with

parity option (2 parity bits).

Introduction 1-3
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This chapter provides a functional description of and

machine-level programming information for the Timer User

Attachment Feature card (referred to as the timer feature).

Examples of timer feature applications along with the chron-

ological steps required to effect each application are pre-

sented at the end of this chapter.

Functional Description
The timer feature has two separately addressable 16-bit

timers on one attachment card (Figure 2-1). Each timer can

be used as (1) an interval timer, (2) a pulse counter,or (3)

a pulse duration counter. (See “Application Examples”’ at

the end of this chapter for moredetails of these uses.)

Chapter 2. Timer Feature

Each timer has a 16-bit auto-load register that can be set

by program control. This register automatically reloads the

timer when the timer has counted past zero. This reloading

provides the capability of generating periodic interrupts on

65,536 possible base values of the timer without program

intervention.
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Figure 2-1. Timer feature block diagram
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Each timer has amode register that selects one of four

standard internal timebases or a single external timebase.

The four standard timebases are 1, 5, 25, and 50 micro-

seconds. The external timebase, provided by the user, can be

equal to or greater than 1 microsecond (less than 1000 kHz)

with the filter inactive. Worst case is 20 microseconds with

the filter active.

External Signal Lines

As shownin Figure 2-1, each timer has four external signal

lines for user attachments. These signal lines permit control

of the timer by a user-provided timebase and gate. The

signal lines are described in the following sections.

Customer Clock

The customerclock line allows input for a user-supplied

clock or a random pulse train.

2-2 GA34-0031

External Gate

The external gate line provides input for the user-supplied

gate signal. The signal and line are only effective when the

external gate control is enabled.

Run

The run line carries the output signal that indicates the

timer is in the run state. The primary purpose ofthe signal

is to provide state synchronization of the external gate cycle.

The run signal becomesactive with a Start Timer command

and remains active until either a Stop Timer commandis

accepted, or the external gate signal becomesinactive, or a

halt/reset occurs. (These commandsandresets are discussed

in the “Programming Information”section of this chapter.)

External Gate Enable

The external gate enable line carries the signal that indicates

the external gate has been enabled through bit 15 of the Set

Timer Mode command.



 

Programming Information

Operate I/O

Communication between the processor and the timer attach-

ment is initiated by the processor. All timer functions (con-

trol, read) must be initiated with an Operate I/O instruction.

Operate I/O instruction
 

        

R2 Address

011 0%1;0 0 0 *i1 1 0 0

0 4 § 7 8 1011 12 15 16 31

Effective

address
 

J

IDCB (immediate device control block)
 

 

Commandfield Device address field Immediate data field 7]

    
0 7 & 15 16

* Indirect addressing bit

R
y

b
e

The address field (bits 16—31) and the contentsof the

register specified in the R2 field (bits 8—10) of the Operate
I/O instruction generate an effective address that points to

a main-storage location containing an immediate device

control block (IDCB). IDCBs are doubleword blocks of
storage reserved by programsfor storage of device-directed

commands.

Addressing

Either timer on the attachment card can be addressed by

the 8-bit address field in the IDCB (bits 8—15).

IDCB (immediate device control block)

Commandfield Device address field

X X X KX X X XK X

& IS
_

O0O—FF

 

    

 

Immediate data field
 

  
16 31
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Bits 8—14 address the attachment card. Individual timer

addressesare selected at installation time. These addresses

are programmedon the cardsbyfield-installable connectors

(jumpers). These jumpers allow any 7-bit address (using
bits 8—14) to be selected.

Bit 15 of the IDCB selects one of the two timers on the

attachmentcard. If bit 15 is 0, timer O is selected. If bit 15

is 1, timer 1 is selected. The status of bit 15 is program

dependent. There is no jumper on the attachmentcard for

bit 15.

Commands

As shown below, IDCB command-field bits O—7 define the

various control and read functions issued to the timer by

the processor. The specific commandsare described in the

following sections. Refer to the “Status Information”

section of this chapter for an explanation of the condition

codes reported for each command.

IDCB (immediate device control block)

Commandfield Device address field Immediate data field MS
 

   
 

012 3 4 7 8 15 16 31

   
Chan R/W Function Modifier Hex Specific command

0 1 10 Control 0000 60 Prepare’

0) 1 10 Control 0100 64 Set timer period andinitial value

0 l 10 Control 0101 65 Set timer mode

0 1 10 Control 0110 66 Start timer periodic

0 ] 10 Control O111 67 Start timer aperiodic

0 1 10 Control 1110 6k Stop timer

0 1 10 Control L111 6F Device reset

0 0 10 Readstatus 0000 20 Read ID

0 0 10 Read status 0100 24 Read timer value

0 0 10 Read status 0101 25 Read timer mode

2-4 GA34-0031

 



Prepare

IDCB (immediate device control block)

Commandfield Device address field

0110000 0;X X KX X XK K K X

0 7 8 I5
Se, Se,

60 OO—FF

 

    

 
Immediate data field
 

   Zeros | Level | I
16 26 27 30 31

Bits Level Bit

27-30 3]

0000 0 0 = interrupts not allowed

0001 1
0010 2 1 = interrupts allowed

0011 3

The Prepare commandloadsthe interrupt level and I bit

into the prepare register located on the attachmentcard.

Both timers share one prepare register and are prepared

simultaneously by the one Prepare command. The device-

address field (bits 8—15) in the IDCB can indicate either

timer.

The I bit (bit 31) determinesif the timer can report an

I/O interrupt. If the I bit equals 0, I/O interrupts arenot
reported. If the I bit equals 1, I/O interrupts are reported.

The timer reports I/O interrupts on the interruptlevels

determined by bits 27—30. Level 0 is the highest priority

level; level 3 is the lowest.

Condition code 1 (busy) is not reported for the Prepare

command,and if condition code 5 (interface data check)is

reported, the command wasnotsuccessfully executed.

Set-Timer-Period and Initial-Value

IDCB (immediate device control block)

Commandfield Device address field

011001 0 0{X X KX X X XK X X

O 7 8 i)
reetl “~_

64 OO—FF

 

    

 

Immediate data field

X X X X X X X X X KX X OX OX OX OX OX

16 31
0000—FFFF

 

   

The Set-Timer-Period and Initial-Value command loads

bits 16—31 of the IDCBinto the auto-load register of the

addressed timer. The data in the auto-load register is then

loaded into the timer. This 16-bit value is user selected and

can be any value from 0 to 65,536 (OQOOO—FFFFhex). This

value, in conjunction with the timebase selected by the Set

Timer Mode command,establishes the time interval for

device-end interrupts. (See “I/O Interrupt” in this chapter.)

No interrupt is reported by the timer to the Set-Timer-

Period and Initial-Value command.If either condition

code 1 (busy) or 5 (interface data check) is reported, the

command wasnotsuccessfully executed.

Set Timer Mode

IDCB (immediate device control block)
 

    
Commandfield Device address field

0110031 0i317K KX X X XK XK OX

0 7 8 1S
  

65 00—FF

 

Immediate data field

Zeros |X X X{|X
16 27 28. 3031.

Oar e eens
eee et atete

 

   
eletetetetetotatetetatet.” ”

cere eteteteterntetete se aaa ater e
a steretotetetereessaes twee

eo orererereretetocn ese
140 tet eteteretotetersters *

eee et at eretetarereree eestecar ee

waver ec ecere
OOOorateracetare   

 

   
Bits Time base Frequency Bit

28-30 (microseconds) (kHz) 31

000 50 20 0 = external gate

010 25 40 not enabled

100 5 200 1 = external gate
110 1 1000 enabled

xxl user selected time base

The SetTimer Mode commandloadsbits 16—31 of the IDCB

into the moderegister for the addressed timer. The desired

timebase can be selected by bits 28—30; for example,if

bits 28—30 are set to 010, the timer counts once every 25

microsecondsat a frequency of 40,000 cycles per second.If

the user-selected timebaseis specified, (bits 28—30set to

XX1), any external timebase greater than 1 microsecond

(less than 1000 kHz) for TTL input or 20 microseconds
(worse case) for filtered TTL can be supplied to the timer.
The timebase selected, in conjunction with the value used

in the Set-Timer-Period and Initial-Value command,estab- —
lishes the time interval for device-end interrupts. (See “I/O

Interrupt” in this chapter.)
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Bit 31 allows the user to provide an external gate to the

timer. Whenthis gate is enabled and activated by the user,

the timer counts with the selected timebase. Whenthe ex-

ternal gate is deactivated, the timer stops. No interruptis

reported by the timer for the Set Timer Mode command.If

either condition code 1 (busy) or 5 (interface data check)is

reported, the command wasnot successfully executed.

Start Timer, Periodic

Asdescribed below, the timer response to the Start Timer,

Periodic commandis dependent uponthestate of the ex-

ternal gate control lines.

IDCB (immediate device control block)

Commandfield Device address field

013100311 0;XK X X XK XK XK K X

0 7 8 I5
EEE EEE,

66 00—FF

 

    

 

Immediate data field
 

  Zeros

16 31
 

External Gate Not Enabled

With the external gate not enabled, the addressed timer is

set to run state and is started. When the timer decrements

from zero to minus 1 (timerreceives a pulse after it has

reached zero), a device-end interrupt is reported and the

value of the auto-load register is set into the timer. Any

selected timebase can beused.If either condition code

1 (busy) or 5 (interface data check)is reported, the com-

mand was not successfully executed.

External Gate Enabled

If the external gate is enabled, the addressed timeris set to

run State, but is not started. The timer starts when the ex-

ternal gate becomesactive after receipt of the Start Timer,

Periodic command. Whenthe timer decrements from zero

to minus 1, a device-end interrupt is reported and the value

of the auto-load register is set into thetimer. When the ex-

ternal gate becomesinactive, the timer stops, the run state

is reset, and an interrupt is reported. (See “Condition Codes
Reported for an I/O Interrupt”in this chapter.) If either
condition code 1 (busy) or 5 (interface data check) is report-

ed, the command wasnotsuccessfully executed.

Start Timer, Aperiodic

As described below,the timer response to the Start Timer,

Aperiodic commandis dependent upon the state of the ex-

ternal gate control lines.

2-6 GA34-0031

IDCB (immediate device control block)
 

Commandfield Device address field

   0110011 1;X¥ X X KX XK K X XK
 

O 7 8 IS
ee Se,

67 OO—FF

 

Immediate data field
 

  Zeros

16 31
 

External Gate Not Enabled

Whenthe external gate is not enabled, the addressed timer

is set to run state and is started. When the timeris decre-

mented from zero to minus 1, a device-end interruptis re-

ported. However, unlike the Start Timer, Periodic com-

mand, the value of the auto-load register is not set into the

timer. In this instance, the time period for the first device-

end interrupt depends on theinitial value set in the timer

and the timebase selected. The time period for subsequent

device-end interrupts depends on the timer maximum value

and the timebase selected. Any selected timebase can be used.

If either condition code 1 (busy) or 5 (interface data check)

is reported, the command wasnot successfully executed.

External Gate Enabled

If the external gate is enabled, the addressed timeris set to

run state, but is not started. The timer starts when the ex-

ternal gate becomesactive after receipt of the Start Timer,

Aperiodic command. When the timer is decremented from

zero to minus1, a device-end interrupt is reported. However,

unlike the Start Timer, Periodic command,the value of the

auto-load register is not set into the timer. When the exter-

nal gate becomesinactive, the timer stops, the run state is

reset, and an interruptis reported. (See “Condition Codes

Reported for an I/O Interrupt”in this chapter.) If either

condition code 1 (busy) or 5 (interface data check) is report-

ed, the command wasnotsuccessfully executed.

Stop Timer

IDCB (immediate device control block)
 

Commandfield Device address field

   0110111 0jX KX X KX X XK X X
 

O 7 8 15
~Saue, A

6E OO—FF

 

Immediate data field
 

  Zeros
 

16 31



The Stop Timer commandcausesthe addressed timer to

stop and the timer run state to reset. Also, any residual

interrupts detected are reset. (A residual interrupt is caused

by either (1) a pulsing of the timer, or (2) the dropping of
the external gate, just after the timer has madea decision to

accept and execute the Stop Timer command.) If the timer

has an interrupt pending, condition code 1 (busy) is report-

ed and the commandwasnotsuccessfully executed.If

condition code 5 (interface data check) is reported, the
command wasnot successfully executed.

