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INTRODUCTION

This document describes a general purpose software subroutine package which
can be used with one of the Data General Real Time Operating Systems (RTOS or
RDOS) to control the operation of the Type 4060/4073 Communications Multiplexer
System (CMS). '

The Data General CMS enables any Data General coraputer to communicate with
and control terminal devices over a variety of communication facilities, including
both synchronous and asynchronous lines. A system is configured from a
number of essential and optional subsystems which allow the system character-
istics to be adjusted to match the anticipated usage. The modularity of the Type
4060/4073 hardware permits simple system expansion or the addition of new
features as the need arises.

The basic features of this software package include:
¢ Reentrant software suitable for a multitasking environment

e Software matches the line characteristics

Easy implementation of line or terminal procedures

Complete compatibility with standard DGC Operating Systems

Optional modem control capabilities



The following DGC publications will assist users of this software package:

014 -000004

014 -000015

017-000002

017 -000006

093-000056

093-000075

093-000083

093-000093

Type 4060 Asynchronous Multiplexer

Programmabie Synchronous Line Adapters (Type 4073/4074)

User Device Driver Implementation in the Real Time
Disk Operating System

User Device Driver Implementation in the Real Time
Operating System

Real Time Operating System Reference Manual

Real Time Disk Operating System User's Manual

Introduction to the Real Time Disk Operating System

Introduction to the Real Time Operating System
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CHAPTER 1

HARDWARE DESCRIPTION

Introduction

The Communications Multiplexer System (CMS) enables any Data General computer
to communicate with and control terminal devices over a variety of communication
facilities. The system is composed of one or more Type 4060 and /or Type 4073
multiplexer boards. An appropriate number of Type 4026/4027 modules can option-
ally be included to provide modem control and auto-answer capabilities.

The 4060,/4073 modules can be intermixed to form a combination synchronous/bisyn-
chronous/asynchronous multiplexing system. All circuitry required for the multi-
plexing function is distributed on interface card subsystems which each handle

four lines. There is no common control circuitry; each four -line interface card is
self-contained, including all the circuitry necessary to receive, transmit and

buffer characters for 4 lines. From 1 to 16 cards serving 4 to 64 lines operate
together as a multiplexing system. A number of four-line receiver/transmitter
cards appear as if they were a single I/O device connected to the computer under

a single device code.

Asynchronous Line Control

The Data General 4060 Asynchronous Multiplexer enables a Data General computer
to communicate with and control terminal devices over asynchronous communica-
tions facilities.

The modularity of the 4060 hardware provides the following features:

a) Four complete line interfaces on each standard subassembly card.

b) Easy system expansion from a minimum of four lines to a maximum of 64 lines.

q) Direct (current loop) connection, modem (data set) interface, or modem control
for automatic answer.

d) Full duplex operation.
e) Hardware character assembly/disassembly with full character buffering.
f) Several distinct communications line speeds in a single system (73, 110, 134.5,

150, 300, 600, 1200, 2400, 4800, 9600 baud)., Custom baud rates available
upon request. :
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Asynchronous Line Control (Continued)

g) Several transmission codes in a single system (5, 6, 7, and 8-level with 1 or
2 stop bits). One and one half stop bits are available on 5-level code only.

In communicating with the terminal or data set, the multiplexer hardware performs
all character assembly and disassembly into the serial bit streams required. Start
and stop bits are inserted on transmission and are stripped out on reception.

) Character buffering is provided on both reception and transmission so that the pro-
gram has a full character time to respond without losing input data or reducing
transmission rate.

.he multiplexer is flexible in line capacity, transmission code, and line speed. It

* can accommodate from four to 64 full duplex asynchronous lines, in multiples of
four, at speeds including 9600 baud. The transmission code structure (character
size and number of stop bits) and line speeds are selectable by the user so that an
installation can be reconfigured with minimal hardware change.

Synchronous Line Control

The 4073 Synchronous/Bisynchronous Line Adapter (SLA) provides an interface
between a Data General computer and a Synchronous line. Each 4073 contains
4 lines without modem control circuitry. The 4026/4027 interface board is
available for modem control and will interface up to 8 full /half duplex auto-
answer data sets.

The basic function of the 4073 line adapter is to provide an interface between a
ocessor and a line, performing character assembly and disassembly into a serial
. t stream. Assembled characters are passed to the processor on a program inter-
rupt basis. One complete character of buffering is provided on both reception and
transmission so that the program has a full character time to respond without losing
input data or reducing transmission rate. SYN characters are detected by the hard-
ware on reception and SYN or DLE SYN sequences are inserted as needed on trans-
mission. On reception, an I/O instruction reads a word containing a line number,
a character, and control information. On transmission, an I/O instruction reads a
line number, indicating that a character has been transmitted. The program must
respond by outputting a word containing the line number and the next character.
Multiplexing occurs since the I/O instruction to read line number/character /control
words always affects only one line on the several cards. The choice of a specific
card to be read is made automatically by the hardware in priority order, lower line
numbers having the higher priority. Thus, in a system with mixed data rates, the
higher speed lines should be assigned to lower line numbers.



Synchronous Line Control (Continued)

The transmission code structure (character size, SYN, and DLE characters) are
selectable by the user under program control so that an installation can be recon-
figured with no hardware ckange. The SLA enforces no control discipline: such
discipline is the responsibility of the program.

A clock is provided for systems requiring an external clock for their modems or for
systems containing no modem. Square waves are available at 19. 2K baud, 96Q0
baud, 4800 baud, 2400 baud, and 1200 baud. A pair of synchronous line adapters
installed in computers up to a few hundred feet apart provide a data path not re-
quiring a modem.

Modem Control

In order to use a four-line receiver /transmitter card with Bell System 103 Type
data sets (modems) or equivalent equipped for automatic answer, additional modem
control circuitry is required. This circuitry is not required on lines with manual
answer or for dedicated (leased) lines. The control must be provided using the

type 4026 interface subassembly with two type 4027 interfaces for each group of four
lines controlled. The 4027 interface provides control of the Data Terminal Ready
(Circuit CD) and permits detection of the Ring Indicator (Circuit CE) and Data Set
Ready (Circuit CC). Note that the Clear to Send signal and the Carrier Detector
signal (Circuit CF) carry identical signals in normal 103 type modem operation. A
maximum of four 4027 interfaces can be supplied with each 4026 interface subassem-
bly, which is sufficient to service 8 lines.

In order to use the four-line receiver/transmitter card with Bell System 202 Type
data sets (modems) or equivalent equipped for automatic answer on a two wire (half

duplex) line or in a multipoint network, control circuitry is provided for Request-
to Send (Circuit CA) and detection of Data Carrier (Circuit CF).

35 ok ok ok Kk
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CHAPTER 2
SOFTWARE PACKAGE OVERVIEW

The Communications Multiplexer (CMS) software subroutine package is implemented
as a runtime defined device driver for use with one of Data General's Real Time
Operating Systems (RTOS or RDOS). RDOS is a real time disk-based operating
system that controls real time applications through a powerful multitasking system.
RTOS is a core-based, compatible subset of RDOS. The CMS software package
makes effective use of these operating systems, needing only the interrupt servic-
ing provided by them and the multitasking capability. These operating systems do
provide support for the other non-communications type devices such as card readers,
line printers, plotters, disks, magnetic tapes, etc., sO that the user will find it
most beneficial to use one of these standard, off-the-shelf Data General systems.

The CMS package is procedure -independent and therefore procedure routines must
be written to provide the functions of message assembly /disassembly, code conver-
sion and control character detection and generation. A simple interface is provided
in the driver for this line procedure. A Teletype ™ line procedure is provided as
part of the standard software package. In addition, an interface exists between a
multi-tasking application and the driver/line procedures.

Additional information necessary to modify or to implement other line procedures
is provided in Chapter 5 of the document, :

To understand fully the operation of the CMS software package, it is helpful to
follow data and program control as it passes from the hardvare to the usor data
buffer and from the user data buffer out to one of the communication lines. The
software can be thought of as being divided into three functional levels as shown in

Figure 2-1.

Not shown in this figure are the various data structures that must be available for
these software modules. These data structures include line tables containing the
required hardware and handler -related parameters along with information required
by each line procedure, control blocks, and buffer areas. An example of some of
the line procedure parameters that may be defined are receiver and transmitter
flags, timeout and setup information, and code conversion table pointers. The data
structures will be elaborated with examples in Chapter 3.

*Teletype ® is a registered trademark of Teletype Corporation, Skokie, Illinois.
All references to Teletype in this manual shall apply to this mark.
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SOFTWARE PACKAGE OVERVIEW (Continued)

The first level provides an interface between one of the Data Ceaneral Real Time
Operating Systems, the CMS hardware, and the CMS interrupt servicing routines.
The interrupt servicing routine QISR is entered from RTOS/RDOS for any CMS
interrupt (input or output) and control remains there until all CMS interrupting
lines have been cleared. Interrupt service is composed of *wo parts: receive and
transmit.

Receive interrupts cause the associated input characters to be passed to the associ-
ated input line procedure after it is verified that the line exists and has a line table
assigned. Likewise for transmit interrupts, the associated output line procedure
is called to get the next character for transmission on the line.

After all receive and transmit interrupts are processed, a return is made to the
operating system. It is up to each line procedure to signal the completion of
receive or send control blocks to the associated tasks via the enqueuing mechanism
of the basic handler.

QFCN contains a number of reentrant subroutine functions which allow the line pro-
cedures to issue commands to either the data or modem controllers on a line basis.
QENQ/QPENQ are routines in the QLPIF module. These routines enqueue control
blocks after blocks of data have been transmitted or received. Additionally they
signal user tasks that transmission or reception of data is complete.

The second level provides a set of modules that interface the user tasks with the
operating system and the CMS software handler. This level is comnosed of three
primary sections: line/multiplexer control, input/output initiation operations, and
the end of input/output operations processing.

Multiplexer control is provided by the IQMS/DQMS module which connects/discon-
nects the CMS handler to/from the RDOS/RTOS interrupt system using the standard
operating system calls. After the handler is initialized, any interrupts generated
by the CMS are processed by the interrupt service routine of the handlex. The
QMOD module retrieves from the hardware (associated 4026 /4027) the current
status of the modem connected to the indicated line. When called, the QMAA
module will scan all modem-controlled lines and perform auto-answer (modem

line connect) and auto disconnect functions depending on the modem status of the
lines.



SOFTWARE PACKAGE OVERVIEW (Continued)

Input/output operations are initiated by passing control rlccks to the handler via

the QRECV and QSEND interface modules. After data has been successfully received
or sent, user tasks may determine this by making calls to the QDEQ/QNDEQ
modules to obtain the address of a processed data control blcck. A complete
description of the functions performed by each of thece modules is provided in
Chapter 4. Calling sequences are also defined there.

The third level is the user application program. This program will consist of one
or more tasks which will initiate data transfers and receptions, monitor line and
modem status, and process the data provided by the handler. It will make calls to
the CMS handler through macro calls to the user interface routines of level two
discussed above. Organization and implementation of the user application program
is described in Chapter 6. In addition, a working example of an application program
is provided in Appendix C.
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CHAPTER 3

DATA STRUCTURES

In order to support the CMS subroutine package, a number of data structures
(tables, parameters and buffers) are necessary. They are the following:

Device Control Table (DCT)

Li.ne Table Directory (LTD)

Line Table (LT)

Modem Table (MT)

Line Procedure Table (LPT)
Data Control Block (DCB)
Configurable Parameters

(QMIO)

Control Block Queue (CBQ)

required for all RTOS/RDOS
handlers

contains pointers to all line tables

one table per line containing line-
specific information

contains I/0O instructions and
status for all modem-controlled

lines

one table per procedure relating
procedure to line

contains information controlling
each line reception or transmission

driver -specific parameters

contains line procedure interface
information

All except the device control table, modem table and the configurable parameters
must be user-supplied. These tables are all defined in the QMIO module.
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Device Control Table (DCT)

There is one DCT for each CMS system, since this is required by any driver
routine running under the operating system (RTOS or RDOS). The DCT and its
associated storage is thirteen words long; the DCT is constructed as follows:

|

WORD MNEMONIC

MEANING

XISVA
DCTSV
DCTMS
DCTIS
DCTHL
DCTDC -

W N~ O

Machine State Save Area (8 words long)

Pointer to State Save Area (XISVA)

Interrupt Service Mask

Address of Interrupt Service Routine

Highest Line Number in System (0 - 63;() .
4060/4073 Device Code (30, 70)

The Device Control Table is defined in the QMIO module. A sample DCT and its
associated storage appears below:

DTMSK = 77

QHLIS = 1
QM1 = 30
XISVA: .BLK 10

QMDCT: XISVA
DTMSK
QISR
QHLIS
QM1

Line Table Directory (LTD)

; Interrupt Service Mask

; Specifies the mask priority bits that will be set
; in the hardware while servicing the multiplexor
; interrupt (Bl4 for the CMS, the others for lower
; priority devices)

; Highest line number

; Device Code 30

; State Save Area

; State Save Area Pointer
; Interrupt Service Mask .
; Interrupt Service Routine Address

; Highest line number in system

; Primary device code

One table is required in the system with one entry for each line table. The number
of entries equals QHLIS + 2 where QHLIS = highest active line number in the system
(0 - 63). Each entry in the table contains a word address pointer to a line table or
is zero indicating no line table exists for this line. The last entry in the table must
be equal to all ones (-1). The table is indexed by line number. The address of the
table is defined by the parameter QLTDP.

An example of the relationship between the LTD and line tables follow:
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Line Table Directory (LTD) (Continued)

2 -

Line Table (LT)

' LT0 -1 TO:
LTl —1.T1: |
| L2 ! 1. T2:
{ 1  —— e
i _ -
T
l - e —— —_—_—
!
I - S
E l
————— ’ - ———— [: ———
_._____9_._ ' Modem
LTI5 |—wLT15:] j Synchronous . Entries
-1 i Entries

Timeout
Entries

T

There is one table for each active line in the system, and each table can be any
length. However there is a minimum number of words required. This number
depends on whether the line table defines a procedure which is asynchronous,

synchronous, modem controlled and /or requires line timeouts.
An asterisk beside a field indicates that the value must
A double asterisk indicates a field set by

for these requirements.
be present at initialization time.

initialization routine IQMS. The words must be in the following order:

3-3
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Line Table (LT) (Continued)

WORD MNEMONIC  BITS  MEANING

-3 LTTTO TRANSMITTER TIMER
1-15 Transmitter timeout counter

-2 LTRTO RECEIVER TIMER
1-15 Receiver timeout counter

-1 LTTLK TIMEOUT LINK
1-15 Pointer to next line in timeout scan

chain
0 LTLNC HARDWARE LINE CHARACTERISTICS

0 *Line type (Asynch/Synch = 0/1)

1-5 **00001 (Synch line only)

6-7 *Character size including parity bit
(Synch line only)

00 - 8 bits
01 -7 bits
10 - 6 bits
11 - illegal
8-15 *DLE Character right-justified (Synch
line only)
1 LTLPT LINE PROCEDURE TABLE

0-15 *[ ine Procedure Table Address

2 LTALA LINE NUMBER
» 0-7 **Line Number (0 - 63;(p)
8-15 **0 (Zero)

3 LTCHR TRANSMIT CELL
0-1 0 Send character only.

1 Send character and leave transparent
mode.

2 Send DLE plus the character and
enter transparent mode.

3 Send DLE plus the character and
leave transparent mode.
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Line Table (LT) (Continued)

WORD MNEMONIC

BITS

MEANING

3

4

unt

10

(Continued)

LTSTW

LTRXT

LTRXP

LTTXT

LTTXP

LTSYN

LTSCT

O 0o~ wh = O
]
(@)

10-13
14
15

1-15

0-15

1-15

Generate SYNs if set.

Last character indicator.

Not used.

Output character (leading zeroes, right-
justified).

LINE STATUS WORD
*Line active in system
*Line modem controlled
*Line modem controlled with Auto Answer
Not used
**Request to Send (RTS) ON/OFF (1/0)
*Receiver ON/CFF (1/0)
**Data Terminal Ready (DTR) ON/OFF (1/0)
Not used
*Timeout Enable
*Line full /half duplex (0/1)

RECEIVE CONTROL BLOCK
Receive Control Block Address

RECEIVE BUFFER
Receive Buffer Byte Pointer

TRANSMIT CONTROL BLOCK
Transmit Control Block Address

TRANSMIT BUFFER
Transmit Buffer Byte Poi.nt:er

SYN CHARACTER (Synch Line Only)
**Both Set (11)
*Number of Leading SYNs (1-31)
*SYN Character, right-justified

SYN COUNT
Current number of SYNs to send
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Line Table (LT) (Continued)

WORD MNEMONIC BITS

11 LTMIO
1-15

12 LTMSK
0-15

MEANING

MODEM TABLE {modem-controlled line
only)
Modem table address

MODEM LINE MASK
Bit mask for modem-controlled line

The basic structure of each line table is as follows:

Timeout Entries

[

i

{ @)
LT: i' ’ :
(Address | Driver and Line |
placed in Procedure
LTD)

Intexrface Entries ‘

)

{

' Syncﬂl_‘onous Eﬂtrles
@
Modem Entries
@ f

User-Defined Entries, |

e g e e =@

if any i
|

e e

Y

} Timeout

} Asynchronous

line required Synchronous

line required Modem

/

controlled
line required

Figure 3-1 Line Table Structure
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Modem Table (MT)

One modem table is required if there is at least one modem -controlled line in the
system. The table contains I/O instructions (e.g., DIA) for each 4026 device in
the system and space for modem status information. The table is generated by the
QMIO module.

The table is composed <f up to four consecutive 4 word sections - one section for
each 4026 in the system. Each section contains information for 8 lines which
are numbered 0-7, 8-15, 23-24, 25-31 for sections 1, 2, 3, and 4 respectively.
Thus, up to 32 half/full duplex modems can be supported by the system.

The relation between entries in this table and the physical line of the multiplexor
is determined by the line's line table entries. The first entry (LTMIO) is the
address pointer (QMT1-QMT4) to the appropriate four word section of the modem
table. The second (LTMSK) is the bit mask for the line (QMLO -QML31). See
the QMIO and QMPAR listings in the appendix for descriptions of the parameters.

