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Preface

This manual is intended for computer programmers who are already
experienced in creating communications applications. The purpose of this
manual is to assist these experienced communications programmers in
creating applications for a Honeywell Series 60 (Level 6) hardware envi-
ronment that includes a Multiline Communications Processor (MLCP) or a
Dual Line Communications Processor (DLCP), and one or more line inter-
faces (adapters, Communications-Pacs).

The presentation is limited to a discussion of these communications
processors and their associated line interfaces; the reader’s knowledge of data
communications equipment, communications line conventions, and data
terminal equipment is expected to be based on additional sources such as
those listed at the end of this Preface.

This reference handbook is intended for use in conjunction with appro-
priate Honeywell documentation for the Level 6 operating systems ref-
erenced in the list that immediately follows the new and changed information
below.

New and changed information since the last edition of the manual includes
the following:

o All information concerning the Dual Line Communications Processor
(DLCP) is new. Timings for DLCP instructions are based on firmware
revision 4.

o Appendices on the following line interfaces:

1. Synchronous Broadband Communications-Pac (Appendix E)
2. DCM9110 Communications-Pac, Autocall Feature (Appendix F)

o Reorganized:

1. Table Look-up example for MLCP, originally contained in Section 4,
may now be referenced in Appendix A.

2. MLCP-specific LCT firmware-use-only diagrams, originally found in
Section S, may now be referenced in Appendix A.

3. LCT diagrams for MLCP and DLCP collectively are contained in
Section 5.

NOTE: Throughout this manual, the MLCP and DLCP are referred
to collectively as the “Processor.” The word ‘“adapter’ is
used to reference the line interface, which in the case of the
DLCP is present on the same physical board as the DLCP
and which in the case of the MLCP is separately packaged
(Communications-Pac). The function of the two is identical
in either instance.

Main memory (i.e., the Level 6 central processor) programs
are referenced as such or are abbreviated as MMP.

Individual references to MLCP and DLCP have been
retained where appropriate.

Honeywell disclaims the implied warranties of merchantability and fitness for a partic-
ular purpose and makes no express warranties except as may be stated in its written
agreement with and for its customer.

In no event is Honeywell liable to anyone for any indireci, specia! or consequerntial
damages. The information and specifications in this documeni are subject to change
withoutnotice.

© Honeywell Information Systems Inc., 1978 File No.: 1R(3, 1S03
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Section 1

Introduction to Level 6 Communications

Level 6 Communications offerings encompass a range of capabilities to meet dis-
tributed processing, remote data processing networks, and other data communications
requirements. This manual discusses the Level 6 communications processors and their
associated line interfaces (adapters, Communications-Pacs).

The Multiline Communications Processor (MLCP) is a programmable communica-
tions processor that provides an interface with the Level 6 Megabus (Models 33 and up)
and up to eight full-duplex communications lines. Low-speed lines (up to 300 bits per
second), medium-speed lines (from 600 to 20,000 bits per second), and high speed
lines (broadband) (up to 72,000 bits per second)! are supported by this system.

The Dual Line Communications Processor (DLCP) is a programmable communica-
tions processor that provides an interface between the Level 6 Model 23 and one or
two full-duplex communications lines. Both low-speed lines (up to 300 bits per
second), and medium speed lines (from 600 to 9,600 bits per second), are supported.

Appendix B of this manual contains a complete list of the available line interfaces
(adapters, Communications-Pacs).

HARDWARE OVERVIEW

MLCP

The MLCP is a single primary circuit board; it uses a single interface slot of the Level
6 Megabus (Models 33 and up). The MLCP provides the common elements shared by
all communications lines. These elements include the firmware-controlled microproces-
sor, a 4096-byte random access memory (RAM), block-check logic, and the Megabus
interface.

Line-specific logic is contained on Communications-Pacs, which plug into the MLCP.
Each Communications-Pac connects either one or two lines. Different types of
Communications-Pacs can coexist on an MLCP, which has an identical interface to each
Communications-Pac. A total of four Communications-Pacs can be plugged into a
single MLCP.

Figure 1-1 illustrates an MLCP with four 2-line Communications-Pacs mounted.

DLCP

The DLCP is a single primary circuit board; it uses a single interface slot of the
Model 23 bus. The DLCP provides the common elements shared by all communications
lines. These elements include the firmware-controlled microprocessor, a 5120-byte ran-
dom access memory (RAM), block-check logic, and the bus interface. Line-specific
logic is contained on the communications line interface (adapter) located on the same
board as the DLCP. The adapter connects either one or two lines.

Figure 1-2 illustrates a DLCP with two lines.

! The MLCP’s maximum total throughput rate is approximately 16,000 characters per second. However, the actual
throughput rate achievable in a given communications application is governed by certain variables, which include

the number of communications lines connected, the types of Communications-Pacs and data sets in use, and the
extensiveness of processing performed by MLCP-resident software.

INTRODUCTION TO LEVEL 6
COMMUNICATIONS 1-1 AT97
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Figure 1-1. MLCP Attachment to Megabus
OPERATION

The Processor supports the interfuce to main memory communications data blocks
(CDBs) by means of communications control blocks (CCBs), which are s¢t up and
maintained in the Processor RAM by input/output instructions that are executed in the
central processor. :

The line adapters convert output data characters into bit serial form Aduring transiait
operations and convert bit serial input into data character form during receive opera-
tions. The Processor provides control of thé line interface, supplving data characters to
the adapter on transmit and data character buffers to the adapter on receive.

As data passes through the Processor from bus (or Megabusy, to the adapter or vice
versa, the Processor Channel Control Program (CCP) exercises its control over the con-
tents and format of the data stream, generating appropriate interrupts and status and
control information as specified by the programmer in the channel control program or
as directed by firmware as a result of indicators set by the programmer.

INTRODUCTION TO LEVEL 6
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Figure 1-2. DLCP Attachment to Level 6 Model 23 Bus

Control information for each channel is stored in the line control table (LCT) for

the channel, which occupies part of the RAM and is accessible by the main memory
program and the CCP,.

RAM Layout

The layout of the RAM, indicating the storage areas for the line control tables
(LCTs) CCPs and CCBs, is shown in Figure 1-3 and 1-4, for the MLCP and DLCP
respectively. Note that the LCTs and CCBs are located at the low- and high-memory
ends of RAM, respectively.

Message Delimiting

Figures 1-5 and 1-6 illustrate how the Processor could provide (for a character-
oriented protocol), the message delimiting function by (1) looking for synchroniza-
tion characters, SOH, STX, ETX, and block-check characters on receive and

INTRODUCTION TO LEVEL 6
COMMUNICATIONS 1-3 ATQ7



RANDOM ACCESS
MEMORY (RAM) —

LINE CONTROL TABLES
Line 0 in first 64 bytes, line 1 in second

4096 BYTES 64 bytes, and so forth to line 7.
CHANNEL CONTROL PROGRAMS
Each CCP is reentrant and can service one
0 7 or more channels.
0 * COMMUNICATIONS CONTROL BLOCKS
Channel 0, line 0 in first 32 bytes; channel 1,
LCT's 512 line 0 in second 32 bytes; channel 2, line 1
FOR 8 LINES BYTES in third 32 bytes; and so forth to channel
15, line 7.
511 EACH
LINE
0 7
0
RECEIVE AND
TRANSMIT
CONFIGURATION/
CONTROL INFOR-
CCP AREA MATION AND
Sf‘c‘lARED BY 3072 WORK AREA
ALL LINES BYTES
63
0 7 o 4
0
CCBO 1 ADDRESS
CCB 1 \ 2
EACH 3
CCB 2 ccg T 4 RANGE
2 CcCB 3 5 CONTROL
3584 T i 3 STATUS
. EACH
CHANNEL.
CCB's 512 /
FOR 16 CHANNELS BYTES
4095
Figure 1-3. MLCP Memory Map
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Figure 1-4. DLCP Memory Map
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(2) sending similar control characters on transmit. The Processor itself is insensitive to
variations in character set and control characters, although support for different types
of communications interfaces may require different adapters to be used because of
varying transmission characteristics.

Transmit and Receive

Figure 1-5 illustrates a receive operation in which data characters are being received
into two noncontiguous communications data blocks (CDBs) in main memory. The
header block and the text block are receiving the data characters from the stream
whose line format is shown at the bottom of the figure. Since two distinct CDBs are
involved, two different communications control blocks (CCBs) are required. The
Processor (CCP) performs the required transition from the first CDB to the second
CDB, receives the incoming data character from the adapter, updates the block-check
accumulation for later analysis, does any necessary editing and/or status reporting,
and transfers the data character to the CDB in main memory.

Figure 1-6 illustrates a transmit operation in which data characters are being
obtained from two contiguous CDBs in main memory. The header block and the text
block are providing the data characters for the stream whose line format is shown at
the bottom of the figure. Since two distinct CDBs are involved, two different CCBs are
again required. The Processor (CCP) obtains the data character to be transmitted,
updates the block-check accumulation for later transmission, does any necessary
editing and/or status reporting, and transfers the data character to the adapter for
transmission.

In addition to the Processor’s ability to accommodate data transfers and related
message delimiting and editing for data communications, it also controls the data-
communications-equipment/data-terminal-equipment interface provided in the adapter
for each communications line. Data for this latter function is stored in dedicated bytes
of the line control table (LCT); this data can be modlﬁed and controlled by CCP
instructions as required by a specific application.

SUMMARY OF MAJOR FEATURES

Table 1-1 provides a summary of the principal characteristics of the MLCP and
DLCP.