Device Reset

IDCB Gmmediate device control block)

Commandfield Device address field

0O110%i1%1%1%41{,X X X X KX XK X X

0 7 8 15
ee, ee,

6F O0—FF

 

   
 

 

Immediate data field
 

 Zeros

16 31
 
 

The Device Reset commandstops the addressed timer and

resets the timer run state. The moderegister and any pend-

ing or residual interrupts for the addressed timerarereset.

However, the timer and auto-load registers are notreset.

Condition codes 1 (busy) and 5 (interface data check) are

not reported to this command.

Halt I/O

The timer feature responds to the channel-directed Halt I/O

commandby resetting the moderegister, all pending inter-

rupts, and the timer run status (see “Status After Resets”in

this chapter).

 

   
 

Read ID

IDCB (immediate device control block)

Commandfield Device address field

0010000 0I1LXK KX XK K XK XK K X

O 7 8 15
ee,A

20 0O0—FF

 

Immediate data field
 

 Zeros

16 31
 
 

The Read ID (identification) command causes the ID word

from the addressed timer to be loadedinto bits 16—31 of

the IDCB. The timer ID word is 0028 (hex). No interruptis

reported by the timer to this command. The device identi-

fication word contains a unique identification code and

physical information about the device and can be used to

determine the devices that are attached to the system. Con-

dition code 1 (busy) is not reported. If condition code 5

(interface data check) is reported, the command was not

successfully executed.

Read Timer Value

IDCB (immediate device control block)
 

Command field Device address field

0010010 0]K KX X K K XK K X

0 7 8 1S
aEZ

24 00—FF

   
 

 

Immediate data field
 

  Zeros

16 - 31
 

The Read Timer Value command causes the value of the

addressed timer to be loaded into bits 16—31 of the IDCB.

Nointerrupt is reported by the timer to this command. Con-

dition code 1 (busy) is not reported. If condition code 5
(interface data check) is reported, the command wasnot
successfully executed.

Read Timer Mode

IDCB (immediate device control block)

Commandfield Device address field

001001 0%1i1;X X X X X X X x

0 7 8 IS

25 00—FF

 

   
 

 

Immediate data field
 

  Zeros

16 31
 

The Read Timer Mode commandcausesthe value of the

moderegister in the addressed timer to be loadedinto bits

16—31 of the IDCBin the same format as specified by the

Set Timer Mode command. Nointerrupt is reported by the

timer to this command. Condition code 1 (busy)is not re-

ported. If condition code 5 (interface data check)is report-

ed, the commandwasnotsuccessfully executed.
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Status Information

Condition codes containing the status of the I/O operation

are reported to the processor. These codesare explained in

the following sections.

_ Condition Codes Reported for an

Operate I/O Instruction

The following condition codesare reported during an

Operate I/O instruction.

Condition

code Meaning

0 Device not attached—reported if the timer

feature is addressed butis not installed on

the system.

1 Busy—reported when the timer is unable to

execute a commandbecauseit is in the busy

state. A timer is in the busy state when the

timer is in the run state or in an interrupt-

pendingstate.

2 Not reported

3 Command reject—reported if the command

issued is outside the defined commandset

for the timer feature.

4 Not reported

5 Interface data check—reportedif a parity

error occurs on the data bus during data

transfer.

6 Not reported

7 Satisfactory—reported when a commandis

accepted.

I/O Interrupt

The timer feature initiates an I/O interruptif theI bit (bit
31 of the IDCB) in the prepare register was set to 1 by the
Prepare command.

When the timer is decremented from zero to minus I, a

device-end interrupt is reported. The timebase selected and

_ the initial value set in the timer establish the time intervals

for device-end interrupts. The relationship of these valuesis:

B(V+1) = T

where

B = timebase selected by the Set Timer Mode

command(decimal).

V = value set into the timer by the Set-Timer-

Period and Initial-Value command.

T = time interval of device-end interrupts

(decimal).
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The constant 1 is added to the value V because device-

end interrupts are not reported until the timer has been

pulsed once moreafter the count has reached zero.

Example: The user wants device-end interrupts reported

every 100 microsecondsandelects to use a timebase of 5

microseconds. Using the formula B(V+1) = T, the value to

be set into the timer by a Set-Timer-Period and Initial-Value

commandis 13 (hex).

_lVFS 1

100
vel

V=20-1

V = 19 (decimal) : 13 (hex)

The time interval of the first device-end interrupt report-

ed after the timer accepts a start command,or the external

gate becomesactive, may vary by as muchasthe value of

the timebase selected. This variance is due to the asynchro-

nous condition between the internal free-running oscillator

or external-user clock, and the program setting of the timer

run state or the activation of the external gate. This time

variance occurs only whenthe timeris started.

The condition code reported during interrupt acceptance

defines the interrupt.



Condition Codes Reported for an I/O Interrupt

The following condition codesare reported for an I/O

interrupt.

Condition

code Meaning

0 Not reported

1 Not reported

2 Exception—reported when an overrun has

occurred in the timer. Overrun meansa

device-end interrupt occurs while a previous

device-end interrupt is pending in the timer.

3 Device end—reported when the timeris

decremented from zero to minus 1.

4 Attention—reported when an external gate

cycle ends prior to a device-end interrupt.

Timerrun state is reset.

5 Not reported

6 Attention and exception—reportedif an ex-

ternal gate cycle ends and an overrun condi-

tion is present in the timer. Timer run state

is reset.

7 Attention and device end—reportedif an

external gate cycle ends and device end are

detected at the same time. Timerrun state

is reset.

Status After Resets

The following table lists the resets caused by the various

resetting conditions.

 

Condition Reset

Timer Auto-load Prepare Mode Pending Timer

reg. reg. reg. interrupts run State

Power-onreset X xX X xX X X

(to all 1’s) (to all 1’s)

System reset xX xX X xX

Halt I/O X X X

Device reset Y Y Y 
X = reset in both timers

Y = reset in addressed timer only
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Application Examples

The timer has several applications. The following are ex-

amples of how the timer feature could be used and a typical

application sequence that can be followed.

Interval Timing

To utilize a clock of any arbitrary accuracy or frequency up

to 1000 kHz, the customerclock input can be used, and the

timer modecontrols set to select a customer timebase.

The following steps apply whenthe timer applicationis

an interval timer using an external timebase (customer

clock input):

1. Prepare timer.

2. Set timer period and initial value.

3. Set timer mode (external time base—bit 14 of the IDCB

data wordset to one).

4. Start timer periodic.

The timer starts counting pulses and interrupts when the

timer is decremented from zero to minus 1.

Pulse Counting

For pulse or event counting, the customer clock input can

be used, and the timer mode controls set to select a customer

timebase. The numberof pulses recorded priorto an inter-

rupt being posted is dependent on the valueset into the

timer and the chosen run mode. For example, if the timer

(and thus the auto-load register) were set to all zeros and

the chosen run modewasperiodic, the timer would inter-

rupt on each pulse counted. If under these same conditions,

the timer was set to 100, it would interrupt on every 10Ist

pulse. Pulses are recorded and interrupts generated at the

leading edge of the pulse. Also, except for power-onreset,

every pulse is counted only once even though the timers

could be stopped and started many times during the active

duration of a given pulse. Note that pulse inputs for the

customer clock input can be pulses of very low frequency

or even pulses with a random duty cycle.

The following steps apply when the timer applicationis

a pulse counter using the external customerclock input.

1. Prepare timer 0 to interrupt in internal mode with the

timer base at someprescribed interval; for example,

I second.

2. Load a value into timer 1 that is larger than the number

of expected external pulses.

3. Have timer | set up to receive customerclock (external

timebase) in a periodic mode.
4. Have the interrupts from timer O initiate a Read Timer

1 Value command in the processor. Subtract the present

value of timer 1 from the original value of timer 1.

5. Reload the starting value into timer 1 to repeat the cycle.

Thus, the counts per second of the customerclock can

be read into the processor.
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Pulse Duration Counting

The external gate input can be used for the pulse duration

counting. A standard internal timebase can be used. A clock

of arbitrary accuracy or frequency can also be used and

connected to the customer clock input. The timer mode

controls should be set to arm the external gate and to

select the timebase desired. The measure of the pulse dur-

ation is a function of (1) the initial and end values of the

timer, (2) a known timebase, (3) the type ofinterruptre-

turned, and (4) the run modeused. The user should ensure

that the external gate input is inactive before the timeris

set to run state, or an error in measuring will occur. The

outputs from the timer card are available for this purpose.

For example, assume clock inputs were occurring every

1 microsecondand aninitial value of 1000 wasloaded into

the timer. The external gate input going active causes the

timer to start. When the external gate goes inactive, the

timer stops and an attention interrupt occurs. The timeris

read andit is found to contain a value of 500. Therefore,

the pulse width of the external gate pulse was 500 + 1

microseconds.

The following steps apply whenthe timer application is

a pulse duration counter.

1. Prepare timer.

2. Set timer period andinitial value for a value greater

than the width of the expected pulse.

3. Set timer mode for external gate control (bit 15 of the

IDCB data wordset to one).

4. Start timer.

5. Run state to customerinterface becomesactive.

6. Turning external gate on starts the timer, and it starts

counting.

7. Upon the drop of external gate, the timer stops running

and an attention interrupt is presented to the channel.

Read the timer and subtract present value from original

value. The result is the pulse duration of the external

gate line in terms of the timebaseselected.

8. Reload the starting value into the timer to repeat the

cycle.



This chapter provides a functional description of and

machine-language programming information for the Tele-

typewriter Adapter User Attachment Feature card (referred

to as the teletypewriter adapter in the remainderofthis

chapter). Also included is information on operational

characteristics including (1) data transmission and (2)

transmit and receive operations. This material can be found

at the end of this chapter.

Functional Description
The teletypewriter adapter is an input/output device attach-

ment. This attachment was designed primarily to attach a

teletypewriter I/O device such as a Teletype* Model ASR33,

ASR35, or KSR33. However, the adapter maybe used to

attach other devices that satisfy the interface requirements.

Some of the commercially available devices that can be

attached to this feature include:

Printer - keyboards

Keyboard- display units

Keyboard - display - printer units

Printers

Tape cassettes

Tape units

Card readers

Badge readers

Plotters

Note, The interrupt mask time of the program support

system that is used may preclude operation at the bit rate

required by any of the above devices. Unbuffered devices

whose input is from the keyboard are generally much less

affected by the interrupt mask time of the program support

system. See JBM Series/I User’s Attachment Manual,
GA34-0033, Chapter 4, for details.

Oneofthe following bit-transfer rates can be selected:

Bits per second

50 300
75 600

100 1200
110 2400
150 4800

200 9600

Note. The interrupt mask time of the program support

system may preclude operationat bit rates higher than

110 bps.

 

*Trademark of Teletype Corporation
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Chapter 3. Teletypewriter Adapter Feature

Thebit-transfer rate that the teletypewriter adapter can

accept is selectable at installation time by a field-installable

connector (jumper) on the attachment logic card. The jump-

er can be changedif a different I/O device is attached that

operates at anotherbit-transferrate.
Attachment options betweenthe teletypewriter adapter

and the attached device are also selectable at installation

time by field-installable jumpers on the attachmentlogic

card. These jumpers can be changed to accommodatea

different I/O device if desired. Four input options—isolated

and non-isolated contact sense, TTL, and E[A~—andthree

output options—solid state switch/TTL,current driver, and

EJA—areavailable.

Also, three outputs—solid state switch/TTLfor write

control, solid state switch/TTL for read control, and EIA

data terminal ready—are available to the user. Write control

and read control are controlled by modifier bit 7 in the

Write and Read commands. (See “Write” command and

“Read” commandin this chapter.) The EIA data terminal

ready output is active when poweris applied to thetele-

typewriter adapter.

The teletypewriter adapter supports full duplex opera-

tion. Data can be concurrently transmitted and received

between the teletypewriter adapter and the attached device.

Any of the 256 hex data codes can be transmitted orre-

ceived.

The teletypewriter adapter does not transmit break

characters. Received break characters will appear to the

program support system asa series ofall zero characters

followed by one unpredictable character.

Note. If this feature is in a prepared condition and the

associated TTY unit is powered-off or disconnected from

the line, a continuous stream of interrupts is presented to

the program at the teletypewriter adapter characterrate.

Processing of the interrupts can use too much processor

time which causes the application program to fail. To avoid

this condition, ensure that all devices attached to the

Series/1 via Feature Code #7850 are connected with power

on at all times when the system is operating.
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Programming Information

Initial Program Load (IPL)

The teletypewriter adapter can perform initial program load

(IPL) as either the primary or alternate IPL source. During

installation, this option is selected by a field-installable con-

nector (jumper) on the attachmentlogic card. If Primary is

selected on the attachment card and the IPL Source switch

on the console is in the Primary position, the teletypewriter

adapter is selected to perform the IPL when the Load key

is pressed. If the connectoris installed in the Alternate

position, the IPL Source switch on the console must be in

the Alternate position for the teletypewriter adapter to per-

form IPL.