The structure of each secfion is as follows (a -1 is required to indicate the end
of the table):

WORD MNEMONIC MEANING

0 MTRIN DIA instruction (for device 2x(x=4, 3, 6,7) to input
the Ring Indicator (RI) status (BO-B7).

1 MTDSR DIB instruction to input Data-Set-Ready (DSR) status
MTCDT (B0O-B7) and Carrier Detect status (BS-15).
2 MTDTR DOA instruction to output Data-Terminal -Ready
MTRTS (DTR) status (B0-B7) and Request to Send status
(88 'B].S).
3 MTDVL DTR status (B0-B7) and RTS status (B§-B15)
MTRVL

3-7



Modem Table (MT) (Continued)

A sample modem table is as follows:

QMTI1: DIA 0, MDC ;Device 24 - RI

DIB 0, MDC ;Device 24 - DSR/CD

DOA  0,MDC ;Device 24 - DTR/RTS

0 ;DTR/RTS status - lines 0 - 7
QMT2: DIA 0, MDC+1 ;Device 25 - RI

DIB 0, MDC+1 ;Device 25 - DSR/CD

DOA  0,MDC+l ;Device 25 - DTR/RTS

0 ;DTR/RTS status - lines 8 - 15
-1

The line table for a line with a 103 type modem connected to a 4026 /4027 combina-
tion with device code 25 and connected as line 12 (the fifth line on that device) is
as follows:

LT:
LT+LTMIO QMT?2 ;Points to second section of table.
LT+LTMSK QML12 ;=4000 (1B4 - fifth bit from left)

Line Procedure Table (LPT)

There must be one LPT for every line procedure in the system. A pointer to each
LPT is contained in each line table. A minimum of one line table is required for
each system. Each LPT must be at least two words long (three if lines are modem-
controlled or four if clock functions are used) and contain the following information.

WORD MNEMONIC  BITS MEANING
0 LPILP 0-15 Input line procedure address
1 LPOLP 0-15 Output line procedure address
2. LPMLP 0-15 Modem line procedure address (if modem
controlled)
3 LPTLP 0-15 Timeout line procedure address (if clock

function used)
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Line Procedure Table (LPT) (Continued)

An example of a line procedire table for a non-modemnt-controlled line is shown in
the supplied Teletype line procedure listed in Appendix B and is of the following
format:

QTTLP: QIP  ;Teletvpe Input Processor
QOP ;Teletype Output Processor

Control Block (CB)

The control block is the mechanism required to control line transmission and re-
ception of data via the handler. Each CB contains information for and is maintained
by a line procedure. A separate CB is required for each reception or transmission
on each line. The following is the required construction of each:

WORD MNEMONIC BITS MEANING
0 CBLK 1-15 Used for linking CBs
1 CBBF 0-15 Start of Buffer Byte Pointer
2 CBCT 0-15 Byte Count
3 CBDL 0 Receive/Transmit flag (1/0)
1-9 Reserved for handler
10-15 Line number (0 - 63)
4 CBRT 0-15 Temporary storage (return pointer)

Configurable Parameters (QMIO)

Several parameters must be specified when the driver is included in a system
load, and are in addition to the information needed in other data structures (i.e.,
LTD, LT, LPT). These additional parameters are defined in the QMIO module.

QM1 - 4060/4073 Device Code (30 or 70)

QM3 - Modem Controller (4026) Device Code (24)
QHLIS - Highest Line Number in system (0 - 6310)
QMLNM - Line number mask (77)

QMDCT - Device Control Table Address

QMT1-QMT4 - Modem Table Addresses
The following user-supplied parameter is also required:

QLTDP - Line Table Directory Address
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Control Block Queue (CBQ)

The Control Block Queue is maintained by the line procedure interface programs
and includes the following information contained in the QLPIF module.

QMCL - The cell used in the . IXMT, .REC calls by
the line procedure interface.

QMAD - The control block queue header which describes
the queue. It is two words long and is structured
as follows:

WORD MEANING

0 Sta;‘t of queue (SOQ) pointer (-1 or first control block on queue)
1 End of queue (EOQ) pointer (-1 or last control block on queue)

ook ok K
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CHAPTER 4
BASIC HANDLER

The Communications Multiplexer Software Package contains a number of modules
making up the basic handler. These permit tasks to communicate on a block or
message level basis with any active line in the system. The calls can be made from
any task. Unless specified otherwise, the following format is used to describe

all CMS calls.

AC(s) - input accumulator parameters

call mnemonic

error return (if any)
normal return
AC(s) - accumulator outputs
If the error return is reserved and is taken, an appropriate error code will be
returned in ACO. AC3 contains the contents of USP (User Stack Pointer) upon any
return. Except for AC3, if output accumulator contents are not specified, they are
not defined; output accumulator contents are not restored unless it is stated

explicitly that they are restored.

The following routines make up the package:

.CMIN - Initialize the CMS (IQMS module)

.CMDA - Deactivate the CMS (IQMS module)

.CMSD - Send Data (QSEND module)

.CMRD - Receive Data (QRECV module)

.CMDQ - Dequeue Control Block with Pend (QLPIF module)
.CMNQ - Dequeue Control Block without Pend (QLPIF module)
.CMMS - Get Modem Status (QMOD module)

.CMAA - Test Auto Answer/Disconnect (QMAA module)

Any call that is to be issued must be referenced in an . EXTN statement.
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Initialize the Communications Multiplexer (. CMIN)

This routine must be called before any attempt is made to usc the CMS. It performs

the following functions using the initial values in the line tables:

e Connects the CMS to the operating system interrupt structure
(including the 4026 modem controller).

e Initializes all synchronous lines with their appropriate line characteristics.

e Turns line receivers on or off on synchronous lines.

e Turns line transmitters off on synchronous lines.

e On modem controlled lines, turns Data Terminal Ready (DTR) and
Request to Send off or DTR on depending on whether line is auto-
answered or not. '

The routine is non-reentrant and all accumulators are destroyed. The format of
this call is:

On either return, ACI1 contains the line table directory address.

LCMIN
error return
normal return

resulting from a . CMIN call are:

ACO MNEMONIC

0
1

Deactivate the Communications Multiplexer (.CMDA)

QMSCD
QMSIU

" MEANING

Illegal device code.
Device code in use.

This routine should be called to remove the CMS from the operating system interrupt

structure.

Possible errors

This routine assumes that the CMS has been initialized and all tables are still

present.

It is non-reentrant.



Deactivate the Cdmmunications Multiplexer (. CMDA) (Continued)

The format of this call is:

.CMDA
error return
normal return

On either return, AC1 contains the line table directory address. A possible
error resulting from a .CMDA call is:

ACO0O MNEMONIC MEANING

0 QMSCD lllegal device code.

Send Data (.CMSD)

This reentrant routine is used to send a block of data to any line on the CMS. ‘The
routine determines whether or not the line is ready for a new transmission and then
attaches the block to the line and starts transmission. The block byte pointer must
be inserted in the control block before a call is made to . CMSD.

.CMSD resets the type field (B0) and stores the line number in the CBDL entry of
the control block and uses the CBRT entry to save the routine return address.

Required input to this call is:

ACO - line number
AC2 - control block address

The format of the call is:

.CMSD
error return
normal return

On either return, AC1 contains the line table address. Possible error returns
from a .CMSD call are:



Send Data (.CMSD) (Continued)

AC0O MNEMONIC MEANING
3 QMSIA Ilegal line address (> highest line in system).
4 QMSNA Line not active.
S QMSLB Line busy (send in progress, or receive in

progress on half-duplex line).
7 QMSLC Line not configured (no line table entry in the

line table directory).

The normal return indicates that the first character (a SYN character if a synchron-
ous line) has been transmitted and, if the line is modem-controlled, request- to-
send is turned on. For -synchronous lines, a number of SYN characters equal to

the count in LTSYN will be transmitted before the line's output procedure is called.

Receive Data (.CMRD)

This reentrant routine is used to set up a line for reception of 'ata. If the line is
ready to receive a new block of data, the block is attached to e linc. The block
byte pointer must be inserted into the control block before a c:!l i= made to .CMRD.
This routine sets the type field (BO) and stores the line number oi the CBDL entry

in the control block and uses the CBRT entry to save the routine return address.

Required input to this call is:

ACO - line number
AC2 - control block address

The format of the call is:
.CMRD
error return

normal return

On either return, AC1 contains the line table address.
a .CMRD call are:
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Receive Data (.CMRD) (Continued)

ACO MNEMONIC MEANING

3 QMSIA Illegal line address (> highest line number in system).

4 QMSNA Line not active.

5 QMSLB Line busy (receive in progress, or send in progress
on a half-duplex liae).

7 QMSLC Line not configured (no line table entry in the line

table directory).

Dequeue Control Block with Pend (. CMDQ)

This reentrant routine is called to extract an entry frem the top of the control block
queue after being processed by the appropriate line precedure. If the queue is
empty, this routine suspends the calling task; otherwise control returns with the

top entry of the queue.
The format of the call is:

. CMDQ
empty return
normal return

The empty return is never taken by this routine. On the normal return, the registers
contain the following:

ACO - the contents of the CBDL entry in the control block
ACl - " control block address

AC2 - return address

AC3 - User Stack Pointer

The task is suspended until a control block becomes available. The normal return
is taken when the queue becomes non-empty. The calling task is rescheduled.

Dequeue Control Block Without Pend (. CMNQ)

This reentrant routine is called to extract an entry from the top of the control
block queue after being processed by the appropriate line procedure. This routine
takes the empty return if the queue is empty; otherwise, control returns with the
top entry of the queue.



Dequeue Control Block Without Pend (. CMNQ) (Continued)

_ The format of the call is:

.CMNQ
empty return
normal return

On the empty return the registers contain the following:

ACl1 - 0
AC2 - return address
AC3 - User Stack Pointer .

On the normal return the registers contain the following:

ACO - the contents of CBDL word in the control block
ACl - control block address

ACZ - return address

AC3 - User Stack Pointer

Get Modem Status (. CMMS)

This reentrant routine gets the current status of the requested modem signal on the
indicated line.

Required input to this call is:

ACO - line number .
AC1 - 0/1/2 for RI/DSR/CD ]
AC2 - line table pointer

The format of this call is:

. CMMS
error return
normal return

ACI1 contains the line table pointer on either return. On the normal return, the
requested modem signal status will be in the appropriate bit in ACO as follows:
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Get Modem Status (. CMMS) (Continued)

BO - Ring Indicator (RI)
Bl - Data Set Ready (DSR)
B3 - Carrier Detect (CD)
B4-B15 - 0

|
Possible error returns from a . CMMS call are:

ACO MNEMONIC MEANING

4 QMSNA i Line not active.
10 QMSNM Line not modem controlled.

11 QMSBA Modem signal not present.

Auto Answer /Disconnect (. CMAA)

This non-reentrant routine examines each active modem-controiled line in the system

for either an auto-answer or auto-disconnect condition. This routinc should be
called periodically by the user to monitor the condition of the switched lines in the

system.
. CMAA requires no input and has the following format:

.CMAA

normal return
When either the auto-answer (RI set) or auto-discomnect {DSR reset while DTR is
set) condition is sensed, the line procedure table (see Chapter 3) for the associated
line is examined to determine whether or not a modem line procedure exists. If
the user has defined this procedure, control is transferred to the procedure with
ACO containing a condition code. Bit O of the condition code is set if RI (ring
indicator) is present or is reset for a disconnect condition. Bits 1 - 15 are not
defined. See Chapter 5 for the modem line procedure interface.

If no modem line procedure has been specified in the line procedure table, . CMAA
responds to line-connect/disconnect conditions in the following manner. For line-
connect, the data-terminal-ready (DTR) is raised (set) to complete the connectiomn.
For line-disconnect, DTR is lowered (reset) to make the disconnection.

ok ok o ok ook
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CHAPTER 5

LINE PROCEDURE INTERFACE
A line procedure routine must be associated with every active line in the system.
These are the routines which perform the functions of buffer character packing and
unpacking, control character checking and generating, code conversion and, in
general, all terminal or procedure-related functions. There must exist at least
one line procedure per system, and there may be as many as the number of lines
in the system. One procedure may service any number of lines, and it need not
be reentrant since it operates at interrupt level, not task level.
Each line procedure must be user-supplied and must operate with the CMS handler.
The line tables, line procedure tables, control blocks and data blocks are also user-
supplied.

The interface between the handler and the line procedures is composed of five
parts:

l. character processing

2, control processing

3. block processing

4, modem/auto-answer and auto-disconnect processing (optional)

5. timeout procedures (optional).
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Character Processing

Two types of calls are made by the bandler to each line procedure, input or output.
Each call is to a different entry point in the procedure determined from the line
procedure table. The procedures must process these calls and must always return
to the driver at the indicated points with AC2 containing the line table address.

The input procedure is called whenever a character is received on the associated line.
The format of the call is:

ACl1 - Character (B8 - B15), B0 -B7 =0
AC2 - Line table address
AC3 - Line procedure table address

JSR @ LPILP,3 ;AC3 contains the line procedure table address
normal return

AC2 - Line table address

The output procedure is called after every character starts to be transmitted on
the line or, when indicated by the procedure, after the character has been
transmitted. With synchronous lines, the call is not made until all leading SYN
characters have been transmitted.

The format of the call is:

AC2 - Line table address
AC3 - Line procedure table address

JSR @ LPOLP,3 ;AC3 contains the line procedure table address

null return
normal return

AC2 - Line Table address
ACl - See the following page
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Character Processing (Continued)
. The normal return is taken to output the next character, and ACI is set as follows:

BO-B1 Mode indication (see below).

B2 Zero.

B3 If set, call output procedure after character in B8-Bl15
has been transmitted, otherwise at the start of trans-
mission.

B4-B7  Zero.

B8-B15 Character, right justified.

. BO-B1 apply only to synchronous lines and indicate the following:
Value  Function
0 Send character only.
1 Send character and leave transparent mode.
. 2 Send DLE plus the character and enter transparent mode.
3 Send DLE plus the character and leave transparent mode.
The procedure must take the null return if it has no more characters to output.
This will allow the transmitter to be turned off, and no further output interrupts
will be processed for the line until the next . CMSD call is made and the trans-
mitter is turned on again.
Control Processing (QFCN)
‘ A number of subroutine functions are provided which allow the line procedures to
i issue commands to either the data or modem controllers on a line basis. They are
all reentrant and maintain the line status in the LTSTW entry of the line tables.
This includes the following functions:
QFO0 - Turn receiver on. (Synch line only)
QF1 - Turn Data Terminal Ready (DTR) on.
QF2 - Turn receiver off. (Synch line only).
QF3 - Turn DTR off.
QF4 - Send character.
QF5 - Turn Request to Send (RTS) on.
QF7 - Turn RTS off.
- QF9 - Change line characteristics (Synch line only).
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Control Processing (QFCN) (Continued)

The format of each call is:

AC2 - Line table pointer
AC3 Return address

.EXTN QFx ; External Entry Point
JSR@ -QF?_{_ ;?E_= (Op 1, KR 9)
normal return

.QFx: QFx ;address of function

On return, AC2 is preserved and interrupts are enabled,

Functions QF4 and QF9 have additional requirements as follows:

QF4 assumes that the character to be sent has already been stored in the LT CHR
entry for the line with BO - Bl set appropriately (see normal return from output line
procedure call for meaning).

QF9 is used for synchronous lines only and will reissue line configuration informa-
tion to the line when called. This includes the character size and DLE characters
contained in the LTLNC word and the SYN character in the LTSY N word of the

line table.

Block Processing

When control blocks are terminated, it is necessary to start a user task to process
them. The control blocks must be linked to the control block queue (CBQ) and the
processing task must be signalled by issuing an .IXMT or .XMT call through the
QMCL entry (see Chapter 3) in the control block queue. As a result, a task that

is suspended by a previous .CMDQ call (see Chapter 4) is readied by the task
scheduler.

Control block termination may result from normal completion of a reception or
transmission, a timeout condition during reception or transmission, or for some
other reason determined by a user task (e.g. a line connect or disconnect condition).
Routines that allow control block enqueuing and task signalling for the three types

of termination are described on the following page.
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Block Processing (Continued)

In the case where termination is the result of a normal completion of a reception or
transmission, the enqueuing process is invoked from the input or output line pro-
cedures. Two routines, CPENQ/CENQ (both part of the QLPIF module), are avail-
able to be called at interrupt level by the line procedures. CPENQ will add a control
block to the top of the CBQ in LIFO (last in-first out) fashion while CENQ will add the
control block to the end of the CBQ in FIFO (first in-first out) fashion.

Required input to these calls is:
ACO - Cbntrol block address.
The format of the calls is:

. EXTN CENQ, CPENQ

|

JSR @ PENQ (. ENQ)
normal return

.

.PENQ: CPENQ ;Priority enqueuve routine (LIFO)
.ENQ: CENQ ;Non-priority enqueue routine (FIFO)

On return, the control block will have been enqueued and the task signailed. AC2is
preserved by these routines.

If the Communications Timer Package (see Appendix D) is included in the system
to perform timeout functions, the user must also supply a timeout line procedure
(see Chapter 3) which is called by the user clock routine TIMER, described in
Appendix D. CLENQ, part of the TKCLQ module, is provided to allow the
enqueuing process to be invoked from this procedure. This would be necessary if
a line timeout and the control block attached to it require processing by a task
awaiting completion of a reception or transmission.

Required input to this call is:

ACO - " Control Block Address
ACl1 - Pointer to the first entry in the Control Block Queue (QMCL)
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Block Processing (Continued)

The format of the call is:

.EXTN CLENQ

JSR@ .CLNQ
normal return

. CLNQ: CLENQ ;User clock enqueuing routine

On return, the control block will have been put on the queue specified by the AC1
input parameter in FIFO fashion and a . IXMT will have been issued to the message
address indicated by the AC1 i_nput‘para'meter. AC2 is saved and restored by this
routine.

It is also possible for a block to require enqueuing as a result of some operation that
has been deferred to a user task, for example a secondary timer function (see
Appendix D).