PROCESSING PRIORITIES

The processing priorities of the Processor (from high to low) are as follows:

1. Servicing main memory program input/output instructions to the Processor,
2. Servicing adapter channel request interrupts, and
3. Background firmware scanning.

Servicing Main Memory Program Input/Output Instructions
Main memory program input/output instructions to the Processor are serviced as
the highest priority activity.

Servicing Communications-Pac/Adapter Channel Request Interrupts

The Processor responds to adapter channel request interrupts when no Processor-
related input/output instructions from the main memory program are outstanding
and after the currently executing CCP has completed processing the latest character.

NOTE: The DLCP will not service any-related 10 instructions during the execution
of a CCP instruction. When that instruction has completed execution, the
10 order will be serviced.

INTRODUCTION TO LEVEL 6
COMMUNICATIONS 1-8 AT97



TABLE 1-1. HARDWARE SUMMARY

Component DLCP MLCP
Random Access
Memory (RAM)?
Total Size 5120 4096
Dedicated to LCTs | 128 (LCT), 128 (Reserved LCT)
+ 256 Reserved 512
Usable for CCPs 4096 3072
Dedicated to CCBs | 128 (CCB), 128 (Reserved CCB)
+ 256 Reserved 512
Registers/Indicators A 12-bit (MLCP) or 16-bit (DLCP) P-register for program

(instruction) sequencing
An 8-bit R-register for data manipulation
An E-indicator for equals compare
A V:indicator for testing of valid CCBs
An LC-indicator for last character detection
An LB-indicator for last block detection

CCP Instruction Set

41 Instructions: 43 Instructions:
13 Branch instructions 15 Branch instructions
14 Double operand instructions 14 Double operand instructions
(three formats) (three formats)
2 Input/output instructions 2 Input/output instructions
2 Send/receive instructions 2 Send/receive instructions
10 Generic instructions 10 Generic instructions

Line Control Tables
(LCTs)

Dedicated Space: 1 per line
DLCP: up to 2 LCTs MLCP: up to 8 LCTs
Each LCT is 64 bytes long
First 32 bytes of each LCT are for receive
channel; second 32 bytes of each LCT are for
transmit channel
LCTs contain fixed programming and firm-
ware data along with nine programming work
bytes per channel

Channe] Control

CCPs are reentrant and can be used by one or more channels

Programs (CCPs) Bytes Usable:
DLCP: 4096 MLCP: 3072
Communications Dedicated space for:
Control DLCP: 16 MLCP: 64
Blocks (CCBs) Each channel is allotted four CCBs
- Each CCB is eight bytes long

CCBs are programmer-controlled by central

processor instructions
Communications- DLCP has present on same board one From one to four Communications-

Pacs, Adapters

line interface (adapter) Pacs can be attached
The adapter handles one or two lines Each Communications-Pac handles
(Two lines is an option.) one or two lines

(Two lines is an option.)
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TABLE 1-1 (cont). HARDWARE SUMMARY

Component DLCP MLCP
Line One or two lines From one to eight lines can be
Each line has two channels attached (through Communi-
(one receive and one transmit) cations-Pacs) o
- Each line has two channels
) (one receive and one transmit)
Channels From two to four channels From two to 16 channels
Channels are numbered 0-3 Channels are numbered from
Channels 1 and 3 are transmit; 0to 15
Channels 0 and 2 are recejve Even-numbered channels are
o ' used for receive; odd-numbered
channels are used for transmit
Line Speed Individual line speeds may be Individual line speeds may be
from 50 bps to 9600 bps “from 45 bps to 72,000 bps
depending upon adapter and depending upon Communica-
modem type tions-Pac and modem type.
aal figures in bytes.

The Processor services its channels on a priority basis. When more than one channel
has an adapter channel request interrupt pending for servicing, i.e., when simultaneous
channel request interrupts are occurring, they are serviced by the Processor according

to their priority levels. Refer to Tables 1-2 and 1-3.

TABLE 1-2. PRIORITIES FOR SERVICING ADAPTER
CHANNEL REQUEST INTERRUPTS — DLCP

Channel
Entirely Synchronous
Configurations
Priority (All lines — up to All Other
Level two — synchronous) Configurations
Highest 0 (Receive) 0 (Receive)
' 2 (Transmit) 1 (Transmit)
Lowest 1 (Transmit) 2 (Receive)
3 (Transmit) 3 (Transmit)
INTRODUCTION TO LEVEL 6
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TABLE 1-3, PRIORITIES FOR SERVICING COMMUNICATIONS-PAC
CHANNEL REQUEST INTERRUPTS — MLCP

Receive or
Priority Channel Transmit Line
Level Number Channel Number

Highest

:

Receive
Transmit
Receive
Transmit
Receive
Transmit
Receive
Transmit
Receive
Transmit
10 Receive
11 Transmit
12 Receive
13 Transmit
Y 14 Receive
Lowest 15 Transmit

O 00OV B W —=O

N AN R DWW WNN - —OO

Background Firmware Scanning

Background firmware scanning of activities with the Processor will occur after it has
serviced all main memory program input/output instructions (to the Processor) and all
adapter channel request interrupts. This scan can be used to interrupt the muain
memory program or to start a CCP whenever a data set or adapter status change has
occurred. Firmware scanning and related actions are enabled for a channel by settings
of certain bit positions in that channel’s line control table. For the MLCP only, a firm-
ware scan will typically occur at least every one-half second. For the LLCP, the time
depends on the number of instructions between WAIT or Stop I/O instructions.

PROGRAMMING OVERVIEW

In addition to preparing a main memory program, which operates in the central
processor, the programmer is responsible for creating the following software and
writing it to the MLCP or DLCP:

o Communications control blocks (CCBs)
o Channel control program(s) (CCPs)
o Line control tables (LCTs)

Before communications processing begins, the channel control program(s) and line
control tables must be prepared and then transferred to the Processor by use of the
Honeywel-supplied MLCP Loader (MLCP only) or by means of a block mode write;
both loading methods are described in Section 7. Communications control blocks are
dynamically supplied by the main memory program during communicaticns processing.

INTRODUCTION TO LEVEL 6
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Main Memory Program

One or more programs must reside in main memory to interact with the Processor.
A main memory program interfaces with one or more communications channels. The
general responsibilities of a main memory program are as follows:

o Optionally, it writes the LCT area and the CCP area of the Processor RAM as part
of the communications application loading process.

o It stores Processor channels’ interrupt levels in LCTs (unless this action has been
performed during loading of the Processor RAM) and then handles all interrupts
that come back at these levels.

o It performs Processor and channel control functions such as initialization and

starting/stopping channel operations when errors are detected.

o It sets up the required CCBs and maintains them throughout execution of the
application.

o It maintains CDBs in main memory. This activity includes (1) handling the CDBs
as they are completed, (2) supplying pointers to CDBs (for use by the CCBs)

when required, and (3) monitoring the status and error condltlons for each CDB

and reacting appropriately.
o It monitors the status of the data sets and adapters and takes approprlate action
when certain changes take place.

Section 2 describes the instructions that provide the communications-relayted func-
- tionality necessary in the main memory program.

Communications Control Blocks
For each channel, space exists in the upper Processor RAM for a “list” of four con-

secutive 8-byte communications control blocks (CCBs). Each CCB is used to store

main memory address information that indicates the area fo which communications
data is to be delivered (receive operation) or from which communications data is to be
obtained (transmit operation). The main memory area is called a communications data
block (CDB). Processor firmware uses the programmer-supplied information in the
CCB when transferring data to or from the main memory CDB. The CCB also contains
a control field and a firmware storage area for status and error indicators relating to the
data transfer to or from the CDB.

Setup and maintenance of the four CCBs dedicated to each channel must be per-
formed from the main memory program associated with that channel; a detailed des-
cription appears in Section 3.

Channel Control Program

A channel control program (CCP) directs the movement of each data character
through the Processor. The CCP can cause a data character to be processed in a simple,
straightforward manner requiring a minimum of time — or, at the discretion of the pro-
grammer, the CCP can conduct more extensive checking and editing functions that
require more DLCP/MLCP processing time. If the CCP is programmed to perform data
character processing beyond basic message delimiting and block-checking functions,
this processing will be performed at the expense of throughput speed.

Because of the nature of the instruction set and the design of the Processor, each
CCP is reentrant and therefore usable for more than one channel. A major factor per-
mitting reentrant CCPs is that the control information necessary to operate a channel
is stored in the LCT and the CCB associated with only that one channel.
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The following functions can be performed by a CCP:

o Data character editing,

o Parity and/or cyclic redundancy check generation and verification,
o Data set and Adapter/Communications-Pac control, and

0o Error detection and handling.

All CCPs concurrently resident in the Processor share the 4096 (DLCP) or 3072
(MLCP) bytes of RAM allocated for CCP usage.

The CCP is prepared by use of the appropriate program development facilities of the
operating system.

Line Control Tables

For each line, space exists in the lower Processor RAM for one 64-byte line control
table. Each LCT is logically divided in half, with the first 32 bytes dedicated to the
receive channel of the line and the second 32 bytes dedicated to the transmit channel.
Each channel-related half of an LCT comprises the following elements:

o Program-supplied input data,

o Programming work bytes,

o Programming information supplied by firmware, and

o Bytes reserved for firmware use.

Note that a CCP of either channel can access all 64 bytes of its LCT.

The program-supplied input data bytes provide information required for character
configuration, CCP control, interrupt control, firmware control relative to status and
error conditions, and data set and adapter control.

The programming work bytes can be used in any way needed by the main memory
program or CCPs.