The IPL record length is 256 bytes andstarts loading

into main storage at location zero. When IPL is completed,

control is turned over to the instruction at main-storage

location zero on interrupt level zero.

Operate I/O Instruction

Communication between the processor and the device attach-

ed to the teletypewriter adapteris initiated by the processor.

All teletypewriter adapter functions (control, write, and

read) must be initiated with Operate I/O instructions stored

in the processor.

 

      
 

Operate I/O instruction Y Indirect addressing bit

Operation code R2 Function Address

0 11 0 140 0 0 1 1 0 0 a

0 4 5 7 8 10 11 12 15 16 31

Effective

address
 

IDCB (immediate device control block)

Command field Device address field Immediate data field o

 

   
 

0 7 8&8 15 16 31

The addressfield (bits 16—31) and the contents of the

register specified in the R2 field (bits 8—10) of the Operate

I/O instruction generate an effective address that points to

a main-storage location containing an immediate device con-

trol block (IDCB). IDCBs are doublewordblocks of storage

reserved by programsfor storage of device-directed com-

mands.

If bit 11 of the instruction (the indirect addressing bit)

is a 1, the effective address address points to a main storage

location containing the address of the IDCB.
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Addressing

The attached device is addressed by the 8-bit addressfield

in the IDCB(bits 8—15).

IDCB (immediate device control block)
 

    

 

 

   

Commandfield Device address field -

X X X X X K XK X

8 I5
Se,

0O—FF

Immediate data field

16 31

Field-installable jumpers on the teletypewriter adapter

attachment card provide the capability of selecting any one

of 256 addresses (OO—F hex) for the attached device.

eeeeSee

The teletypewriter adapter performs twotypesofreceive

operations. An understanding of these two typesis neces-

sary before discussing commandsand condition codes.

IDCB (immediate device control block)

Normal receive operation.

During a normal receive operation, a byte of data from

the attached device is loaded into the receive-data register.

An attention interrupt is reported at the completion of

the operation. The data remains in the receive-data

register until (1) read at least once by the program and

(2) a subsequent normal receive operationis initiated.

- Overrun receive operation.

An overrunreceive operationis initiated if the attached

device begins to transmit data to the teletypewriter

adapter, and the adapter receive-data register, previously

loaded by a normal receive operation, has not been read

at least once by the program. The characterin the receive-

data register is not lost. However, the character that

caused the overrunis lost. An exception interruptis re-

ported at the completion of an overrun receive operation.

As shown below, IDCB command-field bits O—7 define

the various control and read functions issued to thetele-

typewriter adapter by the processor. The specific commands

are described in the following sections.

 

Commandfield

  

Device address field

 

Immediate data field Ch

  

   cretereteOO)eet etetete®,

Chan R/W Function

oo etre.ee rere.
eeeeeetes,
eateney

Modifier Hex

15 16 31

Specific command

0 1 10 Control 0000 60 Prepare

0 1 10 Control 1111 6F Reset device

0 1 10 Control 1110 6E Reset to diagnostic wrap

0 1 01 Write OOOX 50,51 Write

0 0 01 Read 000X 10,11 Read

0 0 10 Read status 0000 20 Read ID

Write bit 7 = O Write control interface line is disabled

1 Write control interface line is enabled

Read bit 7 = O Read controlinterface line is disabled

1 Read control interface line is enabled
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The condition codesreferred to in the following I/O

commanddescriptionsare listed in the “Condition Codes

Reported for an Operate I/O Instruction”section ofthis

 

   
 

 

 

  
 

  

chapter.

Prepare

IDCB (ammediate device control block)

Commandfield Device address field

0110000 0ixXK X X K K K XK X

0 7 8 15
ee, ae,

60 0O0—FF

Immediate data field

Zeros | Level | I
16 26.27 3031

ee eer

Bits Level Bit

27-30 Jl

0000 0 0 = interrupts not allowed

0001 1

0010 2 1 = interrupts allowed

0011 3

The Prepare commandloadsthe interrupt level and I bit

into the teletypewriter adapter prepare register. The I bit

(bit 31) determinesif the teletypewriter adapter can report

an I/O interrupt. If the I bit equals 0, I/O interrupts are not

reported. If the I bit equals 1, I/O interrupts are reported.

The interrupt level (bits 27—30) is the level on which the
teletypewriter adapter reports I/O interrupts. Level 0 is the

highest-priority level; level 3 is the lowest. The teletypewriter

adapter does not report

command. If condition

condition code 1 (busy) to this

code 5 (interface data check)is re-

ported, the command wasnotsuccessfully executed.

Device Reset

IDCB (immediate device control block)
 

   
 

 

 

  
 

Commandfield Device address field

011011 1 3K KX X X XK X OX OX

0 7 8 15
ee eee,

6F OO—FF

Immediate data field

Zeros

16 31
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The Device Reset commandresetsall registers except the

prepare-field register and the transmit-data register. The

write- and read-control interface lines are disabled. Pending

interrupts and condition codesare reset. The teletypewriter

adapter does not report condition codes 1 (busy) and 5

(interface data check) to this command.

Reset-to-Diagnostic-Wrap

IDCB Gmmediate device control block)
 

Command field Device address field

   O11 0111 0)X KX X K X XK X X
 

0 7 8 15
_SSE,

6E 00—FF

 

Immediate data field
 

  Zeros

16 31
 

The Reset-to-Diagnostic-Wrap commandplacesthe teletype-

writer adapter in the diagnostic-wrap state by (1) resetting

pending interrupts, condition codes, andall registers in the

teletypewriter adapter except the prepare register, and (2)

disabling the read- and write-control interface lines.

In the diagnostic-wrap state, commands can be issued to

the teletypewriter adapter for testing purposes. A device

may or maynot be attached to the teletypewriter adapter

during testing. If a Write commandis issued, datais sent ‘to

the teletypewriter adapter transmit-data register and, if

attached, to the device. At the completion of the transmit

operation, a device-end interrupt is reported. The data is

also sent to the teletypewriter adapter receive-data register,

and at the completion of the receive operation an attention

interrupt is reported. For checking purposes, the teletype-

writer adapter can be forced into an overrun condition by

not reading the receive-data register after the attention in-

terrupt is accepted, and then issuing another Write command.

The teletypewriter adapter does not report condition codes

1 (busy) and 5 (interface data check) to this command.

The diagnostic-wrapstate is exited by issuing a Reset

Device or Halt I/O command,a system reset, or a power-on

reset.



Write

IDCB Gmmediate device control block)

Commandfield Device address field

010100 0 XKilX XK KX X XK XK XK X

0 7 8 IS
See, ll

50 OO—FF

51

 

   
 

 

Immediate data field

Zeros | Data byte

16 23 24 31

 

  
 

Bit 7 = 0 Write control interface line is disabled

Bit 7 = 1 Write control interface line is enabled

The Write commandloads bits 24—31 of the IDCB into the

teletypewriter adapter transmit-data register. The teletype-

writer adapter then transfers the byteserially by bit to the

attached device. If command-field bit 7=0, the write-con-

trol interface line is disabled (open). If command-field bit

7=1, the write-control interface line is enabled (closed). A

device-end interrupt is reported at the completion of the

data transfer. If the teletypewriter adapter is in a write-busy

or interrupt-pending state, condition code 1 (busy)is report-

ed and the commandis not executed. If condition code 5

(interface data check) is reported, the command was not

successfully executed.

Halt I/O

The teletypewriter adapter responds to the channel-directed

Halt I/O commandbyresetting all registers (except the

prepare-field register), pending interrupts, and pending

condition codes(see “Status After Resets” in this chapter).

 

    

 

 

   

Read

IDCB Gmmediate device control block)

Commandfield Device address field

0001000 xXKiX X X X K XK XK X

0 7 8 15
Ee, Se,

10 OO—FF

11

Immediate data field

Zeros

16 3i

Bit 7 = 0 Read control interface line is disabled

Bit 7 = 1 Read controlinterface line is enabled

The Read command loads the byte contained in thetele-

typewriter adapter receive-data register into bits 24—31 of

the IDCB. If command-field bit 7=0, the read-control inter-

face line is disabled. If command-field bit 7=1, the read-

control interface line is enabled. No interrupts result from

the execution of this command.If the teletypewriter adapter

is in a read-busy or interrupt-pending state, condition code

1 (busy) is reported and the commandis not executed.If

condition code 5 (interface data check) is reported, the
commandis not executed. Note that the byte in the receive-

data register is not changedas a direct result of a Read com-

mand. The data in the receive-data register is changed only

by a normal receive operation.

 

   
 

 

 

 
 
 

Read [ID

IDCB (immediate device control block)

Commandfield Device address field

0010000 0;/X KX X X XK XK XK X

0 7 8 1S
Eo, ee,

20 OO—FF

Immediate data field

Zeros

16 31

The Read ID (identification) command loads the device-ID

byte into bits 24—31 of the IDCB. The device ID for the

teletypewriter adapter is 10 hex. The device-identification

word contains a unique identification code and physical

information about the device, and can be used to determine

the devices that are attached to the system. Theteletype-

writer adapter does not report condition code 1 (busy) to

this command.If condition code 5 (interface data check)

is reported, the commandwasnotsuccessfully executed.
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Status Information

Condition codes containing the status of the I/O operation

are reported to the processor. These codes are explained in

the following sections.

Condition Codes Reported for an

Operate I/O Instruction

The following condition codes are reported during an

Operate I/O instruction.

Condition

code Meaning

0 Device not attached—reportedif the tele-

typewriter adapter is addressed, but is not

installed on the system.

1 Busy—reported by the teletypewriter adapter

under the following conditions:

1. To a Write command—the teletypewriter

adapter is executing a transmit operation

to the attached device or has a device-

end interrupt pending (write busy or

interrupt pending).

2. Toa Read command—theteletypewriter

adapter is executing a normal receive

operation or has an attention or exception

interrupt pending (read busy orinterrupt

pending). The teletypewriter adapteris

not busy to a Read commandbyreason

of executing an overrun receive operation.

Busy is reported to any commandoutside of

the defined commandset for the teletype-

writer adapter if the teletypewriter adapter

is in the write-busy, read-busy, or interrupt-

pending states. Since the teletypewriter

adapter supports full duplex operation

(simultaneous read and write), it can be

write busy and read busy, write busy and

interrupt pending, or read busy and interrupt

pending at the sametime.

2 Not reported

3 Command reject—reported if the command

issued is outside the defined commandset

for the teletypewriter adapter.

4 Not reported

5 Interface data check—reportedif a parity

error occurs on the data bus during data

transfer.

6 Notreported

7 Satisfactory—reported when a commandis

accepted.
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I/O Interrupt

The teletypewriter adapter initiates an I/O interrupt when

the Prepare commandsets the I bit in the prepare register

to 1, and the following interrupts occur:

e Attention—a normal receive operation has been completed

e Exception—an overrunreceive operation has been

completed

* Device end—a transmit operation has been completed

Attention, exception, and device-end interrupts can be pend-

ing at the same time. If an exception interrupt and a device-

end interrupt are pending at the same time, the exception

interrupt takes precedence at interrupt-reporting time. The

reporting and acceptance of the exception interrupt does

not reset a pending device-end interrupt. The interrupt is

defined by the condition code reported during interrupt

acceptance. The teletypewriter adapter does notutilize the

interrupt information byte (IIB) of the interrupt-ID word.
The IIB is always presentedas zeros.

Condition Codes Reported for an I/O Interrupt
The following condition codes are reported during an I/O

interrupt.

Condition

code Meaning

0 Not reported

I Not reported

2 Exception—reported when the teletypewriter

adapter has completed at least one overrun

receive operation. A device-end interrupt

may be pending, but exception interrupt takes

precedencein reporting.

3 Device end—reported at completion of the

execution of a Write command or completion

of an IPL operation. No exception interrupt

is pending at interrupt-reporting time.

4 Attention—reported when the teletypewriter

adapter has completed a normal receive

operation.

5 Not reported

6 Attention and exception—reported when the

teletypewriter adapter has completed a nor-

mal receive operation and has completedat

least one overrun receive operation.

7 Attention and device end—reportedafter

executing either a Write commandor an IPL

operation, and the teletypewriter adapter |

has completed a normal receive operation.



Status After Resets

The following table lists the resets caused by the various

resetting conditions.