A third type of queuing routine, TENQ (also part of the TKCLQ module), is available
to be called by user tasks. TENQ allows the enqueuing process t be evoked from
outside the interrupt structure.

Required input to this call is:

ACO - Control Block Address
ACl - Pointer to the first entry in the Control Block Queue (QMCL)

The format of the call is:

.EXTN TENQ

JSR@ . TENQ
normal return

.

\
\
. TENQ: TENQ ;User task enqueuing routine
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Block Processing (Continued)

On return, the control block will have been put on the queue specified by the AC1
input parameter in F1FO fashion and a .XMT will have been issued to the message
address indicated by the AC1 input parameter. AC2 is saved and restored by

this routine.

Modem/Auto-Ansver and Auto Disconnect Processing

Optional routines may also be provided to perform auto-answer /auto -disconnect
processing for modem-controlled lines in the system. The address of each
modem line procedure routine (MLP) should be stored in the third word (LPMLP
entry) of the line procedure table for the line.

The auto-answer /auto-disconnect function is performed by the .CMAA routine
(see Chapter 4). This routine should be called periodically, at least once a
second. When either of the line connect/disconnect conditions are found to be
present on a line, the .CMAA routine will call the MLP for the line if the address
is found in the line procedure table.

The format of each call is:

ACO - Condition code (BO = 0/1 - line connect/disconnect)
AC2 - Line Table address
AC3 - Line Procedure Table address

]SR@ IL.PMLP, 3
normal return
action return

AC2 - Line Table Address

The normal return indicates no action and that . CMAA must continue scanning the
other lines in the system.

The action return is taken by the MLP if the DTR status is to be changed. DTR
will be set/reset depending upon whether it was a line-connect or disconnect
respectively.

The communications timer package provides a mechanism via the secondary timer
function for periodically calling the . CMAA routine. Refer to Appendix D for
a more complete description.
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Timeout Processing (Optional)

. An optional timeout line procedure routine may also be included to provide a line

timeout capability. The function of this routine and the implementation of a timer
routine as a user-defined clock are described in detail in Appendix D.

%k % % %k
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CHAPTER 6
APPLICATION PROGRAMMING
The following information provides some insight into the use of the CMS handler
in a real time application. The example in Appendix C illustrates most of these

points.

Configuration

The user must accurately translate his particular hardware and application informa-
tion into CMS configuration parameters. This includes information in the QMIO
module and user -supplied line table directory, line and line procedure tables.

The user must assure that modem table information in the line tables applies to
the right entries in the modem table (see Chapter 3).

The line table directory is indexed by line number; thus its length must agree with
the QHLIS parameter. A zero entry in the table indicates to the handler that a

line does not exist.

Start/Restart

In order to initialize and start up the CMS handler, it is necessary to make the
. CMIN call. The IQMS module may optionally be an overlay.

To restart the system, a call must be made first to . CMDA and then to . CMIN.

. CMDA will not deactivate the lines on the device in an orderly fashion but will
place the lines in an inactive state regardless of any line activity, Thus all acuvity
should be stopped, and queues must be processed and control blocks must be re-
moved from the lines before the CMS is disconnected from the system and com-
munication lines.

The line tables must be loaded with the minimum required information. In parti-
cular, the line characteristics word (LTLNC) must be exactly what is desired for
each line if the line is synchronous. The line tables can be extended for application
or line procedure purposes.
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Data Processing

After the system is initialized, it is then necessary to make a call to the line pro-
cedure interface (.CMDQ/.CMNQ) in order to process comyleted reception blocks,
transmission blocks or to wait for the result of previous .CMSD and .CMRD calls.
Generally, one task should be responsible for making the call and then routing the
control blocks to other tasks for detailed processing. The use of a routing task, of
course, depends on the application.

Any other tasks in the system then make calls to .CMSD, .CMRD, or .CMMS in
order to pass data back and forth from the CPU to terminals. To avoid conflict

on the lines, either the calling tasks assure that multiple requests are not made
on the same line and allow for busy returns, or the coordination of data processing
is handled by one task, the routing task mentioned above.

A %k %k %k %k
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APPENDIX A
PACKAGE PREPARATION

In addition to the CMS software package, there are tiree types of modules which must
be supplied by the user whenever he generates an RDOS or RTOS application. These

module types are:

e configuration code
e line procedure(s)
e application program

The configuration module must be created, assembled and loaded with the system.
In addition to an edited version of the QMIO module, the configuration module must
include the line table directory, line tables, and line procedure tables. Make cer-
tain that all tables adhere to the order and minimum requirements detailed in
Chapter 3. Appendix C contains a sample configuration module for a system with
two lines and one controller. .

The line procedures must be coded and assembled using the QMPAR module (see
the following listings) to operate according to the interface detailed in Chapter 3.
Line procedure tables can bc included with the line procedures if desired as long
as their addresses appear in LTLPT of each line table.

The application programs too must be coded and assembled using the QMPAR module.
The line procedures and application programs must include . EXTN statements for
any handler subroutine called.

Handler subroutines include the following routines and names:

.CMAA - Auto-Answer /Disconnect

.CMIN - Initialize (activate) CMS

.CMDA - Deactivate CMS

.CMMS - Get modem status

.CMSD - Send data

.CMRD - Receive data

.CMDQ - Remove control block from top of queue (with suspend)

.CMNQ - Remove control block from top of queue (without
suspend)

CPENQ - Add control block to top of input queue

CENQ - Add control block to end of input queue

QFO - Turn Receiver on

QF1 - Turn Data Terminal ready on

QF2 - Turn Receiver off

QF3 - Turn Data Terminal ready off

QF4 - Send character



QF5 - Turn Request-to-Send on
QF7 - Turn Request-to-Send off
QF9 - Change the line characteristics

System Generation

In order to change any of the standard options of the CMS package or to create a
save file for running under RTOS/RDOS, the user must ascemble and reload mod-
ules in the package. These modules are:

QMPAR., SR - This source file contains handler parameter
information defining device table and line table
displacements, and error codes. QMPAR. SR,
listed at the end of this section, must be used
when assembling line procedures or applica-
tions programs.

QMIO. SR - This souxrce file contains configuration inform-
ation, including default parameters, the device
control table, and input/output instructions.

It must be edited if necessary and assembled

before loading.

CM. LB - This is a library file which contains the
modules for the CMS handler, line procedure
interface and the teletype line procedure.

There are several steps to be taken to create a save file using the CMS package with
RTOS or RDOS.

1) The configuration module (QMIO. SR) must be edited and assembled to
create a relocatable binary. This module is listed at the end of this

. appendix.

2) The user's configuration module, UCM, (see CONFIG listing in Appendix C)
which includes line table directory, line tables, and line procedure tables
must be written and assembled to create a relocatable binary. UCM may be
assembled separately or together with the QMIO module.
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3) The user must then write any additional line procedures, ULP, (see
QTTYLP listing in Appendix B) and application programs, UAP, (see
QMTST listing in Appendix C). They then must be assembled using
the QMPAR. SR module which defines CMS table symbols.

4) The save file must then be created by loading the assembled modules
with the relocatable loader.

For an RTOS system, the following modules must be loaded:

RTOSGEN module, UAP, ULP, UCM, QMIO, CM. LB, RTOS1.LB, RTOS2. LB

For an RDOS system, the modules to be loaded are:
UAP, ULP, UCM, QMIO, CM. LB

In either RTOS or RDOS loads, the order in which the modules are listed above
is the order in which they must be loaded.

Note 1: An external reference to . CMMS (Get Modem Status) in a user-supplied
module will force the loading of the QMOD module; otherwise no modem processing .
will be supported.

Note 2: It must be realized that to use the CMS s&stem, all asynchronous and
synchronous lines must be configured for the same device code.

Note 3: If the CMS system is to use device code 30, the user must not nave
generated either the RTOS or the RDOS system to include the system QTY driver
which also utilizes device code 30.

Note 4: If the CMS system is to be used with the synchronous communication
software package as described in application note 017-000001, the device code
of one of the systems must be changed from 30.
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CaCl = CHpFel JOoUFFLR BYTE COuUNT

Coub = COCTe} INX/TX FPLAG * LINe ~UMBER
CokT & CRULel $wURK CELL

Figure A-1 Type 4060/4073 Multiplexer ‘Parameter Listing (QMPAR)
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FEIW)
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umid
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weilkd
onLo
amL7

JLInE
juine
L
JLInNE
’LINE
jLlnk
FLINE
iLine
iLint
JLINE
JLINE
PLINE
JLINE
PLINE
HS 4
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iLise
jLInNE
HI N 1
iuint
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JLINE
ILInNE
ILInkE
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JLInE
JLINE
tLine
sLINE
JLINE
sLINE
TLINE

CANMT B OUN K

POl ol ol od
CTNTUB GNK -
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2y
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31

QMPAR.SR Listing (Continued)
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APPENDIX B
LINE PROCEDURE EXAMPLE

QTTYLP is an example line procedure servicing a teletype -like terminal. The
routine is composed of two parts, input (QIP) and output (QOP), with separate
entry points. A description of the routines and supporting data structures follows.

QTTYLP makes use of an extended line table to hold procedural -dependent informa-
tion such as cumulative block status (LTRXA, LTTXA), block byte count

(LTRCT, LTTCT), message format (LTDCH) and a control flag (LTTLF). There
are also four configurable parameters: YLL, to control maximum line length;
YCM, character size mask to strip received or transmitted characters; YDL,

the character -delete character; and YSL, a line-delete character.

The line procedure will operate in one of two modes, line or sequential. In line
mode (BO of LTDCH is set), reception or transmission is terminated and the
control block is placed on the queue whenever any of the following events occur: a
control character. is encountered (carriage return, form feed, or null detected on
transmission), the data received exceeds the maximum line length parameter, or
the data received or transmitted exceeds the size of the control block. In addition,
if the echo bit (B10 of LTDCH) is set, every character received is echoed (trans-
mitted) back to the terminal. This works in a receive-only operation. The input
message can also be edited, deleting a single character (rubout) or deleting an
entire line (backslash). A line feed will be provided after each carriage return

if indicated by B6 of LTDCH.

In sequential mode (BO of LTDCH reset), the reception or transmission will be
terminated when the byte count matches that specified by the CBCT word of the
control block. The only other checking done is for line errors; no echo or line
feed functions are performed.

At block termination, the line tables are reinitialized and the block status is
stored in word CBRT of the control block. This word is not available to pass
information to the line procedures but can be used to pass information from the
line procedures to the task processing the control block queue. This word will
contain a zero if no errors occurred during reception. Also, bits 9-15 will
contain 6 or 22 respectively to indicate that termination was due to either an end
of file (ETX) detection or line limit being exceeded., Optionally, by setting B7 of
LTDCH, reception can be terminated whenever a line error is detected.
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Teletype Line Procedure Line Table

Word Mnemonic Bits
0 LTLNC
0
1-15
1 LTLPT
0-15
2 LTALA
0-9
10-15
3 LTCHR
0-2
3
4-7
8-15
4 LTSTW
0-2
3-6
7-9
10-14
15
5 LTRXT 1-15
6 LTRXP 0-15
7 LTTXT 1-15
8 LTTXP 0-15
9 LTRXA 0-15
10 LTRCT 1-15
11 LTTXA 0-15

Meaning

HARDWARE LINE CHARACTERISTICS
0 (Asynchronous Line type)
Not Used

LINE PROCEDURE TABLE
Line Procedure Table Address (QTTLP)

LINE NUMBER
Not used
Line Number (0 - 6310)

TRANSMIT CELL

Not used

Last Character Indicator
Not used

Output Character

LINE STATUS WORD

Line Status

Not used

Receiver /Transmitter Status

Not used

Line Full /Half Duplex (0/1)

RECEIVE CONTROL BLOCK ADDRESS
RECEIVE BUFFER BYTE POINTER
TRANSMIT CONTROL BLOCK ADDRESS

TRANSMIT BUFFER BYTE POINTER

RECEIVE PARAMETER (STATUS) (Note: user
parameters may start here for non-sync, non-

modem lines.)
RECEIVE BYTE COUNT

TRANSMIT PARAMETER (STATUS)

B-2



Teletype Line Procedure Line Table (Continued)

Word Mnemonic Bits Meaning

12 LTTCT 1-15 TRANSMIT BYTE COUNT

13 LTDCH CHARACTERISTICS WORD
0 Line/Sequential Mode (0/1)
1-5 Not used
6 Line Feed Flag
7 Block Error Terminate (Yes/No, 1/0)
8-9 Not used
10 Echo Mode Flag (Yes/No, 1/0)
11-15 Not used

14 LTTLF LINE FEED FLAG
0 Echo Line Feed (Yes/No, 1/0)
1-15 Not used

Teletype Line Procedure Entry Points

QTTLP - Line Procedure Table Address
QIP - Teletype Input Processor
QOP - Teletype Output Processor

Routine Used by Procedure Processors

CENQ - Add Control Block to End of Input Queue

Parameters Defined External to Procedure

YLL - Maximum Line Length
YCM - Character Size Mask

YSB - Error Substitute Character
YDL - Delimiter (Rubout)

YSL - Backslash

Functions Used by Procedure Processors

QF4 - Send Character

B-3
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LICENSED MATERIAL = PROPEKTY OF DATA GENERAL CORPORATION
eoUl UTTYL
«TITLE QTTYLP t CMS TELETYPE LINE PROCEDURE

02

83 oENT QrTLP,Q0P,QIP

24 ) ENT TTEN, REND

2> «EXTN CENR

(1] sEXTIN YuL,YSL,YLL,YCH,YSUB,QF4

87

2] o NREL

09

10 JLINE TABLE ENTRIES

11

12 dihnull LTRXASLTTXP+l JRECEIVE PARAMETER (STATUS)
13 bvwingl2 LTRCTeLTRXA+} JRECEIVE BYTE CUUNT

14 Choeld LTTXASLTRCT#4 JTMIT PARAMETER(STAYUS)

15 40 ld LTTCTeLTTXxA+] FTMIT BYTE COUNT

16 agvneld LTOCHELTTCT+} JCHARACTERISTICS WORD

17 }1B2 =s/1 = LINE/SEQUENTIAL MODE
18 1866 = LF FLAG

16 JH7? = BLOCK ERRQR TERMINATE
2y 1Bld= ECHU MODE FLAD

21 waenib LTTLFELTUCH*] JLINE FEEC FLAG

22 JBU=SET BY TIP YO ECHO LF
23 JOTHRERWISE SET BY TOP

24

2 JCONTROL CHARACTERS

20

27 BVuvine YEFE 6 JEND OF FILECETX)

28 sevwld YCR®LD TLARR]IAGE RETURN

re’] avatie YLF=12 JLINE FEED

3¢ ¢Yvdnld YFF=214 1FOxM FEED

31 Yvuudd YLE=2Z JLINE LIMIT ENROR

32

33 H CONFIGURKABLE LONTWUL CHARACTEwS

g4 i (THESE ParmanETERS MUST =z DEFINCD IN THE

3> H USER AFPLICATIUL: PaCKAGLE A8 £nTRY FOINTS)
3n

37 FYLL MaxIMUM LINE LENGTH

Ja JYCM CHARACTER SIZt nasSKk

39 fYSub ERRGR SWMSTLITUTe C~arRACTER

ay JYOL CrARACTeR JELeTe CnamaCTEx

41 JYSL . LINE UDELETE CHARACLTER

42

45

44

L} 3 TYPL 4vow MULTIFLEXUR TELETYPe LLINE PrROCEDURE TABLE
40

47 ¢vode!' 2143 'QATTLPE  UIP s TeltTYPE [NPUT PRUCEDURE
49 wuvultsavgaug! LGk } TeLeTYPE OUTPUT PROCEVDURE

Figure B-1 Teletype Procedure (QTTYLP) Listng
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LICENSED MATERIAL = PROPERTY OF DATA GENERAL CORPORATION
l¥ve2 GTTrL

Yovd'adadld
Yevd'a3d¢lio
Qud4'170¢14
vuewdlawrall
crveeo! ddule
Cree/ '1205¢10
CEelntopoald
Cewli'l2avia
Cedld'uendalt
BoUletunasnd

koklda't'v24u]
e 1d Y yiidviviy

Vulo'y244p6
yiiwlZVlvglan
wogde 'aeirle
wuwdl 170122
cvivide'si0004
vk 29" 200
Yunddlvnnganld

¢ers@2'..¢2000
Gy ondatlcdsila
evidl ' sl 0d
DA ISR EE- X179
adudltennlnd

- W s we we

-0
c o
v Vo
e oo

TOPE?
TYRN?S

RLOC:

TLAC:

LFE

TYRX:

Gaede ' vneol2ENORE

STA
Loa
MOV®
JMP
LUA
MOVH
JMP
COomMu
JmP
JSR

JrMPE
v

LOA
Sud
574
MuvLL
JMP
JMP
YLF

LuA
Cuta
JmP
JSK#
JmP
REND

TELETYPE OUTPUT PROCESSOR

ADR=L 1T ADDR

JER TOP
NULL EXIT

EXIT=CHAR ONLY(AC1)'

3,RLOC
J)LTTLF,2
3,3,82R
TLAC
1,LTTXP,2
1,1,SNR
TYRX
1¢1,8IR
TOUT

TTEN

RLOC

CINSERT LINE FEEC

1.LF

Vs
V)LTTLF, 2
3,49,52C
TwE+2

TwE

1, LTRxP,2
1o1,)32R
TYRN

ENDR

TYRN

JSAVE RETURN
JICHECK LINE FEED FLAG

JYES INSERT

JGET BYE PTR

JTESY If OUTPUTTING
JNO TURN OFF TMITTER
JTYEST FOR END OF TX7
JOUTPUT NEXT CHARACTER
JTERMINATE (B

$1SET UP FOR NULL FCN EXIT
FRETURN
3 SAVE RETURN

1OGUTPUT LINE FEED CHAR
JCLEAR LINE FEED FLAG

JTEST IF ECHOING A LINE FEED
JYES=JUST SEND CHAR

JCHAR QUTPUT ONLY EXIT

JLINE FEED CHAR

LJUHECA IF TERMINATING RECEIVE

PRU=NULL EXTT
JYES=TERMINATE

InuLL ExIY

PTex~INATE RECEIVE Sunm«

Figure B-1 QTTYLP Listing (Continued)
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LiCensED MATERIAL = PROPEKTY GF DATA GENERAL CORPURATION
{9doy vty