Programming information supplied by firmware consists of status and error informa-
tion related to the data set or adapter as well as to data transfer operations.

A number of bytes are reserved for firmware use. During Processor setup, these
bytes may be overwritten with zeros for the MLCP only, but must not be overwritten
for the DLCP. During subsequent communications processing, these bytes must not be
modified by software.

SETTING UP THE PROCESSOR; RECEIVING AND
TRANSMITTING DATA

Listed below are three sequences of events. The first is a general description of one
possible way to set up the Processor before communications processing begins; the
second indicates the general order of events as data is received over a channel; the third
indicates the general order of events as data is transmitted from a main memory program.

Perform the following actions from the main memory program (see Figure 1-7):

1. Use the Honeywell-supplied MLCP Loader to initialize the entire Processor and
to write a user-created block to the LCT area and the CCP area of the Processor
RAM. (This action writes the user-desired values into each LCT to be used and
writes one or more user-created CCPs into the CCP area.) The MLCP Loader is
applicable only to the MLCP. Refer to Section 7 of this manual for a description.?

2As an alternative, you can use a block mode write (MLCP and DLCP) (a sequence of input/output instructions
in the main memory program) to write a user-created block to the LCT area and the CCP area of Processor RAM.
IMPORTANT: A block mode write should not be used to write into LCT areas other than the currently addressed
channel when any other channels may be active. In the addressed channel, care should be taken not to overwrite
reserved firmware areas in the DLCP (see Section 5). In addition, care should be taken when other channels are
active not to write into their active LCT, CCB area. Refer also to Section 7.
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MAIN
MEMORY
PROGRAM

MAIN MEMORY

MLCP/

ADAPTER
DLCP
RECEIVE CHANNEL
R-REGISTER
‘ 3C : -
LINE REGISTER 2
3A LINE REGISTER 4
38 LINE REGISTER 6
RAM TRANSMIT CHANNEL
LOADER
LcT
LcT LINE REGISTER 2
INPUT DATA .
cep 3A
ccp /1f AREA LINE REGISTER 4
INPUT DATA ,
. 12 oCB 38 LINE REGISTER 6
INPUT DATA AREA

Figure 1-7. Setting Up the MLCP/DLCP

2. Write the desired CCBs for initial commumcatlons data transfers.

3. For each CCP, issue an appropriate IO instruction to start the CCP, allowmg
it to load the necessary registers of the related adapter.
a. The CCP loads line register 6 of the adapter.
b. The CCP loads line register 4 of the adapter.
c. The CCP loads line register 2 of the adapter.

Refer to Figure 1-8 for receiving data.
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R-REGISTER 1R
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4R

RAM
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2R.

3R.
4R.

SR.
6R.

Figure 1-8. Receiving Data

A data character received in a receive channel’s line register 1 causes the Com-
munications-Pac/Adapter to generate a channel request interrupt to the Processor.
The CCP is started. It loads the received data character into the Processor’s
R-register.

The CCP edits/modifies the-data character in the R-register as required.

The CCP transfers the data character from the R-register to a CDB in
main memory.

The CCP assumes a wait mode.

The Processor starts processing the next function pending for it.

See Figure 1-9 for transmitting data.
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Figure 1-9. Transmitting Data

The adapter generates a channel request interrupt, signifying that it can accept a
data character for transmission.

The CCP loads a data character from the main memory CDB into the Processor’s
R-register.

The CCP edits/modifies the data character in the R-register as required.

The CCP sends the data character to the transmit channel’s line register 1 of the
adapter. From there, the data character is automatically transmitted.

The CCP assumes a wait mode.

The Processor starts processing the next function pending for it.

N
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The following sequence of events provides a more detailed description of one
way to perform MLCP/DLCP setup and subsequent data communications operations.

1. Initializing the Processor; Writing the LCT Area and the CCP Area?®

Special care must be taken when creating the image that is to be transferred to the
LCT area of the Processor RAM. Certain LCT bytes must be set up with appro-
priate values to control hardware/firmware operations; other LCT bytes can be set
up with application-specific values, as desired; still other LCT bytes must contain
zero (MLCP only) when communications processing begins.* Section 5 fully des-
cribes the program-visible LCT bytes. Section 5 also provides a detailed layout of
each LCT byte, including infoermation about the initial settings and subsequent
modifiability of all bit positions.

The Honeywell-supplied MLCP Loader can be used to initialize the entire MLCP
and to write a user-created block to the LCT area and the CCP area of Proc-
essor RAM. The MLCP Loader is not available with the DLCP. The MLCP
Loader is supplied in object module form and it must be linked with an object
module that contains, as a minimum, the user-created block to be written to the
RAM. (The latter object module has typically been processed by the GCOS Macro
Preprocessor and then assembled by the GCOS Assembler.) Details regarding the
Loader appear in Section 7.5 ’

2. Writing the CCBs

For each channel, one or more CCBs can now be written to define the starting
location and length of one or more CDBs in the main memory program. Each
CCB must be set up by the following instructions from the main memory
program:
o IOLD (Output CCB Address and Range)
o IO (Output CCB Control — format 1)
Thereafter, throughout execution of the application, the main memory program is
responsible for supplying CCBs as needed, for the CCB list of each channel being
used.

3. Loading Adapter Line Registers

The line registers of each adapter are loaded next. This action is performed by the
appropriate CCP, and the main memory program must issue an I0 (Output Chan-
nel Control — start input/output) instruction to start the CCP. Startup procedures
are unique to the individual line adapter. This loading is accomplished by a sep-
arate OUT (Output) instruction for each line register to be loaded.

Line register 6 (character configuration) is loaded from LCT byte 2 or from LCT
byte 34. Line register 6 is shared by both channels of one line.

Line register 4 (line speed or synchronization/transmit-fill character) can be
loaded from a byte in the programming work area of a line control table. Line
register 4 may have a different function depending upon the type of adapter used.
For asynchronous line adapters, each register 4 must be loaded with a value
indicating the speed at which each channel of the line will operate. For synch-
ronous line adapters, a synchronization character must be loaded into line register 4

3Prior to this step, you may wish to have a main memory program issue a separate 10 (Input Device Identification
Number) instruction for each channel to be used; for each channel specified, this action returns an identification
number that indicates what type of adapter is in use.

4For the DLCP and MLCP, it may be preferable to use a block mode write, also described in Section 7, as an alter-
native to the MLCP Loader, available only with the MLCP. A block mode write can be used, for instance, when
you wish to initialize and set up only a subset of the Processor’s channels, while previously initiated communica-
tions processing continues concurrently over other channels.

S Ibid,
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for the receive channel (for both MLCP and DLCP). For the MLCP only, a trans-
mit fill character must be loaded into line register 4 for the transmit channel.
Line register 2 (data set and adapter control) is loaded last from LCT byte 20.
Line register 2 is shared by both channels of one line.

Once line register 2 is loaded, the adapter will be enabled to generate channel
request interrupts if the transmit on bit of line register 2 is set, according to the
configuration of the adapter and the data communications equipment.'The CCP
should execute a WAIT (Wait) instruction at this point. In the CCP, the WAIT
instruction is followed by a data character processing loop, which usually ter- -
minates in a branch back to the WAIT. The CCP startup coding precedmg the
WAIT is normally executed only the first time the CCP is started.

4., Receiving Data

A channel request interrupt from the adapter to the Processor 1ndlcates that an
'mput (receive) data character is available in a receive channel’s line register 1 of
the adapter. The Processor performs a context restore for the channel (preparing
the appropriate CCP for execution). The CCP is turned on at the instruction just
after the previous WAIT (Wait) instruction executed by this CCP; the CCP uses
an RECV (Receive) instruction to load the Processor’s R-register with the data
character from line register 1. The CCP edits and manipulates the data character
in the R-register as required by the application. The CCP then transfers the data
character from the R-register to the CDB by means of an ST (Store) instruction.
The CCP then branches back to the WAIT (Wait Instruction).

This is the basic CCP receive processing loop for each data character of a com-
munications message. The loop can also contain branch and/or TLU (Table
Look-Up) instructions for other checks relative to the data character. A CCP
subroutine could also be used. :

5. Transmitting Data

The adapter issues a channel request interrupt to the Processor, indicating that it
is ready to accept a data character for transmission. The CCP is turned on after
the context restore; the CCP then either loads a data character into the
Processor’s R-register or uses the character reloaded into the R-register during the
context restore.

Next, the CCP can edit and manipulate the data character as required before
transferring it to the transmit channel’s line register 1 of the adapter by means of
a SEND (Send) instruction. The data character is then automatically transmitted
from the adapter. '

If desired, after issuing the SEND instruction, the CCP can immediately issue a
WAIT instruction; in this case, when the CCP is next activated, it will have to load
the R-register with the data character to be transmitted next (editing and manip-
ulating it as necessary) before issuing a SEND and a WAIT instruction. Alterna-
tively, after issuing the SEND instruction, the CCP can load the R-register with
the data character to be transmitted next (editing and manipulating it as neces-
sary) before issuing the WAIT instruction; in this case, the data character will be
reloaded into the R-register during the context restore that accompanies reacti-
vation of the CCP, and the SEND can be done immediately.
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6. End of CDB Processing

The relationship between physical CDBs and logical communications messages
is completely under programmer control.