 

Condition Reset

Pending Condition Preparelevel Transmit data All other registers
interrupts codes and I bit register Except prepare level

and transmit data

Power-on
reset x x xX xX x

System
reset xX xX xX x xX

Halt 1/O
command xX xX xX xX

Reset to

diagnostic X xX X x
wrap

Reset
device xX xX xX 
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Operational Characteristics

Data Transmission

The teletypewriter adapter is fully duplexed and transmits

and receives data serially by bit in 11-bit frames. Each frame

contains a start bit, eight data bits, and one or twostopbits.

All 256 combinations of the eight data bits can be transmit-

ted/received.

As shownin Figure 3-1, each eight-bit data characteris

preceded byonestart bit and followed by either one or two

stop bits. Characters being transmitted by the teletypewriter

adapter to a device are always followed by twostopbits;

however, characters being received by the teletypewriter

can have either one or twostopbits.

 

 

  
 

5 aenn , rooT$
§ t (

4 1 ‘ ‘ t i top \
P71 Oy StF rset ad Ot pity |

eeeeeeeett ‘ood
ci “ ~ eeret”

LS The line is always held in a ‘mark’ condition when

no data is being transmitted.

The start bit is always a ‘space’ (logical zero).

G
f

Eight data bits are transmitted for each character.

Each bit is either a mark or a space, depending on

the character code. Note that the least significant

bit is transmitted first.

py The stop bit is always a mark (logical one). On

transmit, two stop bits are always used. On receive,

one or twostop bits can be used.

Figure 3-1. Character format
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The teletypewriter adapter is code transparent and no error

checking is done on transmitted or received data.

It is impossible to overrun on data being transmitted by

the teletypewriter adapter, but it is possible to overrun on

data being received. If a second characteris received before

the first character is serviced by the software, thefirst

character will not be lost, but the second character will be

lost.

Transmit Operation

Figure 3-2 is a timing diagram for transmit operations. “WR”

on the figure denotes a Write commandaccepted; a circled

3 denotes the device-end interrupt; and “‘I.A.” denotesin-

terrupt acceptance by the processor.

TXO is the transmit time from initiation of a transmit

operation to posting of the device-end interrupt. TXO is

nine bit times at the selected bit rate. At 9600 BPS(bits per

second), TXO is 0.936 ms; at 110 BPSit is 81.9 ms. TL is

the transmit load time, measured from the posting of the

device-end interrupt to the time at which the interruptis

accepted and another Write commandcan beissued to the

adapter without loss of rated performance. TL is two bit

times at the selected bit rate. For 9600 BPS, TL is 0.208

ms; at 110 BPS,it is 18.2 ms. If a new Write commandis

executed within time TL, the character rate is determined

by the adapter clocking; that is, a new transmit operation

is not initiated in less than time TL from the posting ofthe

device-end interrupt. The adapter, however,is “write busy”

upon successful execution of the Write command.If a new

Write commandis delayed beyond time TL, the transmit

operationis initiated immediately upon successful receipt

of the Write command.



 
 

 

7
 

' Transmit op
   

 
   

Transmit op Transmit op

t t-

—— Ty —<———— —>- Ty

 

 

    

Key:

NO, = Post device end interrupt (condition code 3)

[.A. = Interrupt accept

WR = Write command accepted

Baudrate Tyo (milliseconds) I (milliseconds)

9600 936 .208
4800 1.87 .416
2400 3.74 832
1200 7.49 1.66
600 14.98 3.33
300 29 .96 6.66
200 44.94 10.0
150 59.9 13.3
110 81.9 18.2
100 89.88 20.0
75 — 119.08 26.6

50 179.76 40.0

Tyg and T, are +0.1%   

Figure 3-2. Transmit operation timing diagram

Receive Operations

Figure 3-3 is a state and timing diagram for several possible

receive operations. Three entry points on theleft side of

the diagram are identified by bracketed A, B, and C. All

exits from the right enter at one of the points on theleft.

As shown in the key below the diagrams, a circled number

denotes an interrupt and its associated condition code; an

I.A. or an I.A.&R. denotes an interrupt accepted orinter-

rupt accepted and read by the processor. Normal and over-

run receive time envelopesare also shown.

 

Teletypewriter Adapter Feature 3-9



   

        

   

        

 

  

   

         
 

  

 

  

    

 

 

   
 

” LA.& R LA.&R

, Line Normal Normal Normal

tL J receive receive receive i» To point “A”

T ——_~| T |RO A(4) LA.&R (2) LA.

Line Normal Overrun Normal
To od receive receive receive ——— To point “A”

| @) ta (2)“A”? **B”’

&

Line pf

Il pf f
Overrun

receive To points “RB”

O Oeve
Line Normal Overrun Normal
IV receive receve receive | To point “A”’

\
(6) LA.&R (2)

Line ff pf pf

v | Overrun

receive L__» To points “B”

) () ota
C Line pf ff x

Vi Overrun

receive L___@ To points “C”’

Line pf jp

Vu Overrun

( } receive L___» To points “C”

Key:

“A” “B”? “C”? = Entry points on right side of diagram

(2) (4) (6) = Interrupt with circled condition code

LA = Interrupt accept

LA.& R = Interrupt accept and execute read command

Baud rate Trg (milliseconds) Tp (milliseconds) * * This value of Tp is for attached
devices generating two stopbits.

9600 936 208 If the attached device generates
4800 1.87 416 only one stop bit, Tp is one-half
2400 3.74 832 the value listed in this table.

1200 7.49 1.66
600 14.98 3.33
300 29.96 6.66
200 44.94 10.0
150 59.9 13.3
110 81.9 18.2 °

100 89 88 20.0

75 119.08 26.6
50 179.76 40.0

Tro and Tp are +0.1%  
 

Figure 3-3. State and timing diagram for possible receive operations
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The figure also includes a table for the various device bit

rates. The time for a receive operation from initiation by

the device to the posting of an interrupt is called TRO. TRO

is nine bit times at the selected frequency. For example,at

9600 BPS, TROis 0.936 ms; at 110 BPS, TRO is 81.9 ms.

The maximum time betweenreceive operations is TR. TR

is, on the average, two bit times at the selected frequency.

For example, at 9600 BPS, TR is 0.208 msaverage; at 110

BPS TRis 18.2 ms average. Any TR average calculations

should be reduced by 15 percent to allow for device char-

acteristics such as clockjitter, drift, etc.

The sequences shownin Figure 3-3 start from point A

with a normal receive operation that ends with an attention

interrupt being posted. Thetopline (line I) depicts inter-
rupt acceptance and reading of the receive-data register with-

in time TR. The secondline (line II) depicts a delay in the

interrupt acceptance and reading beyond time TR,or the

initiation of another receive operation by the device if the

device is not transmitting at rated speed.In this case, al-

though the receive-data register can be read, the adapter has

committed to an overrun receive operation; this results in an

exception interrupt (condition code 2) when the current

operation is completed. A Read commandis not necessary

following the acceptance of condition code 2. The exten-

sion of lines II and III depicts two other possibilities follow-

ing a condition code 2; (1) the interrupt is accepted and the
receive data register is read within time TR,leading to

condition code 4, and (2) another delay in interrupt accept-
ance, leading to another condition code2.

Line IV depicts a case of a very long delay in interrupt

acceptance and reading, leading to condition code 6. The

extension oflines IV, V, VI, and VII showsotherpossibili-

ties following a condition code 6.

Note that some connectionsof basic sequences to entry

points on the timing diagram can result in sequencesthat

may bevery long, depending upon the numberofcharacters

transmitted from the device.

Programming Considerations For Maximum

Transmission-Receive Rates

The following list provides some examples of how to obtain

maximum transmissionrates.

e Interrupt servicing.

At the beginning ofthe first stop bit, the teletypewriter

adapter sends an interrupt request to the processor to

signal the completion of the current character transmis-

sion. This interrupt must be serviced and anothertransmit

operation initiated by the end of the second stop-bit

time if maximum transmission rate is to be maintained.

e Device stopbits.

Devices that are designed to receive either one or two

stop bits may beattached to the teletypewriter adapter

card. If the device is designed for only onestop bit, the

second stop bit appears to be a one-bit-time separation

between character frames. Therefore, if a device is

programmable for either one or twostopbits, it should

be programmedfor only onestop bit. This programming

will increase the receive data rate of the teletypewriter

adapter by approximately 9 percent.

e Device data rates.

If a device is programmable for several different data

rates that can be supported by the teletypewriter adapter,

the device should be programmed for the highest data-

transfer rate that results in reliable operation in the

environmentin which the system is placed.

e Duplex operation.

The teletypewriter adapteris a full duplex attachment.

It can transmit and receive data simultaneously. There-

fore, devices attached to the teletypewriter adapter

should be configured for full duplex operation.
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Chapter 4. Integrated Digital Input/Output
Non-Isolated Feature

This chapter provides a functional description of and

machine-language programming information for the Inte-

grated Digital Input/Output Non-Isolated User Attachment

Feature Card (referred to as the integrated digital I/O
feature).

Functional Description

The Integrated Digital I/O Non-isolated Feature allows the
user to add digital sensor I/O or non-IBM devicesto the

processor I/O channel.

The integrated digital I/O feature has the following gen-
eral characteristics:

e Two 16-point groups of non-isolated digital input/

process interrupt (DI/PI).

e Two 16-point groups of non-isolated digital output (DO).
e Four device addresses—one for each DI/PI and DOgroup.

All four devices are prepared for interrupts with onepre-

pare command.

e External synchronization for each group of DI and DO—

this user attachment feature permits asynchronousdata

transfers.

e Interrupts can be initiated by an external-sync input

(one input for each DI or DO group) or by a “O”-to-""1”

transition on a PI point. |

e The feature is contained on onelogic card and can be

plugged into either the processor unit or an IBM 4959

I/O Expansion Unit.
e Commandsfor this feature are compatible with the

digital commandsfor the Sensor Input/Output Unit
(except for those commandsassociated with diagnostic

programs). However, the sensor input/output unit does
not have DO external synchronization.

Figure 4-1 shows a simplified data flow for the integrated

digital I/O feature. Refer to this figure while reading the

following sections.
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USER ATTACHMENT INTEGRATEDDIGITAL I/O FEATURE CHANNEL

DI/PI group 0

External sync DI Ext sync interrupt

16 points DI/PI

Ready

Process interrupt

DI/PI group 1

External sync Ext sync interrupt

DI

16 points DI/PI

Ready

Process interrupt

External sync Ext sync interrupt

16 points DO

Ready

External sync Ext sync interrupt

16 points DO

Ready 
Figure 4-1. Digital I/O simplified data flow
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Digital Input

The integrated digital I/O feature has two groupsofdigital
input/process interrupt. Each group has:

e 16 non-isolated input points that sense voltage input

e One 16-position DI data register for reading unlatched

data

One 16-position PI data register for reading latched data

An external-sync input line and a ready output line

Interrupt capability from either external sync or process

interrupt

Latched data causes the PI data register to latch up when

its corresponding input goes active. The register holds this

value until the program readsandresets it. This modetells

the user that an input signal changed at some timeprior to

the read instruction.

Non-latched data causes the DI data register contents to

follow the changes on the corresponding input points. A

read instruction in this mode checks the present condition

of the customer inputsignals.

Each DI/PI group has a unique device address and re-
sponds to specific commands. Addressing and commands

are discussed in subsequentsectionsof this chapter. The

data registers and the functions performed by DI/PI are de-
scribed in the remainder ofthis section.

Each position of the DI data register follows the state of

the corresponding user-input point until the register is read.

The data in the register is held (1) during a read command

or (2) when the external-sync input becomesactive while

in external-sync mode.In the secondcase, the data remains

held until the resulting interrupt is serviced and the ready

line is activated. (For additional information, see “DI Ex-

ternal Sync.’’)

Each position of the PI data register records, with a | bit,

the first “‘O” bit to “1” bit transition on the corresponding

user-input point. The data remains in the register until one

of the following is executed:

Program control

Read-Pl-with-Reset command

Arm PI command

Device Reset command

System reset

Power-on resetA
B
W
N

When a bit in the PI data register becomesactive, a pro-

cess interrupt is generated if PI mode waspreviously set with

an Arm PI command.(For additional information, see

“Process Interrupt.’’)

A DI/PI group can be tested using two special commands:

(1) Set Test Ones, and (2) Set Test Zeros. When the appro-

priate commandis executed, the user inputs are disabled,

either ones or zeros are placed on the input receivers, and

the external-sync receiver is pulsed. Then, when subsequent

read commandsare issued, the group responds exactly asif

the actual user inputs had beenset, including the PI and

external-sync functions.