("}

Be

K] ] OuTPUT CHARACTEN ROUTINE

14 €233 udopuy TOUT: LUA 3 LTTXT,2 1C8 PTR Tu aC3

W9 4g50d4'ainagy 082 Cec1,d JTEST IF ey oF TMIT
80 Guaddluugayy JMp e*2 INO =CONTINUE

97 V936184755 JMP TUPE }YES=TERMINATE B OCK
U8 Ueud7 1133220 HUVZk 1,3 T1GET NEXT QUTPUT CHaR,
ay 6»045'ﬁ£140b ’ LUA d,0,3

10 voudl ' [ughey MOV Yr¥, SNC

11 OEL PN IS I MOVS 0

1¢ vouao'u2ag3a Lua 1,CmM

19 wecddr 1740y Anp Uil JMASK CHAw

14 Buodiu954y,7 Lua 3;LTTXT;2 JUPUATE 8YTe PTR

10 Ywudot ;11014 I>2Z LTTCT,2 JINCREMENT BYTE COUNT
16 weed7'u11¢ta Is¢ LTTxp,2 FTINCREMENT BYTE PTR
17 Cavdblydluly LUA YyLTOCH, 2 JTEST IF WwRITE SEQ,
18 vruwoitiyyie nuvae W0, 52C

1Y vend2lupuaqs Jnp Twu$ }YES

20

21 7 OUTFUT OPERATING IN WRITE LINE MOVE

Q22

23 ucud3'1egnyys MUve 1,1,)8NR ITTEST IF NULL CHAR
26 esd4 ' suydha JmMpP TwE JYES

23 0B '2,4,7 LUA WoCrTN INU CHECK FOR Cw

20 veudo'{ 0415 SUpw Wyl 3ShR

27 Vuud71guaans Jdmp TwC PYES

25 ehubw'lyzadgls Lua YsFFeep TCHECK FOw FORM FEED
2y Brodllivoals SuBs Dyl SNR

d9 brobeluuinde? JmpP Twi JYES

31 “iudolugsnge Lua JrlTr IND CHECK Max LINE
KP3 fuiingtignyg LUA d,LTTCT, 2 FLENGTH

KX vkedd ' Inaga Subw VW,3,52Zn

34 CCLentyngga2 Jmp NTX FIND

35 Cuub? !t gy ay) Lua Jywbl ] TYES SET ERROR CODE
Jo ved /vt u3oul s Lua IpLTTXxA,2 TUPOATE TMIY STATUS
37 Cuw? 1 1176au ALY 7]

R1) GreZet 50018 $Ta 3,LTTxa,2

39 bouldlyeoayy Jmp Twg

4¢ deviat,yyayy LRTNS YCk FTCARATAGE RETyRN

el wid7dloa¢vla FFEED: YFF . JFORM FrEQ

42 W6u70'viopue2 @LLe YLE FLINE LIMIT ERRQR

43 «ve771177777 Cis YCM FUMAR. MaSK

Figure B-1 QTTYLP Listi.ng (Continyed)
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L1CEMoED MATERIAL = PRUOPERTY UF DATA GENEWAL CORPORATION
lodva UWITYL
gl
02
'R H ENU OF TRANSM1ISSIUN= ENUUE CONTROL BLOCK
V4
¥o valun'o24417 TTENS 8TA 3,TLOC 1SAVE RETURN
00 ¢vlanltlvéave Suw 4, 1 ZExD
07 coluctudlvly STa doLTTXP,2 JIBYTE TR
Vo celavtwdnen? LUA S)LTTXT,2 $1C8 AUDR TO INDEX
UY wvuldd'LEéveld Lva 1,LTTCY,2 1SavE CT IN CB
1¢ vslud 120484 It 1,1 JADV 1 TO ALJUST FOR FIRST CHAR
11 vvlwo'vdedaad STA 1,CuCT,9
- 12 svle/lueleld STA d,LTTCT,2 JINIT, CT,
19 vvila'lyvalen? $Ta n,LTTXxT,2 JC8 ADOR s U
14 velll'u¢ouly LDA 1/LTTXA,2
15 wullétoddava 3TA 1)CbrRT, 9
- 16 wellot'ualeld STa VsLTTXA2 JZERQO STATUS
17 ¢ellétiolopy Moy 3,0 JCB ADDwr TO ACPR
18 vwiloluuddad JORN s DNY JENJUE C8
19 vvllotuicddal] JHP e TLuC JRE TURN
2¢ vall/Ztyvwuul TLOCE DLA 1 }SAVE RETURN
21
¢ H QUTPUT UPERATING IN WRITE SEUUENTIAL MOULE
2o :
24 vielee'oo3442 TwSi Loa 3,C8CT,0 JVERIFY COUNT
29 welas'lvdrnme ayC Br0 IMINUS ONE
20 sclle!ioasuda Avu 3,06, 32R JSKIP IF COLNTS EWQUAL
27 Puledlvuadld Jip RTX JEXLY
24
2y ewlcativiguon TWES aul v,0 ISET TU =i POR LAST CALL
‘ IY¥ wul2a'vaivle STA welLTTXP, 2
I3l )20 'ie4ld LUA dsLCAT 1GET LAST ChHAR 387
32 velel 'lolens Y 4,1 - 1SET IN CHAKACTER
33 evlov'toodond WTXS LD A& 3, rLOC INESTORE RETURN
34 wrlolitosidy Jmp 1,9 JEXIT YO QUTPUT CwAR
32
30 vwldc'vewwi.o Tall LOA Jy)LAC jereCn IF LF
37 oudool_ 00010 LUA d,L70CH,2 sNEEDED
38 c¢ulyelivoaud AND AFGYELL
Iy ¢olontuwvnule/ MK Twe INO SET LAST CrAR FLAG
4y weloclsselcele 3Ta CILTTLF,2 JYES SET FLAG
41 cula/tovulll . JMP RTX 10 TU QuUTPLY
42 vrlaptavivew LACS ibb PLF MASK
- 40 celdltol ivgr LCBTS 163 JLASY CHAKALTER FLAG
43 culaelvivrd]? C877¢% 377 }BYTE Mask
24
.

Figure B-1 QTTYLP Listing (Continued)
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LICENSED MATERIAL = PROPERTY OF DATA GENERAL CORPORATION
jBeesd GTTYL

"}

22 ] TELETYPE INPUT PROCEDURES

23 ? ACLsCHAR

04 ! AC2aLINE TaABLE ADDR

L] H JSR T1P

26 } NORMAL EXIT

87

o8

09 QlpP:

19 ouldotubadiy TIPS STA 3,IL0C JSAVE RETURN

11 vuldaly3b2¢d LOA I)LTRXT,2 JTEST IF RECEIVER ACTIVE
12 ¢vnldadn!ti7oeud MOV 3,3,8NR J1C8 PTR EO ©

13 euvldetygn2din JHpe IL0C JYES=RETURN

14 214/ 1'5305nvwd DA I LTRXP, 2 JTEST IF RECEIVER TERMINATE
19 vuldntilaeld COome 3¢ 3, SNR JIN PROGRESS

16 vuldl'angded JHPe ILoce JYES=]IGNORE CHARACTER

17 Gui92'/0ed2h JMP Tiu INO OK

18

19 } STUKE CHAKACTER SUBRNOUTINE

Q0 ] ACl s CRARACTER

21 I AC2 = LINE TABLE POINTER

22

23 veido'idgqa2d 3TCR STA JpCuoC JSAVE RETURN POINTER

24 vulda'lsbuaeld STA 2,LTP JSAVE LT POINTER

29 ©uldD'u24722 Lua v, Cm JLET CHARACTER MASK

20 weldo'luldyw AND LR} JMASK CHAKACTER

27 wvyld?1gdaaln STa 1,CHR FSAVE CHARACTER

28 veloe'addugo LOA 3)LTRXP,2 JGET BUFFER POINTER

2Y wvlol'uag76l LDa 2,)C377 JLOAD BYTE MASK

Jv weldeti?n222 MUVIK 3,3,82C J«0rD AUDR TO AC3

31 ¢elos'iniduwy MOVS 2,2 }SWHAP MASK TO RIGHT BYTE
32 welbaliclavy LOA 8993 JLOAD BUFFEKR wWORD

Jd welod'1a3ded ANy 24y SNC ImASK QFF BYTE

34 welbu!'l29¢9 nOvS 1,1 JPOSITION CrARACTER

39 selo7'{29vivy AQU 1,9 Jhe<be WraRACTER ANV DUFFER
30 v 7sVca)ane aTa Wopd,d 13TGRe ALK

A7 40 171'wdeded LDA 2)LTP TRESTURE LT POINTER

38 ¢vlZc'dowvd LOA J)LTRXT,2 JLOAD CB PTR IN AC3

39 ¢u1173":11w40 152 LTRXxP,2 JUPDATE BYTE POINTER

4y caol74'L1)e1d Is2 LTRCT,2 JUPUATE BYTt CUUNT

41 ¢ol/79':udav] JrpPe .CLuc TRETURN

42 1170 2evivian CLUCS ") }SAVE RETURN ADULR

48 cul/Z7'évvwnpe LTPE n JSAVE LT POINTER

44

45

46 rrevy'red?703 Y108 JSR STCk JSTORE CHARACTER INTO BLOCK
47 eeid¢ltre1als Loa WyLTDLH,2 JGET SEQ INDIC,
48 vi2vrd'lel1112 A0VLE 4,4,8LC JTEST FOR READ SEu

43 ¢vev$tencdeo Jmp TS JYES

Figure B-1 QTTYLP Listing (Continyed)
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LICENSED MATERIAL = PRQPERTY OF DATA GENERAL CORPORATION
{¥ped GTTYL

al

¥

23

Pa ] INPUT OPERATING IN READ LINE MODE

©v5

']} ! TeST 1IF ECHO REGUIRED

87 vednatg24a4d LDA 1,KEY JLET MASK

08 duddvid'12d4ve AND 1,9

By uweddb'oendd? STA ©0,ECHD JSET ECHO MUDE

1 Cuew/'iclocd MOV 4,8, 5NR 1TEST IF ECKHO

11 nellu'onuydlld JMP TNE IND

12 ¢en2ll'uesdald LDa 3,R0OUT JLET RUBOUT CmaAR

19 062ld'ceadsd LDa 1,CHR

14 vudlotlvodld SuBs ¥elsSNR JTEST FOR RUBOUT

19 vuelalaurdid JmP TrBT JYES PROUCESS

16 veelolviduddd LDA v yBSL JTEST FOR BACKSLASH
17 ovvdlo'lroald sSubx A,1,SNR

18 wodl/ 'oueddl JMP TSHL JYES

iy wvidda'loue.ad7 Lud ¥, EQF JCUHECK FOR END OF FILE
29 wund21'lwo4dld Suds 4y 1,8nNR

21 ev4ad22'uuvdead JmP TEOF 3YES

22 buRéy'izcaga TNES Loa 1,CHR JRELDAD CHAR

23 Yuié2dlagz. ded LUA JyCR JCHECK FOR CARRIAGE RETURN
24 ved2d'luwudld Sudgwa @,1,SNR

2 wado'inuasd JmP TCR JYES

20 ¢c227'ugaadd Lua 0 FF JCRECK FOR FORM FEED
2/ ¢6edc'lvnndld Sup= d,1,8nR H

268 GodILl w092 Jmp Teoo JYES TERMINATE olLOCK
ey ¢wuegde'cdlav? LUA ¥,CBCT,3 JBYTE COUNT TO ACY
Ju vedddTadoel? LOA dyLTRCT,2 !

31 vvaeatilodld Subew Bod, SR 1TST FOR MAX INPUT BYTE COUNT
32 Vogod ' L9220 JMP Tl JYES

33 hwedolye.,au? LUA E)LGTh

34 dwed/'1104aLs sSuBa ds3,SNR JYSY IF LINE LENGTH EXCEEDED
32 veedetuaaddd JMP TeLl 1YES

30 ev2d)! ngndl? LUA B ECHO tTEST FOUR ECHO MOOE
37 wvidad'ialgud MOV By, SNR

JY ve248d'3i104d445 JmpP TIRN INO=RETURN

3Y WVdadatyuL0da? JmP ToTy JYES= GO UUTPUT CHAR
a4y

4} Wu@4ad'177777 LGTne YiLb JLENGTH OF L INE

42 Uagdo'iduudvn KEYS 1o1¢ JeCru CONTROL BIT

49 vwde/ tygaunl) CHR2 A JSAVE CHAR

44 Bw2du'177777 .oN4$ CEND TeNulUk NQUTINE

45 uyu2o1'17/,777 ,Fa:l GF 4 JSEND CHARACTER FUNCTION
4% Vcedelvuoly CKS YUK JCARRIAGE RETURN

47 wued3'Lcadla FFS YFF JFORM FEEOD

4B ve2541177777 ROUTS Yul ImyBoUT

4y Uud921177777 bBoL:d YSL JBACKSPACE

94 auedolyvotann [LUOCE Bl }SAVE ReTuRN

81 dudd7tanuaab EOFS YEF JENO OF FILE CHAR

98 vvdbnluaguer ECHOS ) . FECHO MUOE INDICATOR

Figure B-1 QTTYLP Listing (Continued)
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gl
a2
)
Jae
03
d0
a7
od
Ay
19
11
12
13
14
19
lo
17
Y]
19
29
21
2é
23
24
22
20
27
20
A ]
de
31
d¢
33
34
3
L)
37
d8
Sy
49
4]
a2
49
44
42
40
a7

LICENSEY MATERIAL = PRUPERTY OF DATA GENERAL CORPURATION
{dau/ WTTrvL

}
wi:dol'udaad? TCRE

nIeoe'w2Duld
vaddo'1204cd
v eodlcaua9d
EPPI-LARTAL PIY
cudbbludluld
KRPL-YANPISY VY
d0elwlueald?
JudZ1i'lulaua
eveZe'vindla
pvelols20uio
veela'iedle?
Coe?d'ovvuded
cod/o'er 4414
vuel?? 'vuudll
Veouw 1pdduvld
viedelladd4la

wrAdd 'l cana
veovdteeaZo0
dudvetladeivie
VuIdd'udiveo
vwdob'o85%64098
R YRR YRV
vodlalovae/ 40
vedll'ecunld

vedledl¢dadlo
Yudlotadowll
PRV D IEVIVEC . IR
6312 'wddand
vedlo'neoeld
sudl/tuddaug
voado'lucdun
vedegl'oninld
duodetadlsno
woodoludloed
Cudgs'edlivll
cuvédllinlovy
ERKP-E RN Y PP
Dol Yundag]
owddulavivugy

TEND:®

TENDLS

TBTLS

TTRNS
ZLF3

REND S

SLuC:

Lba
LiA
AND
Inp
SUd R
$T4
LDA
LUA
UV
JMp
Lua
AOVZL
JMP
JSk
JMP
STA
LVA

sug
STA
AuC
S1A
STa
JSK#
JriPp
YLF

STA

Lua

LUA

STa

LOA

STA

R 1V]-]

3TA

$Ta

$Ta

STA

MmUYy

JSRe
JMPe
")

InSeRT LINE FEEW IF NEEDED

JeLAC
1,L10CH,2
1,4)SnNR
TENU

P
VsLTTLF,2
B)ELCHU
1,CHR
VJ,V),SZR
Tewnol
1)LTTLF,2
1,1,82C

o ?d

ReHNU

TTRAN
1,LTTLF,2
1sILF

a4y 0
Jrelmu
Qaa

Vv LTRXP,2
1,LTCHR,2
Fa

Iv0C

J,5L0C
1,LTRXxA,?2
JpLTRXT, 2
1,CoRT, 8
1,LTRCT,2
1,C8CT,8
D0
aLIRCT,2
VyLIRXP,2
VyLTRXT,2
WyLTRXA,Z
3,9

oY

SLOC

JGEY LF

JLET CHARACTERISTICS
JTeST IFr NEEDED

JNO

JSET Busy

JYES SET LF FLAG
JIEST IF £CHO MuLE
JRESTURE CHAR,

1YES
INO=TEST IF UUTPUT LF

rYe>

INd=TERMINATE RECCIVE BLOCK
FeXlT

Jlledax LF FLAG

1L0AD LF ANL

JCLEAR ECHO MOLE
I5ET TEwRMINATE RECEIVE FLAG

PSTuRE FOR LUTPUT
JOEND CHARALTER
JRETURN Tu LKrIVEK
JLF CrAKACTER

JSAVE ReTURN

FINSERTY INTL STATUS wWURVD
JLY PTR T ALY

iSaye RXT STATuS IN Co
1S4AVE CUUNT InN CB

jCcAx oYTE CQOunT
JLULEAx BYTE PTR
JAND CB ADDK
JCLeArR STATUS

103 Audx TO ACH
JeNuwUE BLOCK
IRETURN

1 SAVE RETURN

Figure B-1 QTTYLP Listing (Continued)

B-10



gl
g
03
64
84
0o
v’
'T]
uy
1o
il
12
19
14
10
- 1°
17
® ts
19
- v
2l
22
29
24
2>
20
27
20
2y
de
3
d¢
39
kY
35
do
37
Y]
39
4o
al

® p
] e

LILenSED MATERIAL =
ldvuwa UTTYL

Gesoltuldaue
duvddetuva/oo
vuddoalindaan
weodaleeonyl
evodd'le7vuw
Buddo'ledaoull
IR R YA A

veddu'logodsl
urdadl'tadovut
vodag! léndgy
L odd'v4oc)e
unddalyda/ v
Av34 ' 210741

Ve 343':)21‘7‘1
TR EYARTY AL

vaddetulorld
wedd)tulonle
beodelovuvdel
vvddotuelnld
vie30e! 1 dodyl
9039 il
uwvanlaan, o
e/ T cud 32
vy dLetuno 720