In receive mode, when the CCP executes an ST (Store) instruction for the last
character in a CDB, the range in the CCB decreases to zero and the LC (Last
Character) indicator is set to 1. To check for the end of receive data before a
CDB becomes full, the CCP can search for a specific control character in the input
data stream; the CCP can use a TLU or a C (Compare) instruction to check for
this condition. Whenever processing ends relative to a CDB, the CCP can obtain
the next CDB by issuing a GNB (Get Next Block) instruction.
In transmit mode, termination of CDB processing normally occurs when CCB
range decreases to zero and the LC (Last Character) indicator is set. In some cases,
earlier termination may be necessary because of some other condition discovered
by the CCP. In any case, to continue transmission with another CDB and CCB,
the CCP must issue a GNB (Get Next Block) instruction.

7. End of Logical Message Processing
As mentioned above, the relationship between physical CDBs and logical com-
munications messages is completely under programmer control.

If a logical communications message uses only one CDB, processing for that CDB
is basically as described in step 6; however, instead of the CCP routinely proceed-
ing from one CDB to another (as in step 6), CDB processing should continue as
required by the application.

If logical communications messages comprise more than one CDB, individual
messages may use either a variable or fixed number of CDBs. In any case, the last
CDB in a message can be identified to the CCP if the main memory program has
set the LB (Last Block) indicator in the CCB control byte. The last block indi-
cator can be set by an 10 (Output CCB Control) instruction from the main mem-
ory program. In receive mode, the last CDB can be indicated by a control char-
acter in the incoming data stream. Alternatively, the CCB valid indicator can be
tested by the CCP (refer to Appendix A).
8 End of Channel or Line Usage

When processing relative to a channel or line is finished, you can indicate this fact
to the adapter by resetting to O the “receive on” and/or the “transmit on” bit in
line register 2 of the adapter.

Subsequently, communications processing could be resumed over the channel or
line by (as a minimum) reloading line register 2 with appropriate values. A more
extensive restart would involve initializing the channel by means of an IO (Output
Channel Control — channel initialize) instruction, performing one or more block
mode write operations to set up the LCT and CCP, and then reloading the appro-
priate adapter line registers from the new CCP.
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Section 2

Main Memory Program

The main memory program has the following responsibilities:

o Control of the Processor (MLCP/DLCP) by means of input/output instructions
issued to it,

Control of communications data blocks (CDBs),

Control of communications control blocks (CCBs),

Control of channel control programs (CCPs), and

Detection of errors and status changes related to data communications equipment
and data terminal equipment.

[e XN elNeRNe]

(All terms related to CCBs are defined at the beginning of Section 3.)

SUMMARY OF MAIN MEMORY PROGRAM INPUT/OUTPUT
INSTRUCTIONS RELATED TO PROCESSOR

Table 2-1 provides a summary description of the input/output instructions available
to the main memory program for controlling the Processor. These input/output
instructions appear in alphabetic order in Table 2-1. They are described in greater
detail later in this section.

TABLE 2-1. SUMMARY OF MAIN MEMORY PROGRAM INPUT/OUTPUT
INSTRUCTIONS RELATED TO PROCESSOR

Function
Instruction Code Description

I0 (Input CCB Range) ocC Transfers, to the main memory pro-
gram, the two range bytes of the
“status” CCB.

10 (Input CCB Status) 18 Transfers, to the main memory pro-
gram, the two status bytes of the
“status” CCB.

10 (Input Data Set Status) 1C Transfers, to the main memory pro-
gram, the contents of the line adapter
line register 5 for a specified Processor
channel.

10 (Input Device Identification Number) 26 Transfers, to the main memory pro-
gram, the identification number that
indicates the type of adapter asso-
ciated with a specified Processor
channel. For MLCP only, if response is
2178, issue function code 08 (see
below).
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TABLE 2-1 (cont.) SUMMARY OF MAIN MEMORY PROGRAM INPUT/OUTPUT
INSTRUCTIONS RELATED TO PROCESSOR

Instruction

Function
Code

Description

10 (Input Extended Device
Identification Number)

10 (Input LCT Byte)

10 (Input Next CCB Status)

IOLD (Output CCB Address
and Range)

I0 (Output CCB Control)

10 (Output Channel Control)

08

1E

1A

09

OF

05

Transfers, to the main memory pro-
gram, the identification number that
indicates the type of adapter asso-
ciated with a specified Processor
channel. For MLCP, issued when
response to Input Device Identifica-
tion Number (code 26) is 2178;.
If used with DLCP, response is the
same as that of function code 26,
above. :
Transfers, to the main memory pro-
gram, the LCT byte addressed by the
contents of LCT byte 55 for a speci-
fied Processor channel, which must be
preloaded by the Output LCT Byte
instruction.
Moves the “status” CCB pointer to the
following CCB in the CCB list; trans-
fers the two status bytes of that CCB
(which is now the ‘“status” CCB) to
the main memory program.

Transfers, to the ‘“load” CCB, the
starting address and range of a CDB in
main memory.

Format 1:

Transfers control information from
the main memory program to the
control byte of the ‘“‘current” CCB.
Moves the “load” CCB pointer to the
following CCB in the CCB list.

Format 2:

Transfers, to the “current” CCB, the
starting Processor RAM address for
“block mode” input/output. Moves
the “load” CCB pointer to the follow-
ing CCB in the CCB list.

Causes the Processor to perform one
of the following actions:

o Channel initialization

o Start or stop input/output

o Start “block mode read” or “block

mode write”

MAIN MEMORY PROGRAM
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TABLE 2-1 (cont.) SUMMARY OF MAIN MEMORY PROGRAM INPUT/OUTPUT
INSTRUCTIONS RELATED TO PROCESSOR

Function
Instruction Code Description
10 (Output Interrupt Control) 03 Transfers, to the LCT for a specified

Processor channel, the return channel
number and interrupt level to be used
during interrupts from that channel.
I0 (Output LCT Byte) 0B Transfers one byte from the main
memory program to a specified byte in
a specified LCT.

10 (Output MLCP/DLCP Control) 01 Causes initialization of the Processor.

CONTROL OF COMMUNICATIONS DATA BLOCKS

The main memory program has total responsibility for the control of CDBs. This
responsibility includes (1) supplying new CDBs, as needed, for use in communications
data transfers and (2) servicing CDBs afrer they have been used for communications
data transfers. Since communications data transfers to and from main memory are con-
trolled by a fixed number of reusable communications control blocks (CCBs), the main
memory program must know the completion status of CCBs in order to coordinate its
control of CDBs. If desired, the main memory program can arrange for the Processor to
generate an interrupt as soon as a CCB is marked completed; this technique is described
in Section 6. Alternatively, the main memory program can perform its own checking of
CCB completion status; the format of the two CCB status bytes is described in
Section 3.

CONTROL OF COMMUNICATIONS CONTROL BLOCKS

The main memory program completely controls additions to and deletions from the
list of CCBs available to each channel of the Processor. This control is achieved by use
of the Processor-related input/output instructions described in this section.

CONTROL OF CHANNEL CONTROL PROGRAMS

The main memory program is responsible for loading and starting CCPs. The main
memory program can load CCPs by use of the Honeywell-provided MLCP Loader
or it can use one or more “block mode writes” for this purpose; both techniques
are described in Section 7. The main memory program starts initial execution of each
CCP by issuing an IO (Output Channel Control) instruction.

DETECTION OF ERRORS AND STATUS CHANGES RELATED TO DATA
COMMUNICATIONS EQUIPMENT AND DATA TERMINAL EQUIPMENT

The main memory program can detect and respond to errors and status changes
related to data communications equipment and data terminal equipment. Relevant
information is available in the two status bytes of a CCB and in line register 5 of a
line adapter. Most of this information is also available to CCPs, allowing them to
detect and respond to errors and status changes, if desired.

Note that if a CCP is designed to perform extensive responses to errors and status
changes, its execution time will be increased accordingly. (This increase in execution
time may be perfectly acceptable in some applications — e.g., those using low-speed
communications lines.)
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One approach to detecting and responding to errors and status changes related to

data communications equipment and data terminal equipment would be to have the

main memory program and the CCP share this responsibility. The CCP could be
designed to react to errors and status changes as individual characters in a data stream
are processed ; the main memory program could be designed to react to these errors and
status changes as they affect an entire CDB.

At any rate, the designer of a communications application must decide how much
handling of errors and status changes will be performed by the main memory program
and how much (if any) will be performed by CCPs. Section 6 and Appendix A provide
more information on detecting errors and status changes related to data communica-
tions equipment and data terminal equipment.

DETAILED DESCRIPTION OF MAIN MEMORY PROGRAM
INPUT/OUTPUT INSTRUCTIONS RELATED TO PROCESSOR

The following subsections describe the input/output instructions usable in a main
memory progam interfacing with a Processor. See the appropriate Assembly Language
manual for details about coding these and other instructions used in the main memory
program.

All but one of these input/output instructions are IO instructions. (The other one is
an IOLD instruction.) The format of these 10 instructions is shown below.

10 ML,CF
ML
An address expression identifying a memory location or register to which or
from which information is to be transferred. '

CF ,
An address expression identifying a memory location or register that contains a
channel number and a function code. The format of this information is shown
below.

0 9 10 15
Channel Number FC ]

The channel number comprises two parts: bits O through 5 contain the six bits of
the fixed (switch-selectable) channel number for the Megabus or Model 6/23 bus;
bits 6 through 9 identify one of the communications channels of the Processor.
(The designated communications channel must be serviced by an adapter.)!

FC indicates the function code, which specifies the exact input/output operation
to be performed. An odd function code signifies an oufput instruction; the
contents of ML will be transferred to the Processor. An even function code
signifies an input instruction; data will be transferred from the Processor to ML.

The format of the IOLD instruction is shown under “IOLD (Output CCB Address
and Range) Instruction,’ later in this section.