DI External Sync

The DI external-sync capability consists of two signallines,

an input line called external sync, and an outputline called

ready (Figure 4-2). A DI group is set to external-sync mode

by execution of the Arm-DI-External-Sync command. When

external-sync mode is armed and the system is ready for

more DIdata, the ready line from the DI groupis set active.

The user places data on the input points, then activates the

external-sync line. When the external-sync line becomes

active, the data in the DI data register is assumed to be good,

and the contents of the register are held. Then an interrupt

is posted, and the ready line becomesinactive andstaysin-

active until the appropriate command,normally read DI,

is executed. The external-sync line must then perform an-

other transition from the “O”’state to the “1” state to cause

anotherinterrupt.

External-sync modeis reset by an Arm PI command,a

Device Reset command, a Halt I/O command,or anyreset

condition. (See “Status after Power Transitions or Resets”’

in this chapter.)

Program control

 eS

Read with reset
  

 

 | a
 

 

  

et a :

Prepare Arm servicevt

| |
Ready | |

| |

|
External

sync | |
| |

| Y |
Interrupt | |

MMA = active

 

Figure 4-2. DI external sync timing diagram
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Process Interrupt (PD

A digital-input group is set to PI mode using the Arm PI

command. The process-interrupt function is performed by

logically ORing the bits in the PI data register of the DI

group. That is, any bit in the register becomingactive gener-

ates an interrupt.

PI modeis reset by an Arm-DI-External-Sync command,

a Device Reset command, a Halt I/O command,or any reset

condition. (See “Status after Power Transitions or Resets”’

in this chapter.)

Digital Output

The integrated digital I/O feature has two groupsofdigital

output. Each DO group has:

e 16 output points to the user. Each point provides a non-

isolated, unipolar current switch or TTL-compatible out-

put voltage.

e One 16-position DO data register.

e An external-sync input line and a ready outputline.

e Interrupt capability from the external-sync inputline.

Each digital-output group has a unique device address

and responds to the commandsdiscussedlater in this

chapter. Data is stored in the DO data register by the Write

DO command. The DO dataregister is reset only by a power-

on reset.

Program control
on’

7“ ™~

 

A DOgroup can betested using three special commands:

(1) Disable DO (2) Read DO,and(3) Set-Diagnostic-Ex-

ternal-Sync. The Disable DO commanddisables the user

outputs. The Read DO commandreads the contents ofthe
DO data register. The Set-Diagnostic-External-Sync command

disables the user outputs and simulates the user’s external-

sync line.

DO External Sync

The DO external sync interface consists of two signallines,

an input line called external sync and an outputline called

ready (Figure 4-3). A DO groupis set to external-sync mode

by execution of the Arm-DO-External-Sync command. When

a Write DO’commandis executed in external-sync mode and

the data on the DO outputis good, an active level on the

external-sync input line causes the ready line to become

active. The user signifies receipt of the data by deactivating

the external-sync line. Then an interrupt is posted, and the

ready line becomesinactive. The ready line stays inactive

until another Write DO commandis executed and the ex-

ternal-sync input becomesactive again. The external-sync

line must perform another transition from the “‘1”’ state to

the “0”state to cause another interrupt.

External-sync modeis reset by a Device Reset command,

a Halt I/O command,or anyreset condition. (See “Status

after Power Transitions or Resets”in this chapter.)

Program control

Service

interrupt Write DO 

  

 

Prepare Arm Write DO
bv

|

Ready,| | |

of | |.

External | , ma eeyt peter
sync! | T

| |
| | |

Interrupt| | +|
=active

 

Figure 4-3. DO external sync timing diagram
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Programming Information

The integrated digital I/O feature is connected to the pro-

cessor through the I/O channel. Direct program control

(DPC) commandsare usedforall I/O operations; cycle-steal

mode is not implemented.

Operate I/O

Communication between the processor and the device attach-

ed to the integrated digital I/O feature is initiated by the

processor. All integrated digital I/O feature functions (con-

trol and read) must be initiated with Operate I/O instructions

stored in the processor.

I/O instruction
 

 

Operation code R2 Function Address /

0 1 1 0 110 0 O * 1 1 0 O 7      
 

Lsein address

)

IDCB (immediate device control block) .

Commandfield Device address field Immediate data field 7 /
 

   
 

0 7 & 15 16 31

*Indirect addressingbit

The address field (bits 16—31) and the contents of the

register specified in the R2 field (bits 8—10) of the Operate

I/O instruction generate an effective address that points to

a main-storage location containing an immediate device con-

trol block (IDCB). IDCBsare doubleword blocksofstorage

reserved by programsfor storage of device-directed com-

mands.

Addressing

The integrated digital I/O feature has four device addresses:

one for each 16-point group.

IDCB (immediate device control block)

Commandfield Device address field

X X X X K K X X

 

   
 

° 7 8 | 13:14:15

\c

e

a
—_——~

Address 0 O DI group 0

wired on 01 DI group 1 os

card 1 0 DOgroup2 —>

1 1 DO group 3

4
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The first six (high-order) bits of the device-addressfield of

the IDCBare defined by field-installable connectors (jump-

ers) on the integrated digital I/O feature card. The last two

bits of the field define the DI groups. Bit values of 00 and

O1 in bits 14 and 15 define the DI groups, and bit values of

10 and 11 define the DO groups.

Summary of Digital Input Commands

The two DI groups execute the device-directed commands

shown in the following illustration and described in the

following sections.

IDCB Gmmediate device control block)
  

Commandfield Device address field Immediate data field
 

   S
I
O

S
P

 
 

IS 16 31

 

Chan R/W_ Function Modifier Hex Specific command

0 0 00 Read 0000 00 Read DI

0 0 00 Read 0001 O1 Read PI

0 0 0O Read 0010 02 Read PI with reset

0 0 10 Readstatus 0000 20 Read ID

0 0 10 Read status 1000 28 Read status

0 j 10 Control 0000 60 Prepare

0 1 10 Control 1000 68 Arm PI

0 1 10 Control 1001 69 Arm DJ external sync

0 1 10 Control 1010 6A Set test 0

0 1 10 Control 1011 6B Set test 1

0 1 10 Control 1111 6F Device reset

Summary of Digital Output Commands

The two DO groups execute the device-directed commands

shownin the following illustration and described in the fol-

lowingsections.

IDCB Gmmediate device control block)
 

 

Commandfield Device address field Immediate data field G

 
C7

   
 

0 1 2 3 4 7 8 IS 16 31

   
    

‘Chan R/W Function Modifier Hex Specific command

0 0 10 Read status 0000 20 Read ID

0 0 10 Read status 0001 21 Read DO

0 0 10 Read status 1000 28 Read status

0 1 00 Write 1000 48 Write DO

0 1 10 Control 0000 60 Prepare

0 1 10 Control 1001 69 Arm DO external sync

0 1 10 Control 1011 6B Set diagnostic external syne

0 1 10 Control 1100 6C Disable DO

0 1 10 Control 1111 6F Devicereset
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Commands, Digital Input

Prepare

IDCB (immediate device control block)
 

   
 

Command field Device address field

0 110000 01IX X X X X XK XK X

0 7 § IS
a

60

 

Immediate data field

Zeros { Level | I

16 26 27

 

  
 

   

Bits 27—30 Level Bit 31

0000 0 0 = interrupts

0001 ] not allowed

0010 2 = interrupts

OOLi 3 allowed

Execution of the Prepare commandenablesthe integrated

digital I/O feature to interrupt on the level defined in the
immediate data field of the IDCB. All groups of DI and DO

(four device addresses) are prepared to the samelevel and

are enabled by the sameI bit. Previous Prepare commands

are overridden.

If condition code 5 (interface data check) is reported, the

command wasnotsuccessfully executed.

Arm PI

IDCB (immediate device control block)
 

    

Command field Device address field

O11 010 0 0}X X KX XK KX XK XK X

0 7 8 15
ee

68

 

Immediate data field
 

 Zeros

16 31

 
 

Execution of the Arm PI commandsets the addressed

digital-input group to the PI mode.If external-sync mode

was armed, it is reset.

If an interrupt is pending, condition code 1 (busy) is re-

ported and the commandis not executed. If condition code

5 (interface data check) is reported, the commandwasnot

successfully executed.

See ‘Process Interrupt”’ in this chapter for information

about the use of this command.

Arm-DI-External-Synec

IDCB Gmmediate device control block)
 

   
 

Commandfield Device address field

011041 0 0 i1;X KX KX X X X X x

0 | 7 8 15
~~

69

 

Immediate data field

Zeros

16 3]

 

  
 

Execution of the Arm-DI-External-Sync commandsets the

addressed DI groupto the external-sync mode. If PI mode

was armed,it is reset. The ready line is activated.

If an interrupt is pending, condition code 1 (busy) is re-

ported and the commandis not executed. If condition code

5 (interface data check) is reported, the command wasnot

successfully executed.

See “DI External Sync” in this chapter for information

about the use of this command.

Set-Test-0

IDCB Gimmediate device control block)
 

   
 

Commandfield Device address field

O 11 01 01 0K X XK K XK X X OX

0 7 8 15
ee

6A

 

Immediate data field
 

  Zeros

16 31
 

The Set-Test-O commandsets a diagnostic mode that dis-

ables the user inputs including external sync. The ready line

is disabled. This commandplaces0 bits in the digital-input

registers and pulses the external-sync input. If external sync

is armed, an interruptis posted.

Subsequent read commandsresult in all 0 bits from the

DI and PI dataregisters.

If an interrupt is pending, condition code 1 (busy)is re-

ported and the command wasnotsuccessfully executed.If

condition code 5 (interface data check) is reported, the

command was not successfully executed.
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Set-Test-1

IDCB G@mmediate device control block)

Command field Device address field

O 1 1 01 01 1)K% X X KX X X XK X

0 7 §&§ IS
Ee,

6B

 

Immediate data field

Zeros

16 31

 

 
 
 

The Set-Test-1 command sets a diagnostic mode that dis-

ables the user inputs including external sync. The ready line

is disabled. The commandplaces 1 bits in the DI and PI

registers and activates the external-sync registers. If external

sync is armed, an interruptis posted.

Subsequent read commandsresult in all 1 bits from the

DI data register. The data in the PI data registeris all 1 bits

until reset.

If an interrupt is pending, condition code 1 (busy)isre-

ported and the command wasnotsuccessfully executed.If

condition code 5 (interface data check) is reported, the

commandwasnot successfully executed.

Device Reset

IDCB (immediate device control block)
 

   
 

Commandfield Device address field

O11 01 1 1 1X KX KX X XOX OX OX

0 7 8 15
a

6F

 

Immediate data field
 

 Zeros

16 31
 
 

Execution of this commandresets the following items for

the addressed digital-input group:

Any pending interrupt

Arm condition for PI mode

Arm condition for external-sync mode

Status word

PI data register

DI data registerOV
Nn

M
”

B
R
W

P
O
—
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Read DI

IDCB (immediate device control block)
 

   
 

Commandfield Device address field

000 00 0 0 0K X X X X X X X

0 7 8 i)
Sa,

00

 

Immediate data field
 

Data from DI group   
 

16 31

The Read DI commandtransfers the 16 bits from the DI

data register into the immediate data field of the IDCB.If

external-sync mode is armed, the ready line of the addressed

DI group is activated to indicate that the system is ready for

more data.

If external-sync mode is armed and an interrupt is pend-

ing, condition code | (busy) is returned and the command

was not successfully executed. If condition code 5 (inter-

face data check) is reported, the command wasnot success-

fully executed.

 

   
 

Read PI

IDCB (immediate device control block)

Commandfield Device address field

0 00 00 0 01K K KX X XK X X X

O 7 8 1S
aE

Ol

 

Immediate data field

Data from PI

16 31

 

  
 

The Read PI commandtransfers the 16 bits from the PI

data register into the immediate data field of the IDCB. The

PI data register is not reset.

If condition code 5 (interface data check) is reported, the

command was not successfully executed.



Read-PI-With-Reset

IDCB (immediate device control block)

Comunand field Device address field

0000001 0\KX X X K K K K X

0 7 §& IS
a

02

 

    

 
Immediate data field

Data from PI

16 31

 

   

The Read-PI-With-Reset command transfers the 16 bits from

the PI data register into the immediate data field of the

IDCB. At the end of the commandcycle, the data latched

in the PI data registeris reset.

If PI mode is armed and an interrupt is pending, condi-

tion code 1 (busy) is reported and the commandwasnot

successfully executed. If condition code 5 (interface data

check) is reported, the commandwasnot successfully

executed.