Aavdoltevela?
v dog!l gl
er 320" e/l

Yeooetdvvadd

PROPERTY UF DATA LENEXAL CORPORATION

' INPUT OPERATING In wEAD SEWUUENTIAL MJUDE (IF ANY)

TRSS

TeObe
phENy

’
T3iL s

TeOF:

TRET S

BARKS
TLLL:

LLis

usl
JmP
Sup
Lua
AVD
8T4
JMP

Lua
S1a
Suo
STa
Lba
JmPpP

Lua
Jup

use
balZ
Jmp
LUA
Lua
AQY
5714
LUA
Jmp
137

LDA
Jme

YL
e ENY

C8CT,9
TTRN

Yy
1/LTR%A,2
¥l
1)LTRXA,2
Teny

HANULE BACKSLASH

1,CunBF,3
1,LTRXP, 2
1,1
1)LTRCT,2
1,CHR
ToTl

END QF FILE
v, ECOF
Bewy

HanuplE RKJoOULT
LTxCT,2
LTRCT,2

o*l

¥y LTRCT, 2
1,CbdfF,8

gyl

1,LIRAP, 2
l'b‘lRR

ToTt

JTEST FOR END OF RECV
INQ

teudb 10

JuPuaATE

sRECEIVE STATUS

JGET INIT BYTE PTR
JRESET CUKRENT

JBYTE COUNT
JECHQ BACKSLASH

J1GET tRrkOR PARAMETER

JueLREMeENT BYTE COUNT
JUNLY ONCe IF ZEROQ

JLEY pBYTE CCUNT
1GEY ORIGINAL BYTE PTw
JCONRECT bYIE PTR

tLET bACK ARRQW
FOUTPUT CrHAR
JoALK ARRUw

LINE LIMIT EXCEENED

drtd
] Y]

JGET ERKUR PARAMETER

JLINE LIM1TY EXCEEVED

Figure B-1 QTTYLP Listing (Continued)
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LICENSED MATERIAL = PROPERTY OF DATA GENERAL CORPURATION

B9 WITYL
BARK dondol!
CEND w0ovddda!
BSL nrveds!
C377 wvadla!
coBr Vadne ]
CBCT wédoed
CBRY duvusd
CENG  vgngda!
CHR degeal!
CLOC woel70!
(o} 6dup77!
CRr Mon2d2!
CRTN wavu74!
ECHU waiéow!
ENDN  #Mouude!
EUF duvegd] !
FF ¥.i32d 3!
FFEEU wwau?2d!
ILOC wvngdo!
KEY Vugldo!
LAC dodlaal
LCo1  vuelal!
LF vuengd!
LGTH  vngeed!
[ TORLER
LTCHN Jvdvnd
LTOCH vwouwld
L1P dup3? 7!
LTRCY veuzle
LTRXA vegoll
LTRXP Devudo
LTRXT dedued
LTTCT vedola
LTTLE ouaevln
LTTXA wuirule
LTITXP ageite)s
LTITATY ¢evunr?
QF 4 breddl!
WIiP Juvijad!
GLbd aaue?o!
QP Sadiee!
GTTL? cuvsve!
RENU  wuvalz!
RLOC  wubsln!
ROUT wvurena!
RTX ¥l Tk,‘-lé:"
SLOC  weiltdou!
STCR  vu123!
Ti¢ 2oveval
TBT11 sé¢ndunt
TCR urvedl!
Teny  vowuco/!
TeNul weuoed!
Tedn  eouvodo!
TEOF  wvuddn!
TiP Yo’ 149!
TLLL  wagoon2!

XN

XN
En
EN
(AT}
EN

8/34
B/68
6/1¢
4a/44
8/15
3/7€5
4/1%
1765
5727
5/23
3712
6/23
3/25
6/vS
2/58
6/19
6726
3/28
$/10
6/67
4/30
a/31
2/27
3731
8739
7/28
1716
5/724
1/713
8/27
1712
27480
8733
S/7114
1710
1721
1714
1712
d/na
1/7¢€0
1708
3739
1/63
1/89
1/vV4
2/11
b6/12
3/34
7738
5729
5747
6739
[ YZ'%)
7709
7/45
6/2%
6/21
S/10
b/32

8736
6/24
6749
5729
8/31%
a/5.,
7/46
6744
6718
5741
3743
6740
3/4¢
6730
2/74¢
6/%51
6747
3741
5713
o/8%
4742
PYZX)
2/33
0/33
8742

1/21%
5/37
1714
8/e8
1719
5714

o/38
1/10
2/712
1715
2/15
/14
b/ Ad
1747
d742
1/40
1/747
2/4¢
2/2%
b/4as
4,27
77406
5/40
/406
7/2¢0
7790
7/1¢
7729
8/e8
8723

6/3%5

8/4v

4/24

6/2¢
Srs42
5/25
6/5¢

B/23

5710

7/40

6rs41

3/17
5749
5/4v
8/3v
7/34
5/2b6

7735
3/1°
2/2y
d/ae
s/71¢
4/3b
5/4%
2/1¢

7/1¢
2724

a/d33
7/4/

8/2¢

8/1e

873y

6/29

6/49

7/12

6/50

4737
6/3¢

7749
5/39

7/4¢
3732
4/4¢
3/38
4a/97
4/13

7733
4739

- 4741

8735

7/38

7/43

7/25

7/30

5747
7737

8/3y
7/27

a/49
7/11
4/14
4/3¢

Figure B-1 QTTYLP Listing (Continued)
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7740
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7741

8/12
7/16
4710

8/714d

8/10

7/21



LICENSED MATERIAL = PROPERTY OF DATA GENEkAL CORPORATION

dvio uTTYL
TLOC Qeeil7!
TNE voueed!
TOP vd¥ud!
TOPE  wenold!
TUUT dviéedds!
TRBT ecieddy!
TRS dewdat!
TSHL @ceesds!
TTEN @édlvg!
TTRte Buvdlal
TWC davide!
TwE buples!
TWS duelés!
TYRN  davcla!
TYRX odead!
YCM vedn??!
YCR VeIl
Yul Vg4 !
YEF oV
YFF ovld
YLE wariée
YLF vedulz
YLL devidad!
YSL dovedd!
YSus 177777
ILF vegolt!
oBNU Ve 2du!
k4 wwldedl!

XN

N

XN
XN
XN

4/05
6711
2/11
2/2¢
2/19
6/
6749
6/18
1/¢64
6¢38
3727
2/31
37168
2/22
/17
1/00
1/28
1/4106
i/27
1/73e
1/31
1/¢9
1/006
1/v¢e
i/vo
7/22
4718
6/45

4/19
6s22

3767
3/04

8727

8726
B/1%
2/20
7/20
4/30
2/3%2
4724
2/37
2735
37443
3/46
6/48
6751
3741
Jra42
2/33
6741
R/ 4

7/31
6744
7/¢9

4/24

4/65
7/3v¢

3/24

2/3%

6/40

6/47
8/4e
2/31

7745

8r07

3734

3738

Figure B-1 QTTYLP Listing (Continued)
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APPENDIX C
APFLICATION PROGRAM EXAMPLE

The application program (QMTST) is an example of a user task which uses the
CMS driver. QMTST is designed to send and receive to any line configured in
the system. By means of a configurable option tatle (TAB), the send or receive
control blocks enqueued for each line may have the control block and /or buffer
printed on the teletype, and/or the message sent to the same or to another line
in the system.

The program is composed of two tasks: one to start or restart the CMS, and the
other to perform on-line processing of received and transmitted messages. Use
is made of the . CMIN, .CMDA, .CMSD, .CMRD, .CMDQ, and . CMNQ routines
to illustrate the handler's operation. Note how both the calls . CMDQ and . CMNQ
are used (see label RBP) to access the control block queue. Even though the ore
call , CMDQ would suffice, both are included to illustrate their functions.

Two other modules are utilized for this application, BLOK and QCONFIG. BLOK
maintains a queue of available control blocks and buffers for use by the QMTST
program and QCONFIG is the user-supplied configuration module. It includes a
description of a single date controller, two-line system using the QTTYLP line
procedure. Also the TAB table and control block queue reflect the application.
This application is set up to receive on line zero (in line mode with echo), and to
send to line one (in sequential mode), and then to send from line one back to line
Zero.
The RDOS load command necessary to create this save file is:
1) to run under RROS:
RLDR 1/C 2/K QMTST BLOK QMIO QCONFIG CM. LB )
2) to run under RTOS:
RLDR/C RTOS QMTST BLOK QMIO QCONFIG CM. LB RTOS1. LB RTOS2. LB)
A listing and flowchart of the application program follow at the end of this appendix.
Figure C-1 shows how control information and data are passed between any applica-

tion program, line procedure and CMS driver. hitially all buffers are linked
together to form a pool. Each buffer is composed of a five-word header (which
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forms a Control Block) and a contiguous portion (for data). The application program
first gets a buffer from the pool (step 1) and provides its address to the ., CMSD
and/or . CMRD routines (step 2). These routines insert the Control Block address
into the appropriate line table, and then start the operation (step 3). The line
procedure inserts or extracts characters into or from the data portion (step 4).
when the procedure determines: that the operation is complete (or that an error

has occurred), the procedure enqueues the Control Block on the Control Block

queue by means of a call to CENQ or CPENQ (step 5).

The task readied by the enqueuing operation then dequeues a Control Block by
issuing either a . CMNQ or . CMDQ call (step 6). The Control Block is then re-
turned to the buffer pool (step 7) or is reused for a send operation (step 8).

The QMTST listing is reproduced in figure C-4; BLOK and QCONFIG are illustrated
in figures C-5 and C-6 respectively.



'
Buffer Pool
User ’ CB
Level .
- >\\ .
CB ; -
data D
USER TASK
° @\
.CMSD .CMRD
\
Interrupt Line Taile \,\
I_‘-f-}:\zl ot o . A2 FNLe ] ‘
s P R, h i
ren [ fcn e - I
| ‘ i | e e ]
data’ idaca" }f{.f:ti‘:} ; i» vl i 3;}5’
C. -

Line
///\.
Procedure @
o
. Figure C-1 Data and Control Flow Between Program, Procedure and Driver
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NOTE: "CB" means
"Control Block"

RSTRT

.RESET the system,
JAKILL all tasks,

and deactivate the
MUX

Relink CBs

Start

QOMTST

Initialize the MUX
and type console
message

Initialize the input
task, activate lines 0O
and 1, and set up CB.

Issue read from line
0,

Figure C-2 QMTST Initialization and Restart Flowchart




NOTE: "CB" means
"Control Block"

RBP

equeue a CR ‘
and don't

Dequeue a CB and
suspend task

L
Validate Absolute
Line Address
of CR
N Is it. v
a receiver C3
: ?
RT v RR
Type CBon TTY
Type CB o‘n D if appropriate
console if

appropriate

Type buffer on

TTY
If appropriate

Type buffer on

TTY console *—*—'_Y

if appropriate

Issue

receive to
t.‘;is»)l;:ﬁ

Get and set vp Ci;
issue read.

L

Return the CB Get and set up CB.

Get line #. Issue
read.
L

Get line #, Set up

this CB fordsend.
ssue send.

j -

Return

Set up this CB for

to
BEGIN . |send. Issue send.

Figure C-3 QMTST Main Task Flowchart
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LiceNdch MATERIAL = PROPERTY UOF DATA GENERAL CORPGRATION
vonl &i1T3T

21
02
R}
«TITL QMTST TUEMONSTRATE 4409 (ChS)
02
vo INITIAL TASK FUR RUNMING CMS AND LINE PRUCEDURE
o7
09 JOUPEN TTY CHNL
vy FINITIALLLE THE Mux
10 PwRITE INITIAL MS5G TO TTY
11 $SCHELULE INPUT TaASK
12 JaCTIVATE LINES W,1 & I5SUE RECLIVE ON LINE ©
10
14 eENT Kb P
1° atNT WHTST,RSTRT
10 «EXTN aTabr, FRI, JKILL,ARILL
17 ‘ SEXTN oCMSD, o LMRD,GMLIS,sCMDA,B506,BE00,BNOW
13 et XTN .CMUQ!u(oMNl)'ﬁth!BUﬁ-QyYLL'CE'\')'BFSZ
1y EXTH TAB, gLMIN
29 LN
21 viadewl o IXTH 1
Q2 1:vov'udsdhy UMTSTS  Luad 9, TPNM JOET TTY FPILE NaAMe
QY wurmltlgadun Jud 1.1
24 vuawdlouowl? «SYSTH
20 cuuwratalane sUPEN " JOPEN CHL @
20 vecdicd'ecwdd Jox ENRUR FERROR RETURN
e7 vvvwd'iz7/777 «CHIN JINITLIALIZE CMS
é8 vuavolynadad JOR ExKk JERROR mETUKN
29 ¢rivvi/todnaad LUA dyrM561 IWR1TE mMSG 10 TTY
39 dvulivlowovy? a3YSTH :
31 euclitulZewn ennl 0 IwR1TE 1O CHL ¢
e verleluguadd JOK ERR(R JERROK RKETUKN
39 wovlotuglalo Lua vie ITP 1SCREDULE
33 vucleladadio LuA Ly o8P FINPUT Task
39 Avwlo'1777277 . TASK
9 Jrvile'lunadyn JoOK ERRUR JERROR mETURN
37 owul7 e300 JOKE sUlEw FLET A CTrL BLk
98 duidn'u'aady J&K EKR JERKQR KETURN
Y uviugllieraco Lua dy STLN JLINE NUMoER TO ACS
Ay Jxv ' ¢uwa 0 LU A 100380 IMAX mYTE CAT
4 wrngolnéede e >Ta 1,leCl,x 1INTC Co
e woula'1?27777 «CMRD 11535U A RECEIVE FOR THIS LINE
43 Juu2oterabeo Jsnr ERK JERRUR RETUKRN
44 guuevtl77777 NILL JDELETE TASK
43 geud/'uidege STLNS 0 ISTARTING LINE NUMBER
40 wuLdu 177777 1YBC: Yol JDUFFER BYTE COUNT
47 cuvolluvgewl TP i JINPUT TASK PRIURITY =
43 Gvud'nasle7 ' JRBPS RBP FINPUT TASK

Figure C-4 Multiplexer Test Program (QMTST) Listing
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~~.

-

"}
g2
23
04
" 1]
(1]
o7
b
oy
190
11
12
13
14
135
16
17
18
1y
2v
4%
22
23
24
29
20
27
24
2y
32
31
kP
33
34

LICENSED MATERIAL = PROPERTY OF DATA GENERAL COKRPORATION
f¥0o2 WriT3

'

AUgIIeudeEl7 RSTRTS
Yvovda'idduve
wovddlur4dll
A6adote2n?/d
Iad7 1177777
0W064v'1177777
doddllunadl?
Vuwdd'niadded
Youddt102494
Cuuda'177777
veadtuwu? dd

940 lvwdon)7 ERRORS
aavd/ ' cuodue
Yuddu ey 122" TPNME
Unsd1'vw22124
952117
v dve
wuddatdeulI2MMS6LS
ved92 1141313
"u0144a
wddloud
ndndl7
vdolitl
vd7111
ud1tl
444514
v44992
sdedvd
YUt ey

WESTAKT PROCEDURES

eSYSTM JTTY <ESTARYT ENTRY POINT
+KESET JCLOSE ALL OPEN CHLS
JSR ERROR :

LUA W, ITP

«AKILL IkIi. PRIOR | TASKS
«CMDA JOEACTIVATE MuX

JSK ERR JERRGR RETURN

JSR RLCB JRE=LINK THE CONTROL BLOCKS
sus 2,8 JPRIORITY @

PRI 7 SET TASK PRIORITY TO 2
JMP QMTST

«SYSTHM JERROR RETURN

JERTN 1 IDLE SYSTEM

.’1'2

oTXT T3TTO! JTTY FILE NAME

12

o TXT TEMS DEmMD INITIALIZED<1b>!