Input/output instructions to the Processor are generally executed immediately with-
out causing a NAK. However, you may wish to code a BIOF (Branch if Input/Output
Indicator False) instruction after the first input/output instruction following an IO
(Output MLCP/DLCP Control) instruction; see Appendix A. (A NAK will occur if the
Processor cannot honor the input/output instruction because Processor initialization
is still in progress.)

! As previously noted, the DLCP may have a total of 4 chanrels; the MLCP, 16.
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10 (Input CCB Range) Instruction

_ This instruction (function code: OC) transfers, to ML, the two range bytes in the
CCB at the top of the CCB list for the Processor channel specified in CF. As shown
below, the range byte from CCB byte 4 is transferred to the left byte of ML and the
range byte from CCB byte 3 is transferred to the right byte of ML.

0 78 15
ML [47 CCB Byte 4 CCB Byte 3

MSB LSB

10 (Input CCB Status) Instruction

This instruction (function code: 18) transfers, to ML, the two status bytes in the
CCB at the top of the CCB list for the Processor channel specified in CF. As shown
below, for the MLCP the status byte from CCB byte 7 is transferred to the left byte of
ML and the status byte from CCB byte 6 is transferred to the right byte of ML. For the
DLCP, the status byte from CCB byte 7 is transferred to the right byte of ML, and the
status byte from CCB byte 6 is transferred to the left byte of ML.

MLCP: DLCP:
0 78 15 0 78. 15
ML CCB Byte 7 | CCB Byte 6 | M. | CcBByte6 | CCB Byte?7
Status Byte 1  Status Byte 2 Status Byte 1  Status Byte 2

The CCB status bytes will contain zero if the CCB has not yet been marked as
completed.

CAUTION:

Input CCP Status does not advance the CCB status pointer. When a status incom-
plete is detected, after an Input Next CCB Status, then an Input CCB Status
would be issued to detect the status complete bit. This technique is used for non-
CPU interrupt mode where the main memory program is waiting for CCP
completion.

IO (Input Data Set Status) Instruction

This instruction (function code: 1C) causes a direct transfer, to ML, of the contents
of the adapter line register 5 for the Processor channel specified in CF. The format
of the word transferred to ML is shown below.

0 78 15
ML Line Register 50 0 000000

The contents of line register 5. vary according to the type of adapter; refer to the
appropriate appendix.

10 (Input Device Identification Number) Instruction
This instruction (function code: 26) transfers, to ML, an identification number that
indicates the type of adapter that services the Processor channel specified in CF. The

device identification numbers for the adapters are given in the appendixes of this
manual.
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10 (Input LCT Byte) Instruction - v

This instruction (function code: IE) transfers, to ML, the LCT byte addressed by
the contents of LCT byte 55. The contents of LCT byte 55 are loaded by the Output
LCT Byte instruction (function code: 0B) or by a Block Mode Write. Refer to Section
5 for an additional definition of LCT byte 55. The contents of the LCT byte addressed
by the contents of LCT byte 55 are delivered to main memory as follows.

0 78 15

Byte RFU

I0 (Input Next CCB Status) Instruction

This instruction (function code: 1A) causes the ‘“status” CCB pointer to be moved
to the following CCB in the CCB list for the Processor channel specified in CF. The
two status bytes of that CCB (which is now at the top of the CCB list) are then trans-
ferred to ML. As shown below, for the MLCP, the status byte from CCB byte 7 is trans-
ferred to the left byte of ML and the status byte from CCB byte 6 is transferred to the
right byte of ML. For the DLCP, the status byte from CCB byte 7 is transferred to the right
byte of ML and the status byte from CCB byte 6 is transferred to the left byte of ML.

MLCP: DLCP:

0 . 78 15 0 78 15
ML CCB Byte 7 CCB Byte 6 ML CCB Byte 6 CCB Byte 7

Status Byte 1  Status Byte 2 Status Byte 1  Status Byte 2

The CCB status bytes will contain zero if the CCB has not yet been marked as com-
pleted. If the CCB status is zero, then only the Input CCB Status instruction can be

used if waiting for completion. If an Input Next CCB Status instruction is issued, then.

the CCB pointer will move to the next CCB and the previous status will be lost. If the
CCB does not complete, the LCT status bytes 16/48 and 17/49 should be read by
using the Input LCT Byte instruction. A decision based on the LCT status can then be
made.

In the CCB list, the CCB that was formerly at the top (before this instruction was
executed) is now available for re-use.

Note that the 10 (Input Next CCB Status) instruction must be used the first time
status is obtained from a CCB list. This use of the instruction moves the “‘status” CCB
pointer to CCB 1, which is the first CCB used after the CCB list is initialized (as
described in Section 3).

Under certain circumstances, an attempt to execute an IO (Input Next CCB Status)
instruction will cause the Processor to issue a NAK; see ‘““Conditions Under Which
Processor Will Issue a NAK” in Appendix A.

10 (Input Extended Identification Number) Instruction

This instruction (function code: 08) transfers, to the main memory program, the
identification number that indicates the type of adapter associated with a specified
Processor channel. For the MLCP, it is issued when response to Input Device Identifi-
cation Number (function code: 26) is 21781¢gand for the DLCP, the function is the
same as Input Device Identification Number (function code: 26). When this command
(Input Extended Identification Number) is issued, the Processor will return the
contents of the line register 0 of the adapter, which is designated to hold an extended
ID number for certain adapters.
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The format is as follows.

0 78 15

Extended ID RFU

IOLD (Output CCB Address and Range) Instruction

This instruction (function code: 09) transfers, from the ““address” and ‘‘range” (see
format below) the starting address and range of a CCB. For the MLCP, the starting
address is the starting byte address and the range in bytes. For the DLCP, the starting
address is the starting word address and the range in bytes. The transfer is made to the
“load” CCB in the CCB list for the Processor channel specified in CF.

This is an IOLD instruction, the format of which is shown below.

IOLD address,Cf,range

address

An address expression identifying a memory location or register (the latter for use
of the indirect addressing technique) that indicates the starting byte (MLCP) or
word (DLCP) address of the CCB in main memory.

CF

An address expression identifying a memory location or register that contains a
channel number and a function code. The format of CF is the same as that
described under CF for an IO instruction, earlier in this section.

range

An address expression identifying a memory location or register that indicates the
number of bytes in the CDB. The range must be an integer from 1 to 32,767.

The starting address of the CDB is stored in bytes 0, 1, and 2 of the ‘“load” CCB.
The least significant bits of the address are stored in byte O for the MLCP and in byte 1
for the DLCP. The range for the CDB is stored in bytes 3 and 4 of the “load”” CCB.
The least significant bits of the range are stored in byte 3 for the MLCP and in byte 4
for the DLCP.

Under certain circumstances, an attempt to execute an IOLD (Output CCB address
and Range) instruction will cause the Processor to issue a NAK ; see “Conditions Under
Which the Processor will Issue a NAK” in Appendix A.

NOTE: To obtain a byte-specific address, the following technique could be used
for the DLCP:

IOLD $R4.R3

where R3 contains a one-byte offset to the word address contained in R4. This

action results in the setting of the byte address indicator in CCB byte 2 to the
value 1.

10 (Output CCB Control) Instruction
This instruction (function code: OF) is used for either of two purposes:

1. It transfers, from the right byte of ML, a control byte to byte 5 of a CCB, reset-
ting bytes 6 and 7 (the status bytes) of the CCB to zero.

2. It transfers, from ML, a RAM address (where a “block mode read” or a “block
mode write” will begin) to bytes 5 and 6 of a CCB, resetting byte 7 to zero.
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In both cases, execution of this instruction completes CCB setup initiated by an IOLD
(Output CCB Address and Range) instruction and moves the “load” CCB pointer to
the following CCB in the CCB list. ' '

If a control byte is to be transferred to byte 5 of a CCB, ML must be formatted as
shown below. '

0 78 ' 15
ML 000000G 0| Control Byte

The bits in the control byte have the following significance:

~Bit 8—interrupt control
0 - No action. :
1 -Interrupt the main memory program when this CCB is marked as completed.
(The interrupt will occur at the interrupt level assigned to the related channel.)
Bit 9—*‘valid”” CCB
0 - Firmware sets this bit to zero when this CCB has been marked as completed
and is therefore no longer “valid” (i.e., usable as an “active’’ CCB).
1 -This CCB is ‘‘valid” (i.e., usable as an “active” CCB). This bit must be set to 1
to complete setup of the CCB. .
Bit 10—last CDB
0 -No action.
1 -This CCB pertains to the last CDB in a message. If this bit is set to 1, it serves
as a flag that can be used by the CCP for special processing of the last CDB in
a message. The Processor’s LB-indicator will be set to 1 when this CCB is
“active.”
Bits 11 through 15—must be zero

If a RAM address is to be transferred to bytes 5 and 6 of a CCB, ML must be
formatted as shown below.

0 34 15
ML [0 00 o[ RAM Address

The right byte of this word is transferred to CCB byte 5; the left byte is transferred to
CCB byte 6. The 12-bit RAM address indicates the RAM byte at which the “block
mode read” or “‘block mode write’” will begin.

10 (Output Channel Control) Instruction

This instruction (function code: 05) transfers a control word from ML to the Proc-
essor. Each execution of this instruction affects only one channel. Only one bit in the
control word can be set to 1.