Read ID

IDCB Gmmediate device control block)
 

    

Commandfield Device address field

001 000 0 0;}K X X KX XK X X X

0 7 8 1S
_

20

 

Immediate data field

110000000001 00 0 «0

16 31
—_ —— —_— a ee”

C 0 1 0

 

   

The Read ID (identification) commandtransfers a one-word

identification field, called the DI ID word, into the immedi-

ate data field of the IDCB. The hexadecimal value of the

integrated digital I/O feature DI ID word is C010. The

device-identification word contains a unique identification

code and physical information about the device, and can

be used to determine the devices that are attached to the

system.

If condition code 5 (interface data check) is reported,

the commandwasnotsuccessfully executed.

Read Status

IDCB (immediate device control block)
Command field Device address field

0010100 0;/X X X X X X X X

0 7 8 15
_

28

 

    

 

Immediate data field

Status word from DI group

16 31

 

   

The Read Status commandtransfers the DI status word

from the adapter into the immediate data field of the IDCB.

If condition code 5 (interface data check) is reported, the

command was not successfully executed.

After the Read Status commandis executed, the DI status

word bits in the second word of the IDCB have the follow-

ing meaning:

 

 

   

|a - No interrupt is pending.

The interrupt has been ser-

viced, but either the PI

register has not been reset

(PI mode) or ready has not

been set (external - sync

mode).

S i
e N

10 = Invalid bit combination.

ll = The device is in an inter-

rupt state. If the device is

prepared, an interrupt is

being presented to the

channel. 1 = Set-test-O mode is set. 1 = Set-test~1 mode is set.  1 = External -sync mode is

armed.  1 = PI mode is armed.
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Commands, Digital Output

Prepare

IDCB (immediate device control block)
 

   
 

Commandfield Device address field

01 10 0 0 0 0;}X X KX KX X X XK X

0 7 §& 15
SS

60

 

Immediate data field
 

  Zeros

16
 

 

Bits 27—30 Level Bit 31

0000 0 0 = interrupts

OOO] l not allowed

0010 2 1 = interrupts

OO11 3 allowed

Execution of the Prepare commandenables the integrated

digital I/O feature to interrupt on the level defined in the

immediate data field of the IDCB. All groups of DI and DO

(four device addresses) are prepared to the same level and

are enabled by the same I bit. Previous Prepare commands

are overridden.

If condition code 5 (interface data check) is reported, the

command was not successfully executed.

Arm-DO-External-Sync

IDCB Gimmediate device control block)

Command field Device address field
 

   
 

O11 0 1 0 0 1X KX KX K K XK XK X

0 7 8 15
Se

69

 

Immediate data field
 

Zeros

16 ol

  
 

Execution of the Arm-DO-External-Sync commandsets the

addressed DO groupto the external-sync mode.

If an interrupt is pending, condition code 1| (busy)is re-

ported and the command wasnot successfully executed.If

condition code 5 (interface data check) is reported, the com-

mand was not successfully executed.
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Write DO

IDCB Gmmediate device control block)
 

   
 

Command field Device address field

01 00 1 0 0 0}K X X X X X X X

0 7 &§ 1S
Sue,

48

 

Immediate data field
 

Data to DO   
 

16 Jl

The Write DO commandtransfers the contents of the im-

mediate data field of the IDCB into the DO data register.

If external-sync mode is armed and nointerrupt is pending,

the ready line for the DO groupis enabled.

If an interrupt is pending or ready is active in the external-

sync mode,condition code | (busy) is reported and the com-

mand was not successfully executed. If condition code 5

(interface data check) is reported, the command was not

successfully executed.

 

   
 

Read [D

IDCB (immediate device control block)

Commandfield Device address field

0 0 1 0 0 0 0 0;}X KX KX KX XK XK X X

0 7 8&8 1S
Se

20

 

Immediate data field
 

  
 

100 00 0 00001 1 0 0 0

16 31

C 0 1 8

ID word trom DO group

The Read ID (identification) command transfers a one-word

identification field, called the DO ID word, into the immedi-

ate data field of the IDCB. The hexadecimal value of the

integrated digital I/O feature DO ID wordis CO18. The

device-identification word contains a unique identification

code and physical information about the device and can be

used to determine the devices that are attached to the

system.

If condition code 5 (interface data check) is reported, the

command wasnot successfully executed.



Read DO

IDCB (immediate device control block)

Commandfield Device address field

001000 0 1;X X KX X K K XK X

0 7 8 1S
ee

21

 

   
 

 

Immediate data field

Data from DO group

16 31

 

  
 

The Read DO commandtransfers the contents of the DO

data register into the immediate data field of the IDCB.

This commandis used primarily for diagnostic purposes.

If condition code 5 (interface data check) is reported, the
commandwasnotsuccessfully executed.

Read Status

IDCB (immediate device control block)
 

    

Commandfield Device address field

001010 0 0}X X X X X XK X X

0 7 8&8 15
Seo,

28

 

Immediate data field

Status word from DO group

16 3]

 

   

The Read Status commandtransfers the DO status word

from the adapter into the immediate data field of the IDCB.

If condition code 5 (interface data check) is reported, the

command was notsuccessfully executed.

After the Read Status commandis executed, the DO

status word bits in the second word of the IDCB havethe

following meanings:

 

Immediate data field

00xX XK X 0 X X 0 0000 0 0 0
 

   

  

16 17 18 19 20 21 22 23 24 31
ay

| 00 = No interrupt is pending.

Ol = The interrupt has been ser-

viced, but ready has not

been enabled.

10 = Invalid bit combination.

11 = The device is in an inter-

rupt state. If the device is

prepared, an interrupt ts

being presented to the

channel.

1 = Diagnostic external sync

was set.

1 = External- syne mode is

armed.

1 = Disable modeis set.  

Set-Diagnostic-External-Sync

IDCB Gmmediate device control block)

Commandfield Device address field

Oo 1101 021 14% X XX XK XK XK X OX

0 / & IS

 

    

 

 

Immediate data field

Zeros

16 31

 

   

Execution of the Set-Diagnostic-External-Sync command

sets a diagnostic mode that disables the user’s external-sync

input. The ready line and the DO outputsare also disabled.

This command activates external sync. With the external-

sync mode armed, a Disable DO commandexecuted, and no

interrupt is pending, an interrupt is posted.

If an interrupt is pending, condition code 1 (busy)is re-

ported and the commandwasnot successfully executed.If

condition code 5 (interface data check) is reported, the com-
mand wasnot successfully executed.

Disable DO

IDCB Gmmediate device control block)
 

    

Commandfield Device address field

01101 1 00;KX X X X X X XK OX

0 7 & 15
_

6C

 

Immediate data field

Zeros

16 31

 

   

The Disable DO commandsets a diagnostic modethat dis-

ables the output lines for the 16 digital outputs, the ready

line, and the user’s external-sync input. A zero level is forced

on all outputs.

If an interrupt is pending, condition code | (busy)is re-

ported and the command wasnotsuccessfully executed.If

condition code 5 (interface data check) is reported, the com-

mand wasnot successfully executed.

Device Reset

IDCB (immediate device control block)
 

    

Commandfield Device address field

O11 0 1 1 1 11K X X X X X X OX

0 7 8 IS
“Ee,

6F

 

Immediate data field
 

  Zeros
 

16 31
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Execution of the Device Reset commandresets the follow-

ing items for the addressed digital-output group:

1. Any pending interrupt

2. Arm condition for DO external-sync mode

3. Status word

4. Diagnostic mode

The DO data register is not reset.

Condition Codes Reported During the

Operate I/O Instruction

The following table is a summary of the condition codes

that can be reported when the Operate I/O instruction is

executed.

Condition code values

Command CCO CCI CC2 CC3 CC4 CCS

0O Read DI xX

Ol Read PI

02 Read-PI-With-Reset

20 Read ID

21 Read DO

28 Read Status

48 Write DO

60 Prepare

68 Arm PI

69 Arm-DI-External-Sync

69 Arm-DO-External-Sync

6A Set-Test-0

6B Set-Test-1

6B Set-Diagnostic-Ext-Sync

6C Disable DO

6F Device Reset

x

re

P
K
r
m

MK
K
M
K
K
O
M

P
M

M
K

MK
O
M
O
M

OM

M
M
M
M

MX
OM

Legend:

CCO = Device not attached

CCl = Busy

CC2 = Busyafter reset

CC3 = Commandreject

CC4 = Intervention required
CC5 = Interface data check

CC6 = Controller busy

CC7 = Satisfactory
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CC6 CC7

P
r
m
K
M
K

O
K

OK
OO



Interrupt Presentation and Status Words

The integrated digital I/O feature presents only interrupt

condition code 4 (attention). Interrupts for a DI group are

initiated by (1) the external-sync input becomingactive

while in external-sync mode,or (2) any bit in the PI register

becoming active while in PI mode. Interrupts for a DO group

are initiated by the external-sync input becominginactive

while in external-sync mode.

Becauseall devices are prepared to interrupt on the same

level, interrupts from more than one device are stacked. The

device with the lowest device address presents its interrupt

first. All other interrupts waiting in the stack at that time

are cleared before the same device can present a second

interrupt. Thatis, if devices 0, 1, and 2 have interrupts

stacked, device O presents its interrupt first. Device 0 can-

not present another interrupt until the interrupts for devices

1 and 2 have been presented.

Whenan interrupt is accepted by the channel, the digital

group presents an interrupt ID word. This word contains

an IIB (interrupt information byte) in bits O—7 and the

device address in bits 8—15. The format of the IIB for the

DI groups and for the DO groupsappears in the following

sections. Note that the IIB presented in the interrupt ID

word has the same formatasthe first byte of the status

word transferred into the immediate data field of the IDCB

when a Read Status commandis executed.

DI Status Word and Interrupt ID Word

As previously stated, bits O—7 in the DI status word have

the same meaningas those in the IIB. The meanings of each

bit are defined as follows:

DI interrupt ID word
 

   
 

ITB Device address

O 7 § 1S
Set,

Same as status word

DI status word
 

   00x xX xX xX xxo0000000 0
0123 45678 15

~~

|g
Ol

No interrupt is pending.

The interrupt has been ser-

viced, but either the PI

register has not been reset

(PI mode) or ready has not

been set (external sync

mode).

10 = Invalid bit combination.

Il The device is in an inter-

rupt state. If the device is

prepared, an interrupt is

being presented to the

channel. 1 = Set-test-0 mode is set. ————«_ if =- Set- test-l1 mode is set. 
 1 = External-sync mode is

armed. 1 = PI modeis armed. 
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DO Status Word and Interrupt ID Word

Bits O—7 in the DO status word have the same meaningsas

those in the IIB. The meanings of each bit are defined as

follows:

DO interrupt ID word
 

    
ITB Device address

O 7 § IS
Uo

Same as status word

DO status word
 

   00x XK X0 KX X 0 00 0 0 0 0 0

0123 4 5 67 8

   

IS
wey

Ly No interrupt is pending.

Ol = The interrupt has been ser-

viced, but ready has not

been enabled.

10 = Invalid bit combination.

11 = The device ts in an inter-

rupt state. If the device is

prepared, an interrupt Is

being presented to the

channel.

1 = Diagnostic external syne

was sét.

1 = External- sync mode is

armed.

1 = Disable modeis set.  
Status After Power Transitions and Resets

The following table lists the resets for the various resetting

 

conditions.

Condition Reset

Arm conditions Diagnostic Ready Any pending Prepared level Pland DI DO Data
for PI or external modes lines interrupts and I bit data registers registers

sync modes (DI resets only) (DO resets only)

Power-on

reset Xx xX xX x XxX xX X

System

reset X xX x xX xX x

Halt 1/O
command

oF X X X X
machine

check

reset  
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Chapter 5. Customer Direct Program

Control Adapter Feature

This chapter provides a functional description of and

machine-language programming information for the Cus-

tomer Direct Program Control Adapter User Attachment

Feature card (referred to as the customer DPC adapter).

Functional Description
The customer DPC adapter feature card provides a conveni-

ent meansof attaching I/O devices and subsystemsto a

Series/1. It is connected to the processor via the processor

I/O channel. The adapter is designed to perform direct pro-

gram control (DPC) functions only; cycle-steal operations

cannot be performed. This feature card can be configured

to accommodate 4, 8, or 16 I/O device addresses. The cus-

tomer DPC adapter provides interrupt vectoring of 16 inter-

rupt sources.