Figure C4 QMTST Listing (Continued)



LICENSED MATERIAL = PROFEXTY OF DATA GENERAL CORPORATION
10003 QnTSY

ul

be ’

29 ) Re=LINK THE CONTRCL BLOCKS

va ’

25 vvule'uoadldw RLCB: 3Ta J)RTMP+l JSV RTIN PTR

86 waa711¢2a49) LDA 1,K4

67 wwole¢tvdadls STA | 1aRTMP

98 U731 1254vy I~e 1,1 $CB CYRL CELLS

¥y veA7alydoadi STAe 1).BNOQ J(RESTORE NMBR UF BLKS IN @ CNT)
10 vuuZd'euedl LGA Dy 8FSZ 3PLUS DATA BUFFER S1ZE

11 vuu70igddcy AUD 1,9 JFORM CB SIZE IN ACE

12 ava/?'vou482e LUA 2,,C8Bw  JPTR TO 1ST CB IN CHAIN TO ACR2
19 wulew'leded RLCLS MOV 4,1 JFOkM PTR TO

14 vigfelitld7nde AQD 21 INEXT Co

15 ouluéltvdovne STa 1rt8,2 FINSERT LINK

16 1ifand'ylaata 082 Ri1mp PFINISHED

17 uitledlyuydn? Jmp x ¥ ING

18 wulegd'lovvaeud JMP RLC2 JALMOST

19 J0:ied'1d1lvow MoV 12 JLINK THE

2¢ viviel Veuw?71 JmP RLCY INEXT CR

21 vwllutldlovn rRLC2S nov 1,2 JINSERT

22 avl11'i204ve suB 1,1 ILINK B

29 velle'védewny STaA 1,4,2 JIN THE LAST CB IN THE CHAIN
24 vvlla'edéall STA# 21 eBEUN IRESTURE £OW PTR

2% o118 'vgndud LuA By)yeldn IRESTORE

20 Zulld'cseevn STas Yy.5ul FOJdu PTR

27 Jullz'vulan? JmP# HTMPel JRETURN

248

Y wvu,l/'edevwpe RTMPS LK 2

de¢ wul21'1772777 ,ChBad Cbo JPTR ID 18T C38 IN ChAIN

31 w1 getvvruoa KéS “

3¢ wulidw'l/2777 ,3850Ge oUW IPTR TO STAKT OF CB QUEUE

33 vivlee'1772777  psE0Wd peub $PTR 10 END OF CB QUEUE

34 10129177777 +ANJGS ©BnNUy frTR TO NUMBER (OF BLKS IN C8 QJUBUE
33 Uwlew'\727777 LBFSLS 8FSZ SUATA BUFFER SIZQ

Figure C-4 QMTST Listing (Continued)
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g

LivenwsED MATERIAL = PROPERTY UF OATA GENERAL CORPGRATION
lvvoa QnTST

"}

v

23

(1) H RECEIVE TwSK FOk MUX TEST

8> .

a0 H WiLL CHECK YO SEE WHAT YO U0 wITH EACH CONTROL BLOCK(CB)
a7 s Niv INPUT WUE ANU DEPENDINL ON LINE nNO,

98 H LPTIONS ARE: 3 = PRINT C8

gy ] Bl = PRINT oUFFER

19 ’ B2 = ISSUe A xECY ON THIS LINE (RT)

11 ! B3 = ISSUE A RECV OM OTHER LINE (RO)
12 1] B4 = SEND BLX 70 UTHER LINE (350)

13 3 8 = SEnD BLK TU SAME LINE (ST)

14 i Bld=b1s = LINE NO, POR SEND

15

16 wwl2?'177777 RBPS «CMNQ JGET QUE ENTRY w/U SUSPEND

17 vuloLt177777 «CMDG JnT RETURN, GET ENTRY WITH SUSPE
18 vwidliltevaddl JMP ot

19 weldétlolvwe MOV 1,2 13 PTR TU AC2(LN IN ACY)

2v¥ auldd'lndaday LDA 30 AMK

21 unloetlt/aagn AND 3,3

22 ¥uldd'adaeay 3$TA 3y ALN JSAVE LINE NO,

23 2d13n1ngéadd Luae VyenLIS sCHECK IF GR HIGHEST LN IN SYS
24 ¢v1371'112432 T ayCls ¢r3,81C

25 volun'voddly JoK eEnrRr JYES= MALT

20 wuwl4l'udedll STA 2,5avVe 1SAVE JUELEL CB AUDK

27 volde'ududsd LUA B)eTAD $TAD ADUR INTD ACY

28 vuldv'il7vve AL ¢ d

29 ¢vldata2ldoe LUA w0, d JUPTIUGN IN ACWY

30 vuladtgeooud LUA 1,Cp0L,« JICHECK LB TYPE

31 un14o11234819 MuyL# 101,5nNC

32 vuld7'auuddl JMp R §SEND

d9 wuldvluaded JmP RK JRECELIVE CTRL BLK = CHECK OPTION
34

30 ulid1'177777 LBENUE  BENUY tenGuEUR C8

Jo WYuwlde'i/7/7/7 .outlWd BUEW jleuueut C8B

87

38 ' EXRUR EXIT ROUTINE

39 9o153'w0da77 ERRI AALT JHALT T0O EXAMINE REGISTERS

40 vJi24'g114ay JMP ¢, 9 FRETURN

Figure C-4¢ QMTST Listing (Continued)



looud

ol
Ve
LX)
")
93
-]
a7
a8
dy
19
11
1<
19
{a
15
le
17
1o
19
v
21
¢
29
24
3]
20
27

LILewSED mATERIAL = PRUPERTY UF OATA GENEXAL CORPOURATION

GArsT

Je192'¢24d23
culdo'lllsadve
PIINS-YAR TS & ST
culhe s «o92
ertolliviiag
viiloglaoddold
vwloo'lillig
wilalenawdln
vieldoticliog
e oo lvvaun/
wello/ 15l lwd
wallatyedadd
vvlZltlulie?
auilld'vruda
del/Zotuwivl/ e

welZatacc77
e L7 vuvea
el /a0t 1272777
6wldl7/7VV77077
Cveda'll 2777

} keCtIve CONTROUL BLOLK

RRS

AMK

ALNG

oHLISE
eTAD S
RmSal

Cvigpl'awande'MBCT

LUA
ANL
M0VL
JSr
MUVYL
J SR
MLVL
NEL
MUVL
JoSr
Muvy
J o
MUVL
JOSR
JMpP

77

«
LTI O\
Tan
177777
YL

1'RMSR
1,9
w2, 82C
PRCB
vew, 82C
PKT
¥y, 8LC
<L
Jev,S2C
RMhL

Wyt 8S2C
SNOL
G610, 520
SnD

KpP

= CnElx OPTIONS

JGET RECEIVE MASK

JTYPE CB?
JYES
JTYPE EJUFFEK?T

1YES

11S5ur RECV ON THIS LINE?
JYES
JIsSsure
JYES
JSEND BLX
JYES
FSEND BLK
YRS

JGET NEXT

RECV ON OTHER LINE?
TU ANUTHER LINE
TU SAME LINE
ITem ON GUE

JLINE NO, MASK

JLINE NO, SAVE .

PHILHEST LINE NUMBEK

JLINE OPTION TAQlLE

JRECEIVe CGPTION MASK

JMAX BYTE CUUNT FOR RECV QR SEQ

Figure C-4 QMTST Listing (Continued)
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LICENSED MATERIAL = PRUPERTY OF DATA GENERAL CORPORATION
1040 GMTST

o1

02

LR

¢4 I RECEIVE THIS LINE

25

96 »#M2921954427 RL1 STA 3,USPT JSV RIN

B7 oGels9'capaed ST ¥, 75V $SY ACR (TAB)

28 Yu2W4'vuo746 JSRe +BDEQ JGEY A CB

09 Vu2ud'uvarzad JSR ERR i JERKQR RTN (CK ACM)
19 dv2udlvla7d? LA D,ALN JLOAD LN IN ACR

11 vU2V7'024772 RX: LOA 1,M8CT FINIT, COUNT

12 Ja2iv'vadvnnd STA 1,CBCT,2

19 vudll'tvgguea! «CHMRD 11SSUE RECEIVE

14 ¢v2ie'uuda’al JSR EKR JERKOR HALT
19 vu2iotevvd?? JMmP X417 JRETURN

16 H TYPE BUFFER CONTENTS

17 vw21a'ydvalgd PARTS STA ¥yl8V JSAVE ACP

18 vueld'vwBaald STA 3,UsP1 1SAVE AC3 In UST WORD
19 Ju2lo'udidls LOA 2+ S5AVE JGET CB ACOK

29 212171921461 LOA 4.CbBF, 2 JGET BUFFER ADDR

21 wuld2c¢'cudbal7 PWS e SYSTH

22 dveli'vl7wyn LN é JWwRITE TO TTY

29 vuddd'undadid JSR ERROR JERRGR RETURN

24 V&2 'tc2ddly ’ LUA e nCR IwRITE CR

23 ve2ed'uvwnal? e 3YSTH

26 nd2n'tsal7udd e HWRL [ JWRITE YO TTY

27 wud2dlvviaoga JSR ERRUR JERROK KETUKN

28 Me2/'oovald JmP XIT FRETURN

29 duddu'lidwoww TSV Y] }SAVE AC?

¥ cv23i'ueavey USPT: 4 FSAVE RETURN

31 vu2ddlevesdn SAV2S A 1SAVE (3 aCyuR

32 ¢wédI'oes7vu2"wlRrRe SPCeivw?2 JBUFFER B8YTe PTR FOK CR
33 ! SEND THIS LINE

34 ¢nddat 34775 SNDI 374 3,USPT JSV RTN

39 uuddd'udu773 374 B,I3v 1SV ACe (Tacg)

30 vuddolel2u7d7 LLA deALN JALA TO A(C2

37 9ud7?'edu?/73 SXi LUA 2,5Av2 1C8 TU aCe2

38 vwdw'iz’?77 «CMSD JSEND SuBR

39 vvdel'vaa/ 2 JSR ERR JERNOR RETURN=ACZZREASON
49 wudde'oen?sn XITH LUA Ay LSV PHESTCRE aCly¢

41 vndad'lus2?ob JnPe usPT PRETURN

42 ' SEND ANUTHER LINE

43 wukdd'!oda755 SNOLS STA 3,uUdSPT }SAVE RETURN

44 Vw2Ad w4753 3TA vV ISV ACQ [(TAB)

45 yuddo'gdarzz? LUA 3y ALN JGET LINE NUMBER (LN)
48 vucd) 'u2d73v LDA 1,.TAB JFRUM DPTION TABLE

47 ¢n2dv1d7¢ud APV 1,9 JTAp AUUR TG AC3

48 wuegdlte2ldge LUA V,9,3 JLINE NOo FROM TAB

49 Vned2'1v3d722 LUA 3, AMK

59 Y2539 '1638440 AND 3, JLINE NO, TO ACo

51 vu294'vuvulod Jnp Sx 1GO TU COmMQON SEND

Figure C-4 QMTST Listing (Continued)
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LICENSED MATERIAL = PROPERTY OF OATA GENERAL CORPORATION
{vvw7 QmMTST

vi

ve ] RECEIVE OTHER LINE

VY vb2d5'ub4754 RNLS STA 2HUSPT JSAVE RETUR™ PTR

84 vuebdo'vdu?752 3TA 8,28V ]SV ACY (TAB)

B8 oiL237'o0bb73 JSRe «B0EQ JGET A CB

06 ©vU280'1¥v4673 JSR ERR JERROR RTN (CK ACH®)
87 Yu2031034714 LDA 3y ALN 1GET LINE NUMBER (LM)

98 vudbe'udd’Zid L.0A 1,+TAB JFROM LPTION TABLE

@9 vulod'id7Vdu apo 1,3 }TAY AODR TO ACY

{y vugod'te2lduy LOA A,4,3 JLINE NG. FROM TAB

11 vulod'wsd?y¢? LOA 3, AMK JLINE MASK

12 Vw200 )1H534v9 AND 3¢9 JLINE NO, TO ACO

13 wekb?'vuu? e JMP RX 1G0 TO COMMUN RECYV

14 ? TEST SEND OPT]IONS

19 vnd7v:1eda2)l RT3 LuA 1,TMSK JLOAD TRANSMIT MASK

10 g7 tigsdun AND 1,¢

17 voe¢72'121102 MOV, ¥,v,52C JITYPE CB?

18 uve?7d'uwaal? JSR PRCB IYES

1y uugldliallvl MoV 0,4,S2C JTYPE BUFFERT

20 vv273'0.4717 JSR PRT JYES

21 CuzZotivullee MOVL d,90,82C JISSUE A RECY ON THIS LINE?
22 vu277'wvaled - JSR RL JYES

29 wvovellalle? Mavy 4,0,81C JISSUE A RECV ON OTHER LINE?
24 vuoulltena?sa J&R RNL 1YES

29 vudu2'lviiud MUV w,9,52C 1SEND BLK TO ANOTHER LINE (S0)
20 vuond'laudZal JoR SO IYES

27 cuskdtinlic? MUV 2,9,81C JSEND BLK TO THIS LINE (ST)
20 ¢aoudtoaaz? Jor 3nD 1YES

2y cedet'ovzoZ24 RTXS LUA v, 54ave

JY vadu7'aunna? JSRe «BENQ JRKETURN CB TO FREE STURAGE
31 wweditoanisey? JupP REP JGET NEXT 1YEM ON QUE

02 w3111 4vany TMSKS 14ddud JTHANSMIT OFTION MASK

33 H} TYPE CB CONTENTS

da ¢udle'sn34717 PRCBI 3STa 3)USPY 1 SAVE RETURN

33 duola'toady?id STA Ca SV 1SAVE AC@ AND AC2

36 weold'ovea2e S5TA 2,C8 TINITIAL CB PTR

37 wrold'éguden LUA 2,C5 1«0rD CT

38 wydlolygavayl $7a 9,PCT

d9 wwoll'13.423 LA 2)PuuUb JTYPE BUFFER TO AC2

49 223247101 ¢¢es MOVZR 2,2 JUAKE aZRC PTR

41 vuogl'oedald Pl LUAS @,Ch JGET NEXT wURD

42 Vo822'0va42) JSK ~ 0CTC JCONVERT SUER

49 Judds'e2uald LOA 3, 8PC JSTORE SPACES

44 yuadu'adlery STA c 08,2

49 vvog3'loledy INC 2,2 JSTEP BUF PTR

46 uvdgdnlalvdle 182 Co ISTEP WURD (T

47 VUId7'9l1udle I8 PCT JITEST IF END

4o vvovuvtuonlil JMP P1 INO

4y vuodllulsadly LUA B SPCey JYES STORE CR

8d vauooetudlrus 5Ta 49,2

81 MBS lvdnan? LUA W, PBUF

82 wudva'lewndsg Jup Pw JCOMMON TYPE

53 uwodd'L//773 €SI -5 JCH S1ZE

54 vudsolavaang CHE ) jcCB PIR

By e/ tudvany PCTS v FwiRD COUNT

S0 prvdnluenvdy SPC3 «TX ¢ <iO» }SP,3P,CR, 9

8?7 - X-O17)

08 cvuide'45a1w14MPBUFS PoKke?

Figure C-4 QMTST Listing (Continued)
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LICCHSED MATERIAL = PROPERTY UF DATA GENEnAL CORPORATION
{evold UMToT

vl

o2

"N

va ' UCTAL TG ASCII CONVERSION SUBR
U

L] ' ACOaw0ORD TO CONVERT

07 H AC28BUFFER PTR

']-]

By uddotvb4aqy OCTCE STA 3)QRTN  JSAVE RETURN

1¢ ¢vwoad'lssadyd LUA 3,C4 IwORD CT

11 v O8dlucudia LUA 1,MSK1 JMASK FQOR BIT 2

12 v6d4n'1a11da 0OCLs MUVL 4,9 3SHIFT TAU FUr BITS

19 wuldd711ullve MUOVYL ¥,9 JNOTESC BIT MUST BE PRESERVED
14 vddu'lvagsd STA 8y SRV FSAVE WGRD

19 wwodiltldoage AND 1,4 1SAVE OCTaL

10 vesbeluludea I8z JeveN JTEST IF CGUDL BYTE

17 wuodd'vwudl? JHP oL4 INOD

18 weadatuddavy LUA 1,9,2 JYES= LOAD AND PACK WORD
19 vuodd'12d34u4 MOVS 1,1

20 wwodolildovue ALD 1,0

21 LEJD710244d2) LLA 1,Cbo JGET ASCII MASK

22 Lwdbyp'lgovuy ADD 1,9

29 vudnl'yatina STa 4y, FSTORE INTU BUFFEK

24 ¢odt'ldlaua INC 212 19TeP BuFrex FTH

20 vuo0d 1724wy INC 3,3 15TeP wiRD CT

20 ¢udbw'l75¢vd MOV 3,3,5NR JTESY IF &0

27 wkdod'su2alse Jrpe ORTN }YES, RETURN

206 vuvoolucadla 0C23 LUA 1)MSK2 JTRIAD madX

2Y ¢udbZ'vzuald LDA ¥y SAY JGET wOwD

39 wuo7c'ivilvn MOVL U, JOSHIFT BYTE TO RIGHT HALF
31 ¢vd71'9uve?0 JMP oct FFINISH

32

33 wod7é'evcawidls 0QCAaS LDA 1M1 JSET GOOU/EVEN FLAG TO =%
34 wwolats4484cy STA 1/ 0BEVEN

39 ¢us78'cdlovd §Ta Ard,2 JSTORE =YTe

36 wed?0'udy?7 JMP 0C2 PGET NEXT

o7

3d vwoZ0'ouudey UEVENI ] J000/EVEN FLAG(ENUS UP =8)
39 v d77'177775 €3¢ -3 pwdk0 C7Y

40 v.udcew'oouvwau Loat 39000 JASCIL masK

4] vudgl'lovieul MSKLE 1 JulT o MASK

42 wvdn2'uvauve? MOK23 7 JTRIAD MmMASK

43 weddv'vducuy ORTNE 0 $SAVE RETURN

44 vudvd'ycswud) SAY: d JSAVE aUNU

45 wvaud'i77777 M1t -} JMINUS ONE FOR FLAG

46 :

47

48 ¢va¢0'y0aued PBKS wOLK 2% JTYPE BUFFER STORAGE

49

S¢ +ENU QMTST

Figure C-4 QMTST Listing (Continued)
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LiCenoED MATERIAL

ddes WhTdI

ALN
AMK
suku
BENu
Beuy
8FS<L
IS
sSUw
Co
cd
Cou
Co
Cuv
CobF
(of-Tof}
CaolL
ERR

ERRUR
ITP

ungl?ay!
[EDFYR
valyld!
uskilol!
voenieadl
y»ilﬁlzo‘
4euvieat
Munlly!
PIOARY R
Wi 38!
avanal
EPIIRKELA
vurilel!
Wavivie

U tle'ud

Juatee 9

webloo!

vonuae!
T AN
nei)lee!
RPN
Crvega !
CvvieDa!
Tepran Lt
Juudog!
oty !
Vendso!
ventdod!
ARV AP
Culdad!
uiewsol
dceav!
vapoei!
Cobdeol
vulhdag!
wyb 3372
nipayd!
veiidlel
vottden !
vowl?Zo0!
vendou !
v le2 !
vepnegnd!
derlue!
walial
vanaZa!
vudea!
Wokedd!
daolio!
Neubwwdo !
el
wurllz!
dilugviol
Uulicc/!
ugpava!
Juudd2!
Y1 edq!
dewedal

XN
XN
XN
IN
XN
AN

AN

XN
EnN
EN

EN

4/22
a/24
1/1¢
1710
1717
1/18
1717
1717
871
77387
872l
7736
1/716
6/2¢
1741
4730
{s20
©/14
1/¢0
1739
3/40
8/33
5/27
1/72y
5/11
6/28
1/4v
8/1¢
8/28
8717
7/4¢
8/10
8/499
/r4]
7/58
7739
7798
5/¢9
5711
b/el
1717
1/7¢4
1/14
5719
3718
3710
e/1¢
S/00b
S/1>
4/33
1/1%
LYA Y
3709
7/2y
6/11
8/14
4/20
5/19
S/717

= PKOPERTY OUF DATA GENEKAL CORPURATION

5723
5/2¢
47386
a/3>
3739
3735
3734
3732
873y
77538
8/4u
7741
S/ 3¢

o/12

1/30
0/38
1/738¢
1747
3791
[- WA L]
6/11
2723
Bra}
8/4¢
1748
8791
B/3¢c
CYRR]
8/09
8/34
8s27
77408
6745
7/51
7747
7/18
0/y7
7782
/24
1719
1748
c/ub
d/s2¢
3/¢1
3d/ed
2/20
7/703
S5/v06
2765
7715
/07

7743
8729
o/19
6/s734
0/43

6/1¢
6/49

7740

1749
7/ve6
1730
2/40

8s30
8/749

7/5¢k
7/5%%
7/34
7/2¢

1722
4718
7/2¢

7/24

ds1e

8744
6/31
7/2%
7/4b

6/30
7/11

7/%54

271}

e/s¢7

271%
2/2¢

3727

6737

6/45

472>

2/17

8/%5¢
7731

3729

7/29

Figure C-4 QMTST Listing (Continued)
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47389

6,23

6/09

6727
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SPC
STLN
$x
TAB
TMSK
TPNM
USPY

WCR
XIT
YL
sy

o AKIL
- «B80EQ
oBENG
+BEOG
WBFOL
QBNOU
»B5UG
oLB0
«CMud
sCMIn
s LMND
oChry
.CMSU
NLIDE
oXILL
oPRI
WREP
« TAE
s TASK

LICENSED MATERIAL = PROFERTY OF DATA GENERAL CORPORATION
Bolu uMTST

wYP3du!
dovcel!
PR PAYA
bub}i77!
vaRdgl!
dupnda!
ovinesl!