The operations achieved by the bits of the control word (if set to 1) are summarized
below. ’

Bit 0—channel initialize

Bit 1—start input/output

Bit 2—stop inout/output

Bit 3—reserved

Bit 4—start ‘“block mode read”
Bit 5—start ‘“block mode write”
Bit 6—reserved

Bit 7—CCB list reset

Bits 8 through 15-reserved
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The following actions are performed by the Processor when it receives a control
word with a bit set to 1.

Bit O—channel initialize

o
o
o}
(o}

o

Resets to zero line register 2 of the adapter.

Halts execution of CCP.

Stops all activity for this channel.

Resets to zero the entire LCT area for this channel (LCT bytes O through 31
for receive channel, LCT bytes 32 through 63 for transmit channel).

Resets CCB list (see bit 7, below, for a description of this operation).

Bit 1-—start input/output

o

(o)

‘Starts input/output. Start I/O causes the CCP to begin execution. The starting

address of the CCP is contained in LCT bytes 6 and 7 for receive, and LCT
bytes 38 and 39 for transmit. The main memory program must have pre-
viously set these locations to the CCP starting address at least once during the
program.

Starts execution of the CCP. If the CCP is already running and a Start I/O is
issued, a loss of data characters may result.

Bit 2—stop input/output

(6]

(o)

(o)

Resets to zero “‘receive on’ (bit 6) or “transmit on” (bit 7) in line register 2
of the adapter. This action prevents subsequent data-generated channel
request interrupts.

Resets to zero “receive on’ (bit 6) or “transmit on’ (bit 7) in the LCT byte
20 copy of LR2.

Halts execution of CCP.

Resets to zero the LCT status bytes (LCT bytes 16 and 17 for receive channel,
LCT bytes 48 and 49 for transmit channel)—after they have been transferred
to the appropriate CCB.

Terminates ‘“‘active”® CCB (with ‘“meaningful’® status information) and stops
CCB list processing.

Inhibits interrupts to the main memory program (but does not change chan-
nel’s interrupt level).

Stops all activity for this channel.

Bit 4—start “block mode read”
This operation is used to read any portion of the Processor RAM. A receive (even-
numbered) channel must be designated in CF when this operation is performed.

(o}

Uses the CCB next in line to be “‘active” to read a block of consecutive RAM
locations into the main memory program. (Details appear in Appendix A.)
When the read is completed (CCB range equals zero), the CCB will be marked
as completed (with “‘meaningful” status information). The main memory
program will be interrupted at the interrupt level of the receive channel used
for the block mode read (unless this channel’s interrupt level is zero).

Bit 5—start “block mode write”

This operation is used to write a block of consecutive RAM locations. It is a con-
venient way to write the LCT area and the CCP area of the addressed Processor
channel.

IMPORTANT: A block mode write should not be used to write into LCT areas other

than the currently addressed channel when any other channels may
be active. In the addressed channel, care should be taken not to over-
write reserved firmware areas (see Section 5). In addition, care should

be taken when other channels are active not to write into their active
LCT, CCB area.
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A transmit (odd-numbered) channel must be designated in CF when this
operation is performed. Note that the LCT bytes for the Processor channel
used for a block mode write cannot themselves be written into at this time

because these bytes are used by the firmware during the course of this opera-

tion. Also, any firmware-reserved LCT bytes written into during a block
mode write must be written with zeros (MLCP only).

o Uses the CCB next in line to be “active” to write a block of consecutive RAM
locations from the main memory program. (Details appear in Section 7.)
When the write is completed (CCB range equals zero), the CCB will be marked

~as completed (with “meaningful” status information). The main memory pro-
gram will be interrupted at the interrupt level of the transmit channel used for
the block mode write (unless this channel’s interrupt level is zero).

Bit 6—reserved

Bit 7—CCB list reset :

o Resets the channel’s CCB pointers to their initialized state (i.e., the “status”
CCB pointer is set to point to CCB 0 of the CCB list and the ‘load” CCB
pointer and ‘“‘active’” CCB pointer are set to point to CCB 1 of the CCB list).

o Resets the control byte of each of the four CCBs of the channel. This action
resets the “‘valid” bits.

10 (Output Interrupt Control) Instruction

This instruction (function code: 03) transfers, from ML, a return channel number
(the central processor’s channel number) and an interrupt level to be used during
interrupts from the Processor channel specified in CF. For a receive channel, the left
byte of ML is transferred to LCT byte 12 and the right byte is transferred to LCT byte
13. For a transmit channel, the left byte of ML is transferred to LCT byte 44 and the
right byte is transferred to LCT byte 45.

The format of ML is shown below.

0 910 15
ML Return Channel Interrupt
Number Level

10 (Output LCT Byte) Instruction

This instruction (function code: OB) transfers, from ML, a byte of information to a
specific LCT byte address. Bits O through 8 of the Processor channel number specified
in CF establish the LCT to which the information is transferred; bit 9 of CF is not
meaningful in this case because one LCT applies to both channels of a line. (The base
from which “LCT address” is an offset is byte 0 of the LCT that applies to the line
indicated by bits O through 8 of CF.)

The format of ML is shown below.

0 . 78910 15

LCT
New LCT Byte |0 O Address

ML

New LCT byte indicates an 8-bit value to be transferred to the LCT address indi-
cated in bits 10 through 15.

LCT address is relative to byte 0 of the LCT for the line indicated by bits O through
8 of CF. The six bits of the LCT address permit any of the 64 LCT bytes to be
designated.
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10 (Output MLCP/DLCP Control) Instruction

This instruction (function code: 01) transfers, from ML, a control word to the Proc-
essor. All Processor channels are affected by this control word. Any channel can be
specified in CF, provided that channel is serviced by an adapter.

The format of ML is shown below.

01 15
ML ﬁﬁooooooooooooooj

If 7 is set to 1, MLCP initialization will be performed; otherwise, no action is taken.
DLCP initialization will occur unconditionally (i.e., the value of / may be 1 or 0).
Initialization comprises the following actions:

The Processor executes its basic logic test.

o Each line register 2 of each adapter is reset to zero; channel request interrupts are
thus inhibited.

o All of RAM is reset to zero.

o LCT byte 1 of channel 0 contains the hexadecimal number of the firmware
revision. "

o All channels are initialized. (This operation is described under the “IO (Output
Channel Control) Instruction,” earlier in this section.)

o The Processor is placed in a quiescent state; no interrupts or data transfers can

occur.

o

Soft Initialize
The pressing of the Clear (CLR) push button on the central processor control panel
causes the Processor to perform a “‘soft initialize” which does the following:

Clears the adapters.

Clears LCT bytes 8, 9, 40 and 41 of each channel.
Clears the Processor internal registers.

Runs the basic logic test (BLT)

© O 0o0Oo

The soft initialize differs from the hard initialize caused by the command Output
Processor Control (code: 01) in that the hard initialize, in addition to performing the
soft initialize functions defined above, also clears the RAM.

When in a software debug mode, it is preferable that the RAM not be cleared so that
meaningful dumps can be taken to indicate the Processor condition.
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Section 3

Communications Control Blocks

Communications control blocks (CCBs) are data structures in the Processor RAM;
they are written from a main memory program and then used by the Processor firm-
ware to control the flow of data between a main memory program and the Processor.
Space for 8 CCBs per line (a total of 64 for the MLCP and 16 for the DLCP) exists at
the high end of the Processor RAM (see Figure 1-3 and Figure 1-4 for the MLCP and
DLCP, respectively). A “list” of four consecutive CCBs is available for each of the
communications channels (16 for the MLCP, 4 for the DLCP). The CCB list pertaining
to channel O begins at the low memory end of the CCB area; the remaining CCB lists
are arranged by ascending order of channel number toward high RAM. Refer to
Appendix A for a tabular representation.

Each CCB is used to contain address and range information that describes a com-
munications data block (CDB) in the main memory program. In addition, a CCB
must be written with control information from the main memory program before the
CDB can be used in a data transfer. Finally, when a data transfer to or from a CDB is
complete, the related CCB is updated with status information. Some of this status
information is obtained from the line control table (LCT) associated with the com-
munications channel to which the CCB pertains.

Note the definitions of the following terms, which are used throughout this section:

o “Valid” CCB — A CCB that has been set up by an IOLD (Output CCB Address
and Range) instruction and an IO (Output CCB Control) instruction and is usable
(or in use) as an ‘““‘active” CCB. As many as four CCBs in a list can be “valid”
at any point in time.

o “Active” CCB — The CCB (in its list) that is actively in use by firmware to con-
trol a data transfer to or from the related CDB. Only one CCB in a list can be
“active” at any point in time.

0 ““Current” CCB — The CCB (in its list) that was most recently written by an IOLD
(Output CCB Address and Range) instruction. This CCB is at the logical bottom
of its CCB list.

o0 “Load” CCB — The CCB (in its list) that will be written by the next IOLD (Out-
put CCB Address and Range) instruction.!

o “Status” CCB — The CCB at the logical top of its CCB list. This is the CCB whose
status was delivered to the main memory program by the most recent 10 (Input
Next CCB Status) instruction for this CCB list.

o “Load” CCB pointer — This pointer indicates the ‘“load” CCB. This pointer is
moved from the “current” CCB to the following CCB by an 10 (Output CCB
Control) instruction, which at the same time completes setup of the ‘“current”
CCB, thus making it ‘“‘valid.”

o “Active” CCB pointer — This pointer indicates the “‘active’” CCB. This pointer is
moved from the “active’ CCB to the following CCB (which then becomes the
“active’ CCB) by execution of a GNB (Get Next Block) instruction in the channel
control program (CCP).