There are 75 signal lines including: 18 data bus out, 18

data bus in, 16 interrupt request in, 3 function bits, 4 modi-

fier bits, 4 device address bits, and 12 control and response

lines. The data flow is always 16 bits without parity option

or 18 bits with parity option (2 parity bits).
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Programming Information

Operate I/O

Communication between the processor and the deviceat-

tached to the customer DPC adapteris initiated by the pro-

cessor. All customer DPC adapter functions (control, write,

and read) mustbe initiated with Operate I/O instructions

stored in the processor.

I/O instruction

Operation code R2 Function Address

0 1 1 0 1/0 0 0 *i 1 1 0 0

| Ltfective address |

 
 

        
 

 

IDCB (immediate device control block)

Commandfield Device address field Immediate data field C b
 

    
 

0 7 8 15 16 31

*Indirect addressing bit

The addressfield (bits 16—31) and the contents of the

register specified in the R2 field (bits 8—10) of the Operate

I/O instruction generate an effective address that points to

a main-storage location containing an immediate device con-

trol block (IDCB). IDCBsare doublewordblocksof storage

reserved by programsfor storage of device-directed com-

mands.

Addressing

The customer DPC adapter can be configured for 4, 8, or 16

device addresses by field-installable connectors (jumpers).

Thefirst four (high-order) bits of the device addressfield

of the IDCBare defined byfield-installable jumpers on the

feature card. The next twobits are defined byfield-install-

able jumpers only if the feature card is configured for four

or eight devices. The low-orderbits that are not used to

address the adapter card are used for device addressing with-

in the domain established by the feature-card address.

Condition Codes Reported During the Operate I/O
Instruction

The following table is a summary of the condition code

values that can be reported when the Operate I/O instruction

is executed.
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Condition code values

Command CCO CCl CC2 CC3 CC4 CCS CC6 CC7

OX Read Data X xX xX x X xX X xX

1X Read Data XxX X X X X X X Xx

20 Read ID xX xX xX

2X Read Status X X Xx X X Xx XxX Xx

2E Read Adapter XxX Xx Xx

Status Word

2F Read Adapter

Diagnostic Data

~ ~ ae

 

    
 

    

4X Write Data xX x xX xX xX xX x x
60 Prepare xX x x

61 Set Diagnostic Mode Xx Xx xX

62 Reset Diagnostic Mode Xx x xX
6X Write Control xX x xX x x xX x x

Legend:

CCO = Device not attached
CCi = Busy

CC2 = Busy after reset

CC3 = Commandreject

CC4 = Operator intervention required

CCS = Interface data check

CC6 = Controller busy

CC7 = Satisfactory

Commands

Commands to the customer DPC adapterare of two kinds:

adapter directed and device directed.

Adapter-directed commandsare IBM defined and perform

specific actions using only the adapter. These commands

must use the function and modifier codes specified.

Device-directed commandsare defined by the user. Be-

cause IBM does not know what device will be attached to

the feature card, the adapter-directed commandscan be

defined only in a general way that specifies whether informa-

tion will be transferred from the processor to the device or

from the device to the processor. For specific information

about device-directed commands, consult the specifications

for the device being connected.

Commands, Adapter Directed

The customer DPC adapter card executes the adapter-direct-

ed commandsshownin the followingillustration.

IDCB (immediate device control block)

Commandfield Device address field Immediate data field 6 4

ee 15 16 31

Hones(ENE:a
Chan R/W Functio Modifier Hex Specific command

0 0 10 1110 2E Read status word

0 0 10 1111 2F Read diagnostic data
0 1 10 0000 60 Prepare
0 1 10 0001 61 Set diagnostic mode

0 I 10 0010 62 Reset diagnostic mode
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Prepare

IDCB Gmmediate device control block)

Commandfield Device address field

0 1 1 00 0 0 OFX X KX X XK K XK X

O 7 § 15
SSE,

60 OO--FF

 

    

 

Immediate data field

Zeros | Level | ]

16 26 27 30 31

 

  
 

Execution of this commandprepares the customer DPC

adapter to interrupt on the level defined in the immediate

data field of the IDCB. All devices are prepared to the same

level and are enabled by the sameI bit. Previous Prepare

commandsare overridden.

If condition code 5 (interface data check) is reported, the

command was not successfully executed.

Set Diagnostic Mode

IDCB (immediate device control block)

Command field Device address field

01 1 00 0 0 14% K KX X KX XK XK X

O 7 8 15
_

61 OO~ FF

 

   
 

 

Immediate data field

X | Zeros |X X
16 17 29 30 31

 

  
 

Execution of the Set Diagnostic Mode commandsetsthe

adapter into diagnostic modeandresets the diagnostic

register. The diagnostic mode provides wrap-backto the

diagnostic register of the adapter control and data lines

which are available to the attached devices. This mode also

controls the generation of interrupts. The particular diagnos-

tic functions performed are controlled by the bits in the im-

mediate data field of the IDCB.

IDCB Bit 16 =0

Whenbit 16 of the immediate data field is 0, the Set Diag-

nostic Mode commandis directed to the adapter card. This

commandplacesthe adapter in the local-diagnostic mode.

Whenthe adapteris in local-diagnostic mode, output and

input parity-error bits in the status word are alwayszero,

all interrupts from the attached I/O devices are masked,

data from the I/O devices is ignored, and the data and con-
trol lines from the adapter to the I/O devicesare inactive.
Any subsequent device-directed commandsare responded

to by the adapter. Within these parameters, furtherre-

sponses are controlled by bits 30 and 31 of the immediate

data field.
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IDCB Bits 30 and 31 = 00

With bits 30 and 31 = 0, the adapterinitiates an attention

interrupt. The interrupt information byte (IIB) presented

is all zeros and the device addressis either DDDDO0000for

a 16-device, DDDDDO00 for an 8&-device, or DDDDDDOO

for 4-device configuration (the Ds are high-orderbits of the

device address on the adapter card). After the interruptis

serviced by the channel, the interrupt request will be reset.

If an additional interrupt request is desired, another Set

Diagnostic Mode commandwith the same data format must

be issued.

IDCB Bits 30 and 31 = 01

With bits 30 and 31 = 01, the adapter loads data into the

diagnostic register during any subsequent device-directed

command. The data loaded is device-directed command

dependent.

Write-or-Write-Control Command. The Write-or-Write-Con-

trol commandloads the immediate data field of the IDCB

into the diagnostic register. The contents of the diagnostic

register can be read by issuing a Read Diagnostic Data com-

mand. If an interface parity error is detected, condition

code 5 (interface data check) is returned, the commandis

not executed, and the data in the diagnostic register is not

changed.

Read-or-Read-Status Command. The Read-or-Read-Status

commandloadsall zeros into (1) the immediate data field

of the IDCB and (2) the diagnostic register. If condition

code 5 (interface data check) is reported, the data in the

IDCBis not valid and the data in the diagnostic register is

not changed.

IDCB Bits 30 and 31 = 10

With bits 30 and 31=10, the adapter loads the information

from the I/O devices into the diagnostic register. This load-

ing is done during any subsequent device-directed command.

Under this mode of operation, the data in the diagnostic

register is formatted as follows:

 

Attachment Attachment Device

function modifier address

16 20 21 24 25 27 28 31

Zero

     
 

The attachment function, attachment modifier, and

device address shown above represent controllines between

the adapter and the attached devices. The attachment-

function and modifier bits are equivalent to bits 1 through

7 of the commandfield in the IDCB.

The data loaded into the diagnostic register depends upon

the subsequent device-directed command.



Write-or-Write-Control Command. The Write-or-Write-Con-

trol commandloads the information from the adapter-to-

I/O device control lines into the diagnostic register. The

contents of the diagnostic register are read when a Read

Diagnostic Data commandis issued.

If an interface parity error is detected, condition code 5

(interface data check) is returned, the commandis not ex-

ecuted, and the data in the diagnostic register is not changed.

Read-or-Read-Status Command. The Read-or-Read-Status

commandloads (1) all zeros into the immediate-data field

of the IDCB and(2) the information from the adapter-to-

I/O device control lines into the diagnostic register. The

contents of the diagnostic register is read when a Read Diag-

nostic Data commandisissued.

If an interface parity error is detected, condition code 5

(interface data check) is reported, the data in the immediate
data field of the IDCBis not valid, and the data in the

diagnostic register is not changed.

IDCB Bits 30 and 31 = 11

The control lines described in “IDCB Bits 30 and 31 = 01”

and in “IDCB Bits 30 and 31 = 10”are logically ANDed for

any subsequent device-directed command,and theresult is

loaded into the diagnostic register. The data loaded into the

diagnostic register depends upon the subsequent device-

directed command.

Write-or-Write-Control Command. The Write-or-Write-Con-

trol commandloads the data resulting from the AND opera-

tion (described above) into the diagnostic register. The con-

tents of the diagnostic register is read when a Read Diagnos-

tic Data commandis issued.

If an interface parity error is detected, condition code 5

(interface data check) is returned, the commandis not ex-

ecuted, and the data in the diagnostic register is not changed.

Read-or-Read-Status Command. The Read-or-Read-Status

commandloadsall zeros into (1) the immediate data field

of the IDCB and (2) the diagnostic register. The contents

of the diagnostic register is read when a Read Diagnostic

Data commandis issued.

If an interface parity error is detected, condition code 5

(interface data check) is reported, the data in the immedi-

ate data field is not valid, and the data in the diagnostic

register is not changed.

IDCB 16=1

When bit 16 = 1, the customer DPC adapteris placed in the

external-diagnostic mode. While in the external-diagnostic

mode, device-directed commandsare passed to the I/O

devices, the control and data lines between the adapter and

the I/O devices function normally, and the data received

by the adapter from the I/O devices is loaded into the

diagnostic register.

Bits 30 and 31 of the immediate data field of the set-

diagnostic-mode IDCB provide variables for the external-

diagnostic mode. For example, whenbit 30 is on, all I/O

devices attached to the adapterare reset. Bit 31 functions

as a diagnostic-mode modifier.

The I/O-device designer defines the specific external-diag-

nostic-mode commands. Consult the literature for the

particular device for exact commanddefinitions.

Reset Diagnostic Mode

IDCB (immediate device control block)
 

    
Commandfield Device address field

O01 1 0 001 0}X X¥ KX K XK X XK X

0 7 8 15
aSe,

62 OO—FF

 
Immediate data field

Zeros

16 31

 

   

The Reset Diagnostic Mode commandresets the customer

DPC adapter diagnostic mode and diagnostic register. The

immediate data field of the IDCB is not used, but parity is

checked. |

If condition code 5 (interface data check) is reported,

the commandwasnotsuccessfully executed. If the adapter

is not in diagnostic mode, the commandis accepted, but no

resetting is performed.

Read-Adapter-Status-Word

IDCB (immediate device contro! block)
 

    

Commandfield Device address field

001 01 1 21 07;X KX X XK X X X X

0 7 & 1S
See,

QE OO-—FF

 

Immediate data field

Status word from attachment

16 Jl

 

   

The Read-Adapter-Status-Word commandtransfers the 16

bits of the adapter-status svord to the immediate data field

of the IDCB. The output and input parity-error bits are re-

set. (These twobits are also reset by the successful execution

of any other I/O command.)

If condition code 5 (interface data check) is reported, the

status word in the [DCB datafield is not valid.
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After the Read-Adapter-Status-Word commandis executed,

the status-wordbits in the second word of the IDCB have

the following meaning:

 

mmediate data field

xX X X X X X X X{[0 000000 0
16 23 24 31

 

   

L Diagnostic Interrupt Masking— Interrupts

from the attached devices are masked

during external diagnostic mode,

Four device addresses. - Bight device addresses. Parity option selected. Input parity error—parity error was

detected between an 1/O device and

the attachment feature during a de-

vice-directed output commana,  Output parity error— parity error was

detected between the channel and

the attachment feature during a de-

vice-directed output command.  External-diagnostic mode,  Local-diagnostic mode,

Read Diagnostic Data

IDCB (immediate device control block)

Command field Device address field

0 0-1 0 1 1 1 LYX X KX X X X X X

0 7 8 1S

 

    

oF OO—-FF

 

Immediate data field

Data fromdiagnostic register

16 31

 

   

The Read Diagnostic Data commandtransfers the 16 bits from

from the diagnostic register into the immediate data field of

the IDCB. The diagnostic register is not reset.

If condition code 5 (interface data check) is reported, the

data in the IDCB is notvalid.

If the adapter is not in diagnostic mode, execution ofthis

command will transfer all zeros to the IDCB immediate

datafield.
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Commands, Device Directed

IBM defines two device-directed commands: Read ID and

Device Reset. All other device-directed commandsare de-

fined by the I/O-device being connected.