Yop2dd!
voped!
vnplet!
veneda!

vepus!
wuis1d2!
wepLatL!
wovled!
vsplaa!
vweuleo!
veiilest
wigl1dl!
sutuda!
g1 da!
Covaed!
yu1e7!
aquuain!
vogddat
dapnlizo!
Jur2o!
nwuhudg!
s d!
wuui??7?!
Yobwin!

AN
AN
AN
AN
AN
L&

XN
XN

AN

6732
1/39
/37
1719
771>
1/22
6/05
7/34
6/24
6/15
1/18
6/07
7735
i/10
1737
4a/3%
J/24
3/1¢
/98
3/20
3712
1717
1/18
1/19
irlo
1717
1717
4/23
1/106
1710
1734
a727
1716

7/4%
1745
6/51
5725
7732
2/19
6718

6/32
6/28
17496
6/17

2/99
4/36
7/73¢
3733
3/3%5
3734
3732
3/25
2/1¢
a/17
1/27
4710
1742
6/358
S/724
1744
2/14
1745
5/25
173>

Figure C-4

7/49

6/3¢

6/4p
S/27
6/29

6s708

3/3¢

6/19

6740

7756
6/34 6741 6743 7/03
6735 6/40 6/744 7/¢4
7735
7/7¢8

QMTST Listing (Continued)



avyl BLOR

gl

ad
V4
CE]
51}
a7
k-]
vy
14
11
12
13
14
12
10
17
10
1y
v
21
eé
23
24
22
an
e?
20
2y
$a
31
o<
39
da

393 v

3o
37
b E-)
]
4o
41
Qe
49
a3
4>
4v
a7
L Y]
“d
oI5}
91
3¢
BB )
Y
329
39
57
d2

0N '1264vw
vewdl1wbog7?
wvae ! ¢dudagd
Wagd'taddad2y
¢rindt115vav
vuaadtaaddvy
oo tadedl’?
vigdul tedodld
evulae!idlued
ccdlltuangan?
vunle! adowhu
vowloteliedld
ruwletvivaaanl
ponldtrasded
vivlotvteli?7
weall'vveduvad
Vredo'udoded
GumeiVvinul?e
vyveelwiddud
Gengd'ue deve
wun 261772777
weng'177777
~ee'172777

covd/ VL 2oded
vonwav twaw2l’/
viv L9l ' de 73
vee detidlvnbd
coveddtgenale
caedd! L dlnun
GavidD 42707
¢ iantalel7y
PP YA 12
gvuAatnde?od
rae 3L ead030
wvvdetiécloa
METIAFICIINL S W)
cornaaViu]lér)
worgadtanvy 7?7
oocdbtenlsey

@ = = we =

ENQS

BEXTS

BMT?

gsvael
ARTNS
SBSUW
-1 450¢]
«INUG

.o os e

. ws ve we e we W

MT1ye

Licensed Material - Property of Data Geucral Corporation

#TITL
USED TO3
oENT
+ENT
+EXTN
«NREL

BLOK

GET / RETURN CONTROL BLOCKS
JRTN CB
JGET CB

BENG
BDEW

BS0Q,BE0Q,BNOQ

ENGUEUE CB (RTN CB)

ACA = CB ADDRESS

JSR BE
NORMAL R
SuB
INTOS
STA

STA

MOV

STA

LDa®
STae

MOV

Jme

STA

1520

JMP

LUA
INTEN
JMPe
STae

JmMp

(4}

4]

85046
BEQU
N0y
QedukuE
BELt
EMPTY RE
NRML RTN

sug
INTUS
LUAE
MOV
JMP
LLA
STA®
vSie
JHp
STae
STA-
LULAE
INTEN
JMP
INTEN
JhP
+END

NQ
ETURN
1,1

2,B88ve
3,8BRTN
0,3

1,CBLK,3

2,.BEQQ
3y BECQ
292)SNR
BMT
3,08,2
.BN0Q

o tl
2,B8ve

8RTN
3!.5500
BEXT

Cob (GeT €8)

BOEW
TURN

1,1

2).08803
212+ SNR
MTW
Vs9d,2
ﬂ:.bSDO
«BNUR
«*2

0y BEDQ
19,2
1IobNUa

1,9

¥,d

GET A
AC2
AC2
aCl
AC®

)SV AC2

JSV RTN PTR

JMOVE CB TO AC3

JSET CB LINK = @

10L0 EOO TO AC2

INEW EOG = CB

JWAS THE G EMPTY

1YES

JUPDATE AND LINK CB TQ END
JINCREMENT NOG COUNT

JRESTORE AC2

JRETURN TO CALL<!
1S0u = CB

JRTN TO CaLL<l

]SV CELL FOR AC2

1SV CELL FOk RTN PTR
1PTR TO SQQ

JPTR TO ECQ

1PTR TC NGO

o]
]
cs
NCD

NXT @ ENTRY

1GET SOQ

$TST FOR MT

INO CB AVAILABLE
JUPDATE

1504

$DECREMENT NOG COUNT

JEOG = @ IF QG MY

JINSURE @ LINK

JNUMBER OF BLKS ON THE Q@ TO ACH
JENABLE INTERRUPTS

JNRML RETURN

§NO BLOCKS, RTN TO CALLe+l

Figure C-5 Control Block Processing Routine Listing (BLOK)
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Wdué BLUK
BUkw Wuwwewdl!
oENw Wulone!
BECy  Youeed!
pexl  uvouweld!
uMT vapveun!
oNOuw wwruo!
arTo  Gouvigd!
g30w  wileea!
3oVe vaduedd!
chK dauvL
MTu vogwan!
eDEUL #upued!
eBNUU vrvedo!
sOSUL neuezy!

EN
N
X

XN

Licensed Material - Property of Data General Corporation

1/@9
1/0v4
1/66
1/24
1722
1/40
1716
1760
1719
1718
1746
/19
1/¢é
/ey

1/42
1713
1734
1/3¢
1/728
1739
1/28
1739
17206

1756
1720
1/73%
1733

Figure C-5 BLOK Listing (Continued)

1732

1734

1/34
174y
1744

C-17
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Jdol YLUnF

vl
a<
99

a9
10
a7
Jb
gy
19
11
12
19
14
12
1o
17
13
1»
eun
el
¢
29
2=
P2
20
e/
P4-]
&y
Je
g1
dz
3
34
39
S 1]
by
KX-]
Js
du
4]l
de

adelle
dunli’Z?
doewel??
Hedl??
Vdb194

Ceealloduel

Nehadllldasevy

v e it gend !
wuwwdolapy gad!

vwevael 1772777
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TITL
«ENT
«ENT
WEXTHN
«NREL
YLLsE
YLMs
YSuos
YoLs
YsLs
Tas:

154901

154¢ ¢

duTuri

LTe
LT1
-1

QCONFIG JCONFIGURATION MODULE FOR 4068

QLTDP
YOL,YSL,
QTTLP

72,
177
77

177
134

,850Q,6E03,BNOQ

YLL, YCM, YSUB,TAB,C88,cFSZ
j 4260 TELETYPE LINE PROCEDURE TABLE

JMAX LINE LENGTH(72«TTY)

JCHARACTER MASK(ASCIle7 BIT)
JOUESTION MARK (SUBSTITUTE CHARACTER)
JUEL (RUBOUT)=CHARACTER DELETE
JBACKSLASH =LINE DELETE

J1TAB ENTRIES

i8¢ =>TYPE THE CONTROL BLOCK

71181 =>
jeg2 =>
11B3 =>
1184 2>
1vBd s>

TYPE THe BUFFER

DONOT ISSUE RECV. FOR THIS LINE
ISSUE A RECEIVE FOR LINE 1
ISSUE & SEAND FOR LINE |

DU NOT SEND BLOCK TO SAME LINE

Juid=81S s> LINE NUMBER FOR SEND

1188 s>
1181 s>
fod2 s>
7183 s>
118a &>
teB5 =>

TYPE THE CONTROL BLOCK

TYPE THE bUPFER

DONQT ISSuE RECY, FOR THMIS LINE
ISSuE A& ReCEIVE FQOR LINE @
ISSUE A SEND FOR LINE 8

DUNOT SENUL BLOCK TO SAME LINE

jBla=815 s> {INE NUMBER FOR SEND

JLINE TABLE DIRECTOKY

FHOINTER TO LINE TABLE FOR LIN
1TFOINTER =i N

mm

T LIng ThAzoE FCR

JLAST TABLE ENTRY FLAG

Figure C-6 Conficuration Module Listing (QCONFIG)
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él
22
43
24
85
13
87
08
2y
19
11
12
19
14
15
io
17
18
1y
29
21
22
23
24
2>
25
27
b
29
34
31
32
39
34
32
30
37
33
39
4y
41
a2
449
44
40

vavedtvvuave

vodooli727777
Yo7 'ubocud
Podlu'vevooy

Yoa1llevdnen

Yoovlelovviedy
¥ueldlavouyd
Yudia)aisdney
veuld'teuduy
Juvioldudovd
gwel7evoibue
edw'vou e
Yow2lluwvddo

drip2dtdnlvan

daudd N dy

!
LTu!

FOR

FOR
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LINE TABLESS

JLINE TABLE ENTRIES FOR LINE ZERO

THE ORIVER INTERFACE = ENTRIES @ THRU 4

"]

1ENTRY @

JLINE CHARACTER]ISTICS

184 = ASYNCHRONOUS LINE

JB1=B15 = NOT USED

JENTRY 1

fPOINTER TO TTY LINE PROCEDURES
JENTRY 2

JCELL RESERVED FOR
JENTRY 3

JTRANSMIT CELL
JENTRY 4

JLINE STATUS WORD

LINE ADDRESS (LN)

THE PROCEOURES INTERFACE = ENTRIES 5 THRU 16

@

[}

104y

PENTRY O

JRECEIVE CONTROL BLOCK (CB) POINTER
JENTRY 6 .
JNECEIVE BUFFER BYTE POINTER
JENTRY 7

PTRANSMIT CB POINTER

JENTRY 18

)TRANSMIT BUFFER BYTE POINTER
JENTRY 14

JRECEIVE PARAMETER (STATUS)

JENTRY 12

JRECEIVE BYTE COUNT

JENTRY 13

JTIRANSMIT PARAMETER (STATUS)
JENTRY 14 -
JTRANSMIT BYTE COUNY

JENTRY 18
JCHARACTERISTICS wOQRD
183 = 2 (LInNE Mlle)

186 8 1 (LINE FEED FLAG)
1812 = § (ECHO MQOE FLAG)
JENTRY 16

JLINE FEED FLAG

Figure C-6 QCONFIG Listing (Continued)
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40
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s
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11
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19
14
1>
15
17
18
iy
29
21
22
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24
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20
27
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r¥s
d¢
31
32
39
34
33
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37
R Y)
3y
Q.9
4}
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a9
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40
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a7
45
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91
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JLINE TABLE ENTRIES FOR LINE ¢
P JENTRY &
GTTLP JENTRY 1
«BLK 3 JENTRIES 2=4
«BLK B, JENTRIES 5~14
JENTRY 15
100820 JCHARACTERISTICS wWORD
1B@ » | (SEQGUENTIAL MOCT)
) JENTRY §6

LINKED CONTROL BLOCKS
BFSZ = 48, JDOATA BUFFER STORAGE CELLS

Coil 1CBLK = LINK

CBA+5#2 JCBBF = BUFFER BYTE PTR

2 $1CBCT = BUFFER BYTE CTR

e 1CBOL = TYPE/LINE NUM3ER (LN)
9 JCBRT = WORK CELL

BLK BFS2 JOATA BUFFER

c82

Coie5¢2

"]

"]

]

«BLK BFSZ

ced

Cu2+5¢2

0

a4

@

«BLK BFSZ

(4-7}

Cud+Be2

%

"]

]

«BLK BFSZ

a JLAST CB = LINK B
CB4+5e¢2 .

"]

"]

"]

oBLK BFSZ

cee I1START OF CB QUEUE

Cud JEND OF CB QUEUE

5 FNUMBER OF CONTROL BLOCKS
«END

Figure C-6 QCONFIG Listing (Continued)
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1700
1/07
17606
1/0b
1707
3737
3724
3/31
3738
1739
1/49
1/00
1/08
1/¢e7
1707
1707
\/u?
1/e?
1707

3753

3/71% /22 /29 3736 3743 3758
3754

3752

3/47 3/18 /52
3724 3rs25

3/31 3732

/38 3/38

3745 3746 3/5%
2/04

3s02

1737

2713 3/e4

{718

1713

1715

1/12

1716

1714

Figure C-6 QCONFIG Listing (Continued)
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APPENDIX D
COMMUNICATIONS TIMER PACKAGE

Each communications device driver includes two communications timer modules as
part of its library. These modules contain all routines neceszary to implement a
communication timeout process. The RTOS/RDOS operating systems allow the
definition of one user clock driven by the system Real Time Clock (RTC). If the
communications timer package is used, the timer routine is defined as the one
allowable user clock routine, but the user may still gain access to the timing
mechanism provided by the user clock by using an optional feature called the secondary
timer function.

Throughout this appendix reference is made to primary and secondary timer functions.
The primary function is defined as the action taken by the timer routine with respect
to all active communications lines in the system. This includes the decrementing of
line timer counts, recognizing timeout conditions and calling line-specific time-out
procedures when required. The secondary timer function is defined as the action
taken by the timer routine with respect to a user-defined secondary timer function
task. The secondary function could be used to start a system sub-function period-
ically e.g., calling the communications auto-answer /disconnect routines. Both

timer functions are described below in more detail.

The names of the two timer modules are TIMIN and TINMER., TNRMIN ceontains the
initialization and deactivation routines and TIMER contains the user defined clock
routine.

These modules contain three timer subroutines with the following entry points:

Entry Point Routine Description

. TOIN Initialize Himeout functons.

. TODA Deactivate timeout functions.

TIMER User-defined clock routine that performs

primary and secondary timer functions.

Each routine and its function is described below in a greater detail.



The requirements for implemeanting the communications timer functions fall into four
areas:

Data Structure

Timer Subroutines

Line procedure interface
Applicatior: programiming

The primary timer function requires that the user make available three (3) additional
line table entries. These entries are mentioned in the Chapter 3 line table descrip-
tion. They are located in the three words immediately preceding the line table and
are referenced by means of negative index values as follows:

Mnemonic Index Value Entry Description
LTTTO -3 Transmitter timer word
LTTRO -2 Receiver timer wnrd
LTTLK -1 Timer link word

In addition, each line that is to be included in the timeout chain must have the time-
out enable bit (B14 of LTSTW in the line table) set to a one.

The user must also provide a Timer Parameter List (TPL) formatted as follows:

TPL +0 Task Message Address } Secondary function
TPL +1 Timeor VWord Darameters
TPL +2 List of line table
. Primary function
. directory pointers parameters
TPL +n
EOL -1

The first word of the TPL is the task message address used by TIMER to communicate
with the user -defined secondary timer functon task and the second word (TPL +1)

is the timer count associated with the secondary timer function. Both words are
defined and maintained by the user. If the system does not require the secondary
timer function, both words must exist and must be set to zero.

Starting at TPL +2 and continuing to EOL -1 is a list of table directory pointers. A

pointer must exist in this list for each line table directory (LTD) which has any time-
out-enabled lines in its directory. The TPL is terminated by a minus one (EOL .= -1).

D-2
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Timer Initialization (. TOIN) (Continued)
COMMUNICATIONS TIMER ROUTINES

On the normal return ) .
The modules, as previously described, contain three subroutines. The following

secticA€Hescribe each RRItinddddst & Gundtithe it Periaddnval@ds WRELEABPTO"
priate, give the calling dequethee PP eddegse)futi user must start a
secondary timer task that issues a . REC call on the
Timer Initialization (. TTH3K Message (TLP +0) as the final step in initializing
a secondary timer function.
This routine is contained in the TIMIN module and must he called by the user to start
the coh@dunications tinldé$Pfunctions. Depending on the parameters passed, . TOIN
. performs the following functions:
"ossible error returns from this subroutine call are the following: )
L Creates a timeout chain by linking the timeout-enabled lines (B14 of
ACO LTSTW setEmpathedasing word LTTLK in the line table (primary
function only s No lines timeout enabled.
2 = No clock in system.

° Clears ﬁm&:\%ﬂbﬁ&ﬁﬁ%&deﬁ%%é@p@ﬁ;l%ﬁﬁ@&? (primary function

only). 4 = User clock already defined.
5 = Address outside address space (mapped systems).
. Initialized secondary function routine indicator and clears secondary

Timer Deactivatiorfnd@@idAimer (secondary function only).