'Note that during the interval between execution of an IOLD (Output CCB Address and Range) instruction and
execution of an 10 (Output CCB Control) instruction, the “current” CCB and the “load” CCB are the same one,
Thus, if a second IOLD (Output CCB Address and Range) instruction is issued defore an 10 (Qutput CCB Control)
instruction is issued, the address field and the range field of the ‘“current™-“load” CCB will be overwritten.
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o “Status’ CCB pointer — This pointer indicates the “‘status” CCB. This pointer is
moved from the “status” CCB to the following CCB (which then becomes the
“status” CCB) by an IO (Input Next CCB Status) instruction.

o CCB list — A CCB list of four .consecutive CCBs exists in upper RAM for each of
the Processor communications channels. Each CCB comprises eight bytes; each
CCB list comprises 32 bytes. The CCB list for channel 0 begins at the bottom of
the CCB area; the remaining CCB lists are arranged by ascending order of channel
number toward high RAM.

The programming interface to the CCB list is achieved by means of input/output
instructions in the main memory program. These instructions were described
previously in Section 2.

A CCB list is in its “initialized” state (i.e., the “status’ CCB pointer is set to point
to CCB 0 of the CCB list and the “load” CCB pointer and “‘active” CCB pointer
are set to point to CCB | of the CCB list) immediately after one of the following
instructions is executed:

— [0 (Output MLCP/DLCP Control)

— 10 (Output Channel Control — channel initialize)

— IO (Output Channel Control — CCB list reset)

Execution of the first instruction above initializes all CCB lists in the RAM; it
also resets all of RAM (including all CCB lists) to zero. Execution of either of the
other two instructions initializes the CCB list for only one channel. (Note that a
CCB list is not in its initialized state if, during processing, it becomes empty
because all its CCBs have been used and marked as completed and no other CCB
has been written.)

The physical format of a CCB list is shown below.

CCBO 8 bytés
CCB 1 8 bytes (used first)
CCB 2 8 bytes
CCB 3 8 bytes

The physical CCBs in each list are used in ‘‘circular” fashion. That is, when a
CCB list is first used after being initialized, CCB 1 is written first, CCB 2 is written
second, CCB 3 is written third, and CCB 0 is written fourth. (The CCBs will be
obtained by the CCP in this same order.) As CCBs are re-used, the same circular
order is maintained; CCB 1 is written fifth, CCB 2 is written sixth, and so on.

The CCB list has a logical top and bottom. The CCB at the top of the list is the
CCB whose status was delivered to the main memory program by the most recent
IO (Input Next CCB Status) instruction; this CCB is known as the “status’ CCB.
The CCB at the bottom of the-list is the CCB that was most recently written by
an IOLD (Output CCB Address and Range) instruction; this CCB is known as
the “current”” CCB. (Refer to the discussion in Section 2 of these commands.)

The CCB list is processed dynamically. As a CCB at the logical top of the list
(e.g., CCB 2) is marked as completed, the main memory program can obtain its
status information; then the main memory program can move the “status’ CCB
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pointer to the following CCB (CCB 3) by use of an I0 (Input Next CCB Status)
instruction. The CCB formerly at the top of the list (CCB 2) is now available for
re-use. Similarly, as each CCB is written, a new logical bottom is established for
the list. CCB list processing continues with “deletions” from the logical top of the
list and ‘“‘additions” to the logical bottom of the list, according to the require-
ments of the communications application.

The 10 (Input CCB Status) and IO (Input CCB Range) instructions always obtain
information from the “status” CCB, at the top of the CCB list. Typically, this
CCB is either still active or it is marked as completed, with some action pending
for its status or range information. The IO (Input Next CCB Status) instruction —
as mentioned above — causes the “status” CCB pointer to be moved from the
CCB at the top of the list to the following CCB. ’

Typically, the IO (Output Channel Control — start input/output) instruction is
used to initiate processing with the CCB next in line to be active. Note that this
instruction can be executed before this CCB becomes the “status” CCB.

The IOLD (Output CCB Address and Range) instruction establishes a new logical
bottom of the CCB list. The new logical bottom is the physical CCB one beyond
the previous logical bottom of the list (using the circular order described above).
The 10 (Output CCB Control) instruction refers to the CCB at the logical bottom
of the list; this instruction writes the control field in the CCB, completing setup
of that CCB, and moves the “load” CCB pointer to the following CCB in the list.

CCB list setup may continue until four CCBs have been set up. At this point, an
10 (Input Next CCB Status) instruction must be issued before another CCB can
be set up.

CCB list processing can be started or stopped by use of the IO (Output Channel
Control) instruction. Setting bit 1 (start input/output) in the control word used
with this instruction starts CCB list processing; setting bit 2 (stop input/output)
in this control word stops CCB list processing. When CCB list processing is
stopped in this manner, two status bytes in the “active’ CCB are updated; the
status complete bit for this CCB is set to 1. If CCB list processing is stopped and
then restarted by use of 10 (Output Channel Control) instructions, the CCB next
in line to become active will be used.

The CCB area of RAM is accessible, if desired, through a block mode read opera-
tion. See Appendix A. -

CCB FORMAT

Figures 3-1 and 3-2 show the format of a CCB used to control a communications
data transfer for the MLCP and DLCP, respectively. The fields of the CCB are des-
cribed in the following subsections.

A specially formatted CCB is used to control a block mode input/output operation
from/to the Processor RAM. For more information about this ‘“special” type of CCB,
see “Format of CCB for Block Mode Write” and ““CCB Status Field After Block Mode
Write” in Section 7.

CCB Address Field

MLCP

The address field occupies bytes 0, 1, and 2 of the CCB. This field is written from
the main memory program by an IOLD (Output CCB Address and Range) instruction.
When first written, the address field contains the starting byte address of a CDB in the

main memory program; the low-order end of the starting byte address is contained in
byte O of the CCB.
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CONTROL BLOCKS 3-3 ATO97



ccB

1=RIGHTMOST BYTE
SEE SECTION 2 UNDER I0LD FOR PROGRAMING
INFORMATION RELATIVE TO THE SETTING OF THIS

BYTE 0 7
0 LEAST SIGNIFICANT BITS
" MAIN MEMORY
1 BYTE ADDRESS
FIELD
2 MOST SIGNIFICANT BITS '
3 LEAST SIGNIFICANT BITS
‘ : RANGE FIELD
4 MOST SIGNIFICANT BITS
5 } CONTROL FIELD
6 STATUSBYTE 2
STATUS FIELD
7 STATUS BYTE 1 '
Figure 3-1. Format of a CCB for MLCP
cce
BYTE O 7
0 HIGH-ORDER BITS MAIN MEMORY
BYTE ADDRESS
1 LOW-ORDER BITS FIELD
MOST SIGNIFICANT
2 « | FIRMWARE USE ONLY A B } BITS (A IS MOST
SIGNIFICANT)
3 MOST SIGNIFICANT BITS
RANGE-FIELD
4 LEAST SIGNIFICANT BITS
5 } CONTROL FIELD
6 STATUS BYTE 1
STATUS FIELD
7 STATUS BYTE 2
*BYTE ADDRESS
0=WHOLE WORD

THIS BIT.,
Figure 3-2. Fermat of a CCB for DLCP
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The contents of the address field are increased as data characters are physically
transferred between the CDB and the MLCP based on the CCP’s execution of format 1
LD (Load) or ST (Store) instructions.

The address field value is increased by / each time execution of a format 1 LD
(Load) or ST (Store) instruction causes one data character to be physically transferred
between the CDB and the MLCP. This case applies only upon execution of the first (or
last) LD or ST instruction pertaining to a CDB that begins (or ends) at an odd byte
boundary.

The address field value is increased by 2 each time execution of a format 1 LD
(Load) or ST (Store) instruction causes two data characters to be physically transferred
between the CDB and the MLCP. This case applies upon execution of the first of two
LD instructions or upon execution of the second of two ST instructions. (Execution of
the second LD instruction or of the first ST instruction does not cause a physical data
transfer between the CDB and the MLCP; hence the address field value is not increased
as either of these instructions is executed.)

DLCP

The address field occupies bytes 0, 1, and 2 of the CCB. This field is written from
the main memory program by an IOLD (Output CCB Address and Range) instruction.
When first written, the address field contains the starting word address of a CDB in the
main memory program; the low-order end of the starting byte address is contained in
byte 1 of the CCB. Bits 6 and 7 of byte 2 contain the two most significant bits (refer
to Figure 3-2) of the address with bit 6 the high-order bit.

The address field value is increased by one every second time a format 1 LD or ST
instruction is issued, which action causes a word to be physically transferred between
a CDB and the DLCP.

NOTE: The format 1 LD or ST is a byte transfer and therefore two uses are
required to transfer a word.

An exception to this occurs at an odd byte boundary, in which instance the address
field value is increased by one when the first format 1 LD or ST causes the first byte to
be physically transferred between a CDB and the DLCP. (An odd byte boundary would
normally occur only on the very first format 1 LD or ST.)

CCB Range Field

The range field occupies bytes 3 and 4 of the CCB. This field is written from the
main memory program by an IOLD (Output CCB Address and Range) instruction.
When first written, the range field indicates the number of bytes in the CDB. The
low-order end of the range value is contained in byte 3 of the CCB for the MLCP and
in byte 4 for the DLCP.

The contents of the range field are decreased by 1 each time a format 1 LD (Load)
or ST (Store) instruction is executed in the CCP (regardless of whether that instruction
causes a physical data transfer between the CDB and the Processor).

CCB Control Field

The control field occupies byte 5 of the CCB. The control field is written from the
main memory program by an IO (Output CCB Control) instruction. The format and
significance of this field are shown below.

0 1. 2 3 4 5 6 7
IrfvjLtejo o o0 0 O

I —Invalid V — Valid IB — Last Block
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Bit 0 — interrupt control

0 — No action. 7

1 — Interrupt the main memory program when this CCB is marked as completed
(CCB byte 7, bit 3 for MLCP; CCB byte 6 bit 3 for DLCP). The interrupt
will occur at the interrupt level assigned to this channel. If no interrupt level
has been assigned, no interrupt will occur.

Bit 1 — “valid” CCB

0 — This is not a ‘““valid” CCB; it cannot be used as an “active” CCB. This condi-
tion exists before this bit is set to 1 by an 10 (Output CCB Control) instruc-
tion. This bit is reset to 0 by firmware when this CCB is marked as com-
pleted (bit 3 of CCB byte 7 (MLCP), byte 6 (DLCP) after it has been used
during processing of a CDB.

1 — This is a ““valid” CCB; it is usable as an ““active” CCB. This bit must be set to
1 complete setup of the CCB.

Bit 2 — last CDB

0 — No action.

1 — This CCB pertains to the last CDB in a message. Thxs is a flag that can be used
by the CCP for special processing of the last CDB in a message. If this bit is
set to 1, the Processor’s LB-indicator will be set to 1 when this CCB is

- *““active.” The CCP can test the LB-indicator by means of BLBT (Branch if
Last Block True) and BLBF (Branch if Last Block False) instructions.

CCB Status Field

The status field comprises bytes 6 and 7 of the CCB. The CCB status field is reset to
zero as setup of the CCB is completed by execution of an 10 (Output CCB Control)
instruction. Later, as processing ends relative to a CCB, its status field is updated by
firmware and the CCB status complete bit (CCB byte 7, bit 3 for MLCP and byte 6,
bit 3 for DLCP) is set to 1. (Table 3-1 mdlcates the condltlons under which processing
relative to-a CCB can end.)

The CCB status field is updated with information from the two LCT status bytes
combined with other information. The LCT status bytes are bytes 16 and 17 for a
receive channel and bytes 48 and 49 for a transmit channel. Once the status field of the
CCB has been updated, the CCB’s status is said to be “meaningful.”

The status bytes of the ‘‘status” CCB can be read from the main memory program,
whenever appropriate, by an 10 (Input CCB Status) instruction. An IO (Input Next
CCB Status) instruction moves the “status” CCB pointer to the following CCB (which
then becomes the “status” CCB) and reads the status field of this new “status” CCB.

The format of the two bytes of the CCB status field is shown on the following page.
The shaded bit positions are those to which information is passed from the LCT status
bytes. Note that, in the CCB status field, status byte 1 is stored above status byte 2;
this order is the opposite of the order of the status bytes in the LCT.

Status Byte 1
(CCB Byte 7, MLCP) (CCB Byte 6, DLCP)
Bit 0 — interrupt main memory program from CCP
0 — No action.
1 — The main memory program has been mterrupted due to execution of an
INTR instruction in the CCP. -
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CONTROL BLOCKS 3-6 AT97



] 1 2 3 4 5 6 7

RECEIVE
NONZERO
BYTE 6 RESIDUAL DATA SET OR
DATA CORRECTED INVALID MEGABUS UNCORRECTED
CCB STATUS |  RESERVED CHECK RANGE ‘T’?om"s“",x'g“' MEMORY MEMORY PARITY MEMORY
BYTE2 | | ERROR [ Too.Tmm— = -
ERROR TRANSMIT S ANGE | ERROR ADDRESS ERROR ERROR
LAST BLOCK
(SEE NOTE)
INTERRUPT INTERRUPT
BYTE 7 MAIN MAIN DATA ccs ccs FOR FOR
cca sTaTus | MEMORY MEMORY SERVICE STATUS SERVICE PROGRA PROGRA RESERVED
BYTE 1 PROGRAM PROGRAM ERROR COMPLETE ERROR USE USE
FROM CCP FROM CCB

NOTE: For transmit, bit 2 equals last CCB block.

Figure 3-3. MLCP CCB Status Bytes 1 and 2

0 . 1 2 3 4. 5 6 7
BYTE INTERRUPT ;
6 | maN i . ccB FOR FOR
CCB STATUS | MEMORY | SERWVICE | » SERVICE PROGRAMMING | PROGRAMMING RESERVED
BYTE 1 , PROGRAM . b . ERROR USE USE
| FROM CCP 5 b 0 e
. o L
i i R i
RECEIVE o o o .
NONZERO ' o / foy UNCORRECTED
BYTE 7 RESIDUAL L > . - ‘ ’% MEMORY
CCB STATUS RESERVED RANGE o e g ; ek e Sy e RESERVED ERROR OR
GCBSTATUS | RESERVED g gHEEK. || DANSE . ; i S| L INVALID
TRANSMIT . o ~ o MEMORY
LAST BLOCK #: e o - S ERROR

o

NOTE: FOR TRANSMIT, BIT 2 EQUALS LAST CCB BLOCK,

Figure 3-4. DLCP CCB Status Bytes 1 and 2

Bit 1 — interrupt main memory program

0 — No action.

1 — The main memory program has been interrupted when processing ends rela-
tive to this CCB. This bit is set to 1 in either of two cases: (1) if bit 0 of CCB
byte 5 has been set to 1 — by an I0 (Output CCB Control) instruction in
the main memory program or (2) if bits 0 and 2 of LCT byte 8/40 have
been set to 1 and a data set or adapter status change has been recorded in
LCT byte 14/46 (Data Set Scan).

Bit 2 — data service error

0 — No data service error has occurred.

1 — A data “timing window” has been missed. On receive, the adapter has detec-
ted a receive overrun (see bit 6 of LCT byte 14/46 in Section 5). On trans-
mit, the adapter has detected a transmit underrun (see bit 7 of LCT byte
14/46 in Section 5).

Bit 3 — CCB status complete
This bit is always set to 1 as the CCB status field is written by Processor firmware.
This setting indicates that processing relative to this CCB has ended and the con-
tents of its status field are meaningful. Table 3-1 indicates the conditions under
which processing relative to a CCB can end.

Bit 4 — CCB service error

0 — No CCB service error has occurred.

1 — This bit setting pertains to an error that occurred before this CCB became
“valid.”
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On receive, a format 1 ST (Store) instruction was attempted when there was
no “valid” CCB. The instruction was not executed; instead, Processor firm-
ware set this bit to 1 (in LCT status byte 1) and proceeded to the next
sequential instruction in the CCP.

On transmit, a format 1 LD (Load) instruction was attempted when there
was no ‘‘valid” CCB. The instruction was not executed; instead, Processor
firmware set this bit to 1 (in LCT status byte 1), returned the CCP pointer
to the address of this LD instruction, and executed a WAIT (Wait) instruc-
tion. At the next channel request interrupt for this channel, this instruction
was attempted again.

See the description of bit 4 of LCT byte 16/48 in Section 5.
Bits 5 and 6 — for programming use
Within LCT status byte 1, these two bits can be used by the CCP for application-
specific purposes. Later, when the contents of the LCT status bytes are trans-
ferred to the CCB status field, these two bit positions become available for
scrutiny by the main memory program as it issues an 10 (Input CCB Status) or 10
(Input Next CCB Status) instruction. Thus, these two bit positions can be used as
a means for the CCP to pass application-specific status information to the main
memory program. :

Status Byte 2
(CCB Byte 6, MLCP) (CCB Byte 7, DLCP)
Bit 1 — data check error

0 — No data check error has occurred.

1 — A data parity error has been detected by firmware, or the CCP has set this
bit after detecting a cyclic redundancy check error. (In both cases, this bit
setting is relevant only to receive operations.)

Bit 2 — CCB nonzero range residue for receive only (see “NOTE” on previous page
under diagram) :

0 — No CCB range residue exists.

1 — The CCB has been terminated before its range field value decreased to O.

Bit 2 — last block for transmit only
0 — Not last block
1 — Last block
Bit 3 — data set or adapter status change

0 — No data set or adapter status change has been recorded.

1 — Bits 0 and 1 of LCT byte 8/40 were set to 1 and a data set or adapter status
change was recorded in LCT byte 14/46.

Bit 4 — corrected memory error (MLCP only; bit not used in DLCP)

0 — No corrected memory error has occurred.

1 — One or more hardware-corrected memory errors occurred in the CDB related
to this CCB.

Bit 5 — invalid memory address (MLCP only; bit not used in DLCP)
0 — No invalid memory address has occurred.
1 — A reference to a CDB has resulted in an invalid memory address on the Mega-

bus; main memory has issued a NAK. This condition has caused the CCB to

be terminated. .
Bit 6 — Megabus parity error (MLCP only; bit not used in DLCP)
0 — No Megabus parity error has occurred.
1 — Incorrect parity existed on the Megabus as a data character was transferred
to the MLCP. This condition has caused the CCB to be terminated.
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Bit 7 — uncorrected memory error (MLCP)
0 — No uncorrected memory error has occurred.
1 — An uncorrected memory error occurred in the CDB related to this CCB. This
condition has caused the CCB to be terminated.
Bit 7 (DLCP) — As follows:
Uncorrected memory error
0 — No uncorrected memory error has occurred.
1 — An uncorrected memory error occurred in the CDB related to this CCB. This
condition has caused the CCB to be terminated.
Invalid memory address
0 — No invalid memory address has occurred.
1 — A reference to a CDB has resulted in an invalid memory address on the
Model 23 bus; main memory has issued a NAK. This condition has caused
the CCB