 

    

Read ID

IDCB (immediate device control block)

Command field Device address field

0010 00 0 0;/X KX X K XK X X X

0 7 8 1S
LS

20 OO—FF

 

Immediate data field

ID word from attachment

16 31

 

   

The Read ID (identification) commandtransfers the ID

word from the device and the customer DPC adapter to the

immediate data field of the IDCB. The contents of the ID

word are:

 

   1 00000 0 0}KX X KX KX XC 0 1
 

0 7 § 15

Controller device

Device Reset

IDCB (immediate device control block)

Commandfield Device address field

O01 10: 1 1 TX X KX X X X OX OX

0 7 8 i)

6F OO— FF

 

    

 

Immediate data field

Zeros

16 31

 

   

The Device Reset commandresets the addressed device.

Any pending interrupts are cleared.



Designer-Defined Device-Directed Commands

The following designer-defined commands (except those

combinations of XXXXsthat result in IBM-defined com-

mands) are available for use with the customer DPC adapter.

Note that any unspecified or IBM-defined bit combinations

for the IDCB commandfield are reserved, and must not be

used.

Commandfield Command type

QO00 xxxx Read data

0001 xxxx Read data

0010 xxxx Read status

0100 xxxx Write data

QO101 xxxx Write data

0110 xxxx Write control

Read Data

The Read Data commandtransfers 16 bits of data from the

addressed device to the immediate data field of the IDCB.

Read Status

The Read Status commandtransfers 16 bits of status from

the addressed device to the immediate data field of the IDCB.

Write Data

The Write Data commandtransfers 16 bits of data from the

immediate data field of the IDCB to the addressed device.

Write Control

The Write Control commandinitiates a control action in the

addressed device. A word transfer from the immediate data

field of the IDCB may or may not accompany a Write Con-

trol command.

Interrupt Presentation and Status Words

The I/O devices attached to the customer DPC adapter may

be designed as interrupting devices capable of executing

commands that initiate operations which continue beyond

the execution of the Operate I/O instruction. Processorin-

terrupt is effected by these devices at the termination of the

operation specified by the initiating command.

Whena device presents an interrupt, it also presents a

condition code that at least specifies the general cause of the

interrupt, and maypresent an interrupt status byte that

specifies the exact cause of the interrupt.

Interrupt Condition Codes

Whena device presents an interrupt, it also presents one of

the condition codeslisted in the table below. Refer to the

documentation supplied with the I/O device for information

not presented in the following explanations.

Condition

Code Meaning

0 Controller end*—reported by a controller

after it has successfully reported condition

code 6 (controller busy) to an I/O instruction.

Controller end signifies that the controlleris

free to accept I/O commandsfor the devices
it controls. The device address reported with

the controller-end interrupt is the lowest

numerical value of the group of devices con-

trolled by that controller domain. The IIB

(defined below) will be zero.

* The controller is the customer DPC adapter

card controllogic circuits.

] Notreported.

2 Exception interrupt—reported when anerror

or exception condition is associated with the

interrupt. The condition is described in the

interrupt-status byte (defined below) and in
device-dependent status words,if required.

Device end—‘eported when noerror, except-

tion, or attention conditions occur during

the I/O operation.
4 Attention—reported when the interrupt was

caused by an external event rather than ex-

ecution of an I/O command.If the event has

a singular meaning, no further status record-

ing is required.

G
o

5 Notreported.

6 Attention and exception—reported when at-

tention and exception conditions occur

simultaneously.

7 Attention and device end—reported whenat-

tention and device-end conditions occur

simultaneously.

Interrupt-Information Byte

Each interrupting device presents an interrupt-information

byte (IIB) to the processor. The IIB contains status informa-

tion that cannot be indicated to the program via condition

codes. Each IIB is device dependent. For IIB information on

specific customer DPC adapter applications, refer to the

documentation supplied by the I/O-device designer. The

IIB for devices has the following format:

| IIB | Deviceaddress |

0 7 §& 15
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Interrupt-Status Byte Condition Reset

The interrupt-status byte (ISB) is a special format of the

IIB and is presented only when interrupt condition codes Diagnostic Diagnostic Status

2 and 6 are reported. Unless the condition code presenta- mode register register

tion of 2 or 6 is singular in meaning, the ISB will never be

Zero. Power-on

The ISB is set when status errors which cannot bere- reset x x x

ported by acondition code occur during a comman4d-initi- System

ated operation. After the interrupt request has been taken reset X X X

by the processor, the adapter resets the ISB.

The ISB for devices has the following format: Halt-1/O

. . . command x x Xx
Bit 0 Device-dependentstatus available or

Bit 1 Delayed commandreject machine

Bits 2—7 Device dependent check  
Status After Power-On Transitions and Resets

qd c Refer to the documentation supplied by the I/O-device
The following table lists the resets for the various resetting designer for reset conditions that apply to each device attach-
conditions. ed to the adapter.
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addressing

customer DPC adapter 5-2
integrated digital I/O feature 4-5

teletypewriter adapter 3-3

timer 2-3

arm-DI-external-sync command 4-7

arm-DO-external-sync command 4-10

arm PI command 4-7

attachment options, teletypewriter adapter 3-1

bit-transfer rates 3-1

channel 1-1

channel repower feature 1-2

channel socket adapter feature 1-2

character format, teletypewriter 3-8

commands

customer DPC adapter 5-3
adapter directed 5-3

device directed 5-6
integrated digitalI/O feature 4-7, 4-10
teletypewriter adapter 3-3

normal receive operation 3-3

overrun receive operation 3-3

timer 2-4

condition codes (see status information)

customer direct program control adapter 1-3, 5-1

addressing 5-2

commands 5-3

commands, adapter directed 5-3

prepare 5-4

read-adapter-status-word 5-5

read diagnostic data 5-6

reset diagnostic mode 5-5

set diagnostic mode 5-4

commands, device directed 5-6

designer-defined device-directed commands 5-7

device reset 5-6

interrupt presentation and status words 5-7

read ID 5-6

status after power-on transitions and resets 5-8

condition codes reported during operate I/O
instruction 5-2

functional description 5-1

introduction 1-3

operate I/O 5-2
programming information 5-2

cycle steal 1-2

data rates, teletypewriter 3-11

data transmission, teletypewriter 3-8

designer-defined device-directed commands 5-7

Index

device reset command

customer DPC adapter 5-6

integrated digital I/O feature 4-8, 4-11

teletypewriter adapter 3-4

timer 2-7

DI external sync, integrated digital I/O feature 4-3
digital input, integrated digital1/O feature 4-3

DI external sync, integrated digital I/O feature 4-3
process interrupt (PI), integrated digital I/O
feature 4-4

digital output, integrated digital I/O feature 4-4

DO external sync 4-4

direct program control (DPC) 1-2

disable DO command 4-11

DO external sync 4-4

duplex 3-11

external gate, timer 2-6

halt I/O command
teletypewriter adapter 3-5

timer 2-7

I/O channel 1-2
cycle steal 1-2

direct program control (DPC) 1-2

error checking 1-2

initial program load (IPL) 1-2

interrupt servicing 1-2

relationship to attachments 1-1

I/O commands(see operate I/O)
I/O interrupt (see status information)

initial program load (IPL), teletypewriter adapter 3-2

integrated digital input/output non-isolated

feature 1-3, 4-1

addressing 4-5

commands,digital input 4-7

arm-DI-external-synce 4-7

arm PI 4-7

device reset 4-8

prepare 4-7

read DI 4-8

read ID 4-9

read PI 4-8

read-PI-with-reset 4-9

read status 4-9

set-test-O0 4-7

set-test-1 4-7

commands,digital output 4-10

arm-DO-external-sync 4-10

device reset 4-11 _

disable DO 4-11

Index X-l



integrated digital input/output non-isolated feature (continued)

commands, digital output (continued)

prepare 4-10

read DO 4-11

read ID 4-10

read status 4-11

set-diagnostic-external-sync 4-11

write DO 4-10

condition codes reported during operate I/O
instruction 4-12

digital input 4-3

Dl external sync 4-3

process interrupt (PI) 4-4

digital output 4-4

DO external sync 4-4

functional description 4-1

interrupt presentation and status words 4-13

DI status word and interrupt ID word 4-13

DO status word and interrupt ID word 4-14

introduction 1-3

operate I/O 4-5

programming information 4-5

simplified data flow 4-2

status after power transitions and resets 4-14

summary of digital input commands 4-6

summary of digital output commands 4-6

interval timing 2-10

introduction 1-1

customer direct program controladapter 1-3

I/O channel 1-1

integrated digital input/output non-isolated

feature 1-3

teletypewriter adapter feature 1-2

timer feature 1-2

IPL, teletypewriter adapter 3-2

operate I/O instruction
customer DPC adapter 5-2

integrated digital I/O feature 4-5
teletypewriter adapter 3-2

timer 2-3

prepare command

customer DPC adapter 5-4

integrated digital I/O feature 4-7, 4-10
teletypewriter adapter 3-4

timer 2-5

process interrupt (PI), integrated digital I/O
feature 4-4

processor 1-1

I/O channel 1-1
pulse duration counting 2-10

pulse or event counting 2-10

read-adapter-status-word command 5-5

read command

teletypewriter adapter 3-5

read DI command 4-8

read-diagnostic-data command 5-6

read DO command 4-11
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read ID command ;

customer DPC adapter 5-6

integrated digital 1/O feature 4-9, 4-10
teletypewriter adapter 3-5

timer 2-7

read Pl command 4-8

read-PI-with-reset command 4-9

read status command 4-9, 4-11

read timer mode command 2-7

read timer value command 2-7

receive operations, teletypewriter 3-9

reset (see device reset command)

reset-diagnostic-mode command 5-5

reset-to-diagnostic-wrap command 3-4

set-diagnostic-external-syne 4-11

set-diagnostic-mode command 5-4

set-test-O command 4-7

set-test-1 command 4-8

set timer mode command 2-5

set-timer-period-and-initial-value command 2-5

Start timer, aperiodic command 2-6
start timer, periodic command 2-6

status information

condition codes

customer DPC adapter 5-2, 5-7

integrated digital I/O feature 4-12
interrupts and status words, integrated digital

W/O 4-13

teletypewriter adapter,I/O interrupt 3-6

teletypewriter adapter, operate I/O instruction 3-6

timer, I/O interrupt 2-9

timer, operate I/O instruction 2-8
I/O interrupt

customer DPC adapter 5-7

teletypewriter adapter 3-6

timer 2-8

status after reset

customer DPC adapter 5-8

integrated digitalI/O feature 4-14

teletypewriter adapter 3-7

timer 2-9

stop bits 3-8, 3-11

stop timer command 2-6

summary of digital input commands, integrated digital

1/0 4-6

summary of digital output commands, integrated digital

1/0 4-6

teletypewriter adapter feature 1-2, 3-1

addressing 3-3

commands 3-3

device reset 3-4

halt I/O 3-5

prepare 3-4

read 3-5

read ID 3-5

reset-to-diagnostic-wrap 3-4

write 3-5



teletypewriter adapter feature (continued)

data transmission 3-8

functional description 3-1
initial program load (IPL) 3-2

introduction 1-2

operate I/O instruction 3-2
operational characteristics 3-8

programming considerations for maximum rates 3-11
programming information 3-2

status information 3-6
condition codes reported for I/O interrupt 3-6
condition codes reported for operate I/O

instruction 3-6
I/Ointerrupt 3-6
status after resets 3-7

timer feature 1-2, 2-1

addressing 2-3

application examples 2-10
interval timing 2-10

pulse duration counting 2-10

pulse or event counting 2-10

block diagram 2-1

commands 2-4

device reset 2-7

halt I/O 2-7
prepare 2-5

read ID 2-7
read timer mode 2-7

read timer value 2-7

set timer mode 2-5

set-timer-period-and-initial-value 2-5

start timer, aperiodic 2-6
start timer, periodic 2-6

stop timer 2-6

external signal lines 2-2

customer clock 2-2

external gate 2-2

external gate enable 2-2

run 2-2

functional description 2-1

introduction 1-2

operate I/O 2-3.
programming information 2-3

status information 2-8

condition codes reported for I/O interrupt 2-9

condition codes reported for operate I/O
instruction 2-8

1/O interrupt 2-8
status after resets 2-9

timing diagram, teletypewriter receive operations 3-10

timing diagram, teletypewriter transmit operation 3-9

transmission-receive rates, teletypewriter 3-11

transmit operation, teletypewriter 3-8

write command

teletypewriter adapter 3-5

write DO command 4-10

Index X-3
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