This routine # conBdneririmesec IO Kragudaky iy isluing grstadr@lesttR4te one
or both of the primary or secondary timer functons. Depending on the parameters
passed, . TODA peiiefimss thienfetlooudtin€uficBiéR &) to system as the user-defined clock
routine by issuing a . DUCLK call. -
e Terminates the primary timer function.

‘ The calling sequence for this non-reentrant subroutinz is as follows:
e Terminates the secondary timer function.
ACO - Function code

® Removes the user clock ffomithtiayeeche ByPissnsay #1RERCPRIGYE EpCHOnS.
call (only if no timer funckisrinisial ige RrHRaT Y e Uae s call).
2 = initialize secondary function only.
The calling sequence for this non-reentrant subroutine is as follows:
ACl - Clock interval specifier
ACO - Functiofl eoeke second. .
0 = Deadtivane Heakf ;seefldy and secondary timer
functismene -quarter second.
1 = Deactivate primary timer function only.
AC2 2 = Deadtimere pazasesandist udduzessnCionly.

. TODA , TOIN |
normal getornreturn
normal return



User-Defined Clock Routine (TIMER)

This is the routine that is called by the system each time the user clock interval
expires and a user clock interrupt occurs. TIMER performs both the timing and
subroutine calls for both the primary and secondary timer functions.

If the primary function was enabled by means of a . TOIN call, TIMER uses the
timer chain to scarn both timer word entries in all chained line tables in the system.
If a timer word is found to be non-zero, TIMER decrements the value and checks
the result for zero, which indicates a timeout condition. When a timeout occurs,
the timeout line procedure is called (see next section). If no timeout occurs, the
decremented timer value is restored to the timer word in the line table.

If the secondary timer function is enabled, TIMER decremcnts the secondary
function timer word in the TPL and checks for a zero result. When the secondary
function timer reaches zero, TIMER issues a . IXMT call with a message address
of TPL +0 (the Task Communications Cell) to start the secondary timer task.

When TIMER has completed its activity, it exits by executing a . UCEX task call.

LINE PROCEDURE INTERFACE

If the primary timer function is used, the user must provide a timeout line
procedure. The address of this routine is located in the fourth word (LPTLP) of
each line procedure table (see the line procedure table description in Chapter 3).

When a line timeout is detected by the TIMER routine, the timeout line procedure
is called as fellows:

ACO - mode indicator
0 = receiver timeout.
1 = transmitter timeout.

AC2 - Line table address.

AC3 - Base address ofline procedure table.

JSR@ LPTLP, 3 ;CALL THE TIMEOUT LINE PROCEDURE
normal return ; CONTINUE SCAN

terminate scan return

On the normal return, AC2 must contain the line table address.



LINE PROCEDURE INTERFACE (Continued)

The terminate scan return is provided to allow the user to limit the number of

line timeouts that are processed at each clock interval. By taking this return, the
user forces TIMER to stop scanning the timer chain and to proceed immediately

o the secondary timer function activity if it is enabled. On the next clock interrupt,
the line table scan is resumed from the point of termination.

APPLICATION PROGRAMMING

This section describes the steps that must be taken by the user in writing an
application program that correctly implements both the primary and secondary
timer functions. Also included is an application example (TIMAP) that shows how
the timer routine's calls and data structures might be implemented.

The Communications Timer Package, as described in previous sections, has been
designed to be easily incorporated into the user's communications system. Since
the timeout modules are part of a library, they will be loaded only once for the
entire system, regardless of how many library names appear in the RLDR command
line. This satisfies the requirement that there exist only one timeout routine in the
system which, in turn, will handle any combination of communications devices with
any number of attached lines. To force the inclusion of the timeout modules in a
communications save file, the user must ensure that either the initialization or

deactivation routine calls, . TOIN or . TODA respectively, is referenced bv a . EXTN

statement in one of the load modules preceding the library (XXX.LD) modaic in te
RLDR command line.

The TIMIN module is also supplied as a separate relocawble pinav J0. 770 71U RT
Therefore, the initialization and deactivation routines-could be run as overla} s b}
specifying TIMIN, RB as an overlay in the RLDR command line. In this case, only
the TIMER module would be loaded from the iibrary.

The user must first create the timer parameter list (TPL) as previously specified.
If the primary timer function is used, the timeout line procedures must be provided
with their addresses stored in the fourth word of all appropriate line procedure
tables.

The primary timeout routine is called at interrupt level, so it should do as little
processing as possible. Thus, major processing should be deferred to a task-level
routine, perhaps using the . IXMT/.REC task commumcatlons calls. The secondary
function is required to run as a user task.

-~



e’

APPLICATION PROGRAMMING (Continued)

The user may then incorporate . TOIN or . TODA calls into an application program
to initialize or deactivate timer functions. Once the primary timer function has
been initialized, the user is responsible for setting and clearing the timer words in
the line tables.

|
Even though a line is linked on the timer chain, itdoes not commence timeout
activity until its timer word has been set to a non-zero value. This value is equal
to the number of user clock intervals to expire before the line times out, and this
value should be set into the timer word immediately following the initialization of a
transfer on a line.

Similarly, the user must clear the timer word in the line table as soon as possible
following a normal completion of the transfer. This terminates timeout activity on
the line and eliminates the possibility of a line timing out after normal completion
has occurred.

Included here is an application example in subroutine form, TIMAP, that shows how
the primary and secondary timer functions may be activated or deactivated. Also
included is an example of a secondary function routine. This particular routine
shows how the auto-answer/disconnect functions for all lines in the system could be
implemented so that all switched lines in the system would be scanned periodically.

Since TIMAP is supplied in source form to a variety of communicati iisers,

minor editing of this source must be performed by each user to tailor the illustrated
example to a specific communications device armhcatlon. Concequentl\ throufrhout
this illustration comumented references to Chirios DI Jalul ol Lir . slorndevice
types will be made; those references which apply to the dev1ce Demg wed in an
application must have the semicolon deleted, raising the comment to active source
code status. The fellowing discussion elaborates upon the TiniAr asseribly iisting
presented as figure D-1. Comments upon this illustration will refer to sections of
code by assembly listing page and line number.

The first page of the illustration in figure D-1 contains several distinct elements.
Page 1 line 6, 7, 12, and 13 contain external references and external definitions re-
quired to run the application. Page 1 lines 8 - 11 contain external references to line
table directory pointers for the following respective devices: 4100 (Multiline
Asynchronous Controller), 4060/4073 (Communications Multiplexer System),

4015 (Synchronous Communications Contreller), and 4029 (Asynchronous Line
Adapter). The order of these devices is preserved in the other portions of this

page where these devices are referenced in comment groupings.

D-7
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APPLICATION PROGRAMMING (Continued)

Lines 19 through 25 contain the Timer Parameter List. The first two entries in
this list contain the address of the secondary timer functiou: routine and secondary
timer word respectively. The next four lines constitute the comment grouping for
all four devices. Each device has a line table directory pointer. Tle list is term-
inated by a -1. Page 1 lines 27 - 33 contain definitions for: INTVL, STCOD, and
STCNT. INTVL specifies that the user clock interval is set to one half second.
STCOD specifies a full timer initialization, i.e., activation of both the primary and
secondary timer functions. STCNT is the value used to reset the secondary timer
function word. The value two (2) in this example causes the secondary timer task
to be started every second, since the user clock interval (INTVL) was previously
specified as one half second.

Any of these three parameters may require changes to reflect the user's individual
requirements. These parameters are merely used as input to the . TOIN and . TODA
calls in this example.

Page 1 lines 36 - 40 contain a list of auto-answer subroutines used by the secondary
function. Note that this comment grouping omits any reference to the 4100 (MAC),
since this device provides no auto-answer function. As with the TPL, this list is
terminated by a -1.

Page 2 of the illustration contains the two uscr-level routines wiich would be called
to initiate or stop the system timing functions. The user calling scquences are
described on lines 5 - 8 and 30 - 33 respectively. These calling sequences require
no input parameters, bocause tie paramicters to, PO it L TOCD0 ars ool sd in.
line on this page of code. These parameters are as described earlier in this
appendix for . TOIN and . TODA. Note that these routines are not reentrant (the
return is saved in RETN),

Page 3, the last page of code in this illustration, contains an implementation of a
secondary timer task. If the return from the . TOIN call indicates that a secondary
task should be started, the code on page 3 lines 7 - 11 is executed to initialize a
secondary timer task that has the entry point SECFR (page 3 line 19). The first time
that SECFR runs, it issues a .REC call using TPL +0 as the task message address.
When the TIMER routine finds that the secondary timer count (TPL +1) has expired,

it issues an .IXMT call using TPL +0 as the task message address. As a result,

the secondary function task resumes operation following the .REC call (page 3 line 24).
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APPLICATION PROGRAMMING (Continued)

utine specified in the secondary function
xxAA call in the list is placed
After the successful execu-

t is reset in the Timer

and the secondary
another . IXMT call

This routine would call any auto-answer Io
list on page 1 (lines 36 - 40). In this example, eacli .
in relative location 55 (line 29) and is then executed.

tion of this routine, the secondary timer function coun
Paramecter Listusing the value STCNT described previouslys
function task issues another .REC call on TPL +0 and awaits

from TIMER.
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Figure D-1
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{00v2 TIMAP

[“3

a2

¥ JSUBROUTINE TO START THE SYSTEM TIMING FUNCYIONS

va } CalLL

¥d H JSke o STKRTY

bo H ERROR RETURw

w7 ) NURMAL KETURN

vy } «STRTTS STRTT

2]

lv

11 6euil'edaaly STRTTSE STA 3)RETN JGAVE RETURN

12 Yuwledtoeo?/4 LDA B,STCNT JGET SEC TIMER COUNT

13 Levlo'tede?n6 STA Q,TPL*Y 3SET SEC FUNCTIN COUNT

14 wvulalyevw/7] LUA ¥,STCOLO JACUSFUNCTIN CODE

15 vuvldticea?d? LUA 1, INTVL JACISTIMER INTERVAL

10 ¢velotuwdvdy? LDA 2,,TPL ;AC2®SEC, FUNCTION PARAM, TABLE
17 vaol?7'177777 +TUIN JINITIALIZE THE TIMER RUUTINE
10 vwd2ds'vbubua JMP STEXT JINLT, ERROR ACUSBERROKR CODE
1y wav2l'idleed MUV 102,58 }SHUULD SEC TASK BE STARTED
20 wvovee'vwndld JMP SECTK JYES=STARY TASK

21 vwu2dtulvaud 182 RETN JMAKE FOR NURMAL RETURN

22 cwo24'vw24c2 STEXTES JMP ORETN JexlT

€9 ’

24 gun2htuvndpu! ,TPL: TPL JPOINTER TO TIMER PARAMETER LIST
25 Jduddotuvveovy KeETN? 4]

€0

27

28 JSUBROUTINE TO STUP ThmE SYSTEm TIMER FUNCTIONS

29 ; caLL

39 H JSKe +STUPY

31 }

3¢ i NORMAL RETURN

99 H «STUPT: STOPT

34

35

30 vage/ V7 vade. STHPTE  InC 3,3 JSTEP FOR NURMAL WETURN

37 evadu'teoulin STA SemeTi $SAYR RETLURN

38 vewst'lo2u?oa LOA 0, STCUD 1ACosFUNCTICN CUDE

9y Woude'izi777 . TGUA JUEACTIVATE TIMew FUNCTION
4y 23 3'n24723 LUA 1s3TCNT $1GET SECONDARY TIMER COUNT
A1 5. 394'v4a4/ 43 $Ta 1,TPL*L JRESET TIME=

4e JuvdD'uunib? . JmP STEXT JEXIT

Figure D-1 TIMAP Dlustration (Continued)
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fesss TImapP

21

w2

89 JSTART THE SECONDARY FUNCTION TASK

v ] ON ENTRY?:

€2 ! AC22PCINTER TO TPL

Vo H

¢7 bvadotp24432 SECTK:  LDA 1, SECF JGET STARTING ADDR OF TASK

o8 Juvd’'v2edd2 LDA Yy STTP JGET TASK PRIORITY

vy weldu'iz727777 o TASK JINITIATE THE S*C TIMER FUNCTION
le vd04d4l ' weidy] JMP ot } IGNOKE ERRCR RETURN

11 wvwditlvvniong JMP STEXT=} JEXIT

12

13

14 JSECOUNDARY TIMER FUNCTIGN TASK

15 }

10 JCALLED EVERY ! SECUND oY THE TIMEW RQUTINE

17 7]

18 ’ .
1¥ scudd’lu2dvn SECFRE  Sub 6,0 ‘
2u wncddlran734 STA 3, TPL JCLEAR TASK COMM CELL

2l vuwdoludvrasl LUA 4,SrLLST PSETUF FUK A=A SCAaN

2e voiidn'unapagy S5TA Iy SFLTP

éd vuval'lugwZdbe LLA VW, TPL sLOAD ADDRESS OF MESSAGE LOCATIO
24 uwudu'i/z?777 +HEC 7 1S5ut REC FOR SEC TIMECQUTY

2 Meudl'ueddnalt NXTSFS Luas 9y SFLTP JENTRY FROM SEC. FUN, LIST

20 veude'luculd Cumsu Wby SNR FEND OF LIST (=1)

27 vwied3'gndud JMP E~NDSF SYES=KETURN

20 uroedalUavap] STa Uypetl 15T0Ke THE SUBROUTINE CALL FOw E
QY 032t agviely v 7 EXECUTE ,xXAA CALL FRUM HERE
3¢ vuviLd0'ulndll 182 SFLTP

31 anedZloew?7e JmpP NXTSF

3¢

39 viuwdyllge2ae ENDSP: Sub A

34 wvevntlt'viédn?y? 5Ta A, TPL jCLEAR TASK COMM CELL

39 Auabl'udvi724 Lua ApSTCNT JWESET SECONCARY TIMER WORD

36 cradotedn716 STa s TPL*L jallr T14ezR COuNnY

37 wvr€a!aalsd? JMF ScCFR InclSsUE WEL TASK Cali

Jdo

Ay

;s SAVE RETURN
FACURESS OF SellwpakY FCN, LIST
Fliumm=ENT Wl ST PTH,

42 i €d'vvuLies SRRET: ¢
4] vevdd'uveew7 'SFLSTS  AALST
Qe e d7'vugviee SFLTPI o

A9 vialolevowad! (SECFE SECEKW . fPOINTER TU SEC FUNLTION RUOUTINE
44 wuu/i'neae STTPS 2 FoLCUNDARY PUNCTIUN TASK PRIORITY
ay .

v ey

Figure D-1 TIMAP Ilustration (Continued)
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F_a

dvvd TlH‘P

AALST
ENDSF
INTVL
NXTSF
WLTuP
Re TN
SECFR
SECTK
SFLST
SFLIP
SRREN
STCUNT
STCOU
STEXT
STUFT
STRTTY
STTP

TPL

LMAA
RILL
oREC

o SECF
e TASH
o TOULA
o TO0IN
o TPL

vopoia?!
vrpepodu!
vokvwa!
aovudl!
vuvoe!
vveslo!
YokYad!
¢oredo!
yguato!
ovpuol!
Yukyob!
voeovo!
Qobous!
coewza!
Gohud?!
vowroll'!
vupne/l!
worbe!

wepuuzt
127777

BUicedn!
negpuza!
Wlpwdu!
vovvde!
vavwlz!
Newodd!

XN

EN

EN

XN
XN
XN

XN
XM
XN

1736 3/41
d/727 3739
1727 2/15
3/7¢5 /31
1709 1/722
2/11 2/21
3719 3737
2/2¢ 3707
3r¢} 3741
d/2¢ 3725
3/4¢
1733 2/1¢
1/29 2/14
2/1b 2/22
1/12 2/30
1/12 2711
3/08 /44
1713 1719
3736
1709 1737
1767
1/07 3724
d/7u7 3743
1/7¢7 dsey
1/¢6 273y
1/6b 2717
2/16 2/2a
Figure D-1
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2/25

ds42

3/35

3/114

2/24

*En k%

D-13

2/37

2741

3r72¢

3/34



\J

—

Program Name

Subroutines

APPENDIX E

CORE REQUIREMENTS

Function

IQMS

QLPIF

QISR

QMOD

QFCN

® arsov
QSEND
QTTYLP

QMAA

.CMIN
.CMDA

CPENQ
CENQ
.CMDQ
.CMNQ

QISR

. CMMS
QF1
QF3
QF5
QF7

QF0
QF2
QF4
QF9

.CMRD

|

Initialize /deactivate CMS

Line Procedure Interface

Interrupt Service

Modem Subroutines

CMS Functions

Receive Data -
Send Data

Teletype line procedure

Auto answer

%k %k % %k %k

Octal Decimal

262

76

120

213

73

103
136

365

70

178

63

80

139

67

94

248

56




APPENDIX F
CMS - 4060/4073 CALLING SEQUENCE AND RETURN SUMMARY

Call Input Normal Dotam Error Return
Call !

.CMIN None ACl - Line Table ACO - Error Code
. CMDA Directory AC1 - Line Table
Address Directory
AC3 - USP Address
v AC3 - USP
.CMS3D ACO - Line Number AC1 - Linz Table ACO - Error Code
. CNMRD AC2 - Control Block Address ACI1 - Line Table
Address AC3 - 18P Address
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APPENDIX F

CMS - 4060/4073 CALLING SEQUENCE AND RETURN SUMMARY

Call Input Normal Return Error Return
.CMIN None ACI1 - Line Table ACO - Error Code
.CMDA Directory AC1 - Line Table
Address Directory
AC3 - USP Address
AC3 - USP
.CMSD ACO - Line Number AC1 - Line Table ACO - Error Code
Y .CMRD AC2 - Control Block Address AC1 - Line Table
@ Address AC3 - USP Address
AC3 - USP
. CMMS ACO - Line Number ACO - Modem Status ACO - Error Code
AC1 - Line Table AC1 - Line Table
Address Address
AC3 - USP AC3 - USP
.CMDQ None ACO - Contents of CBDL} no errors
. CMNQ word of CB ACI1 -0
AC1 - Control Block AC3 - USP
Address
AC3 - U2
.CMAA None AC3 - USP AC3 - USP
: * ok
[
3 F"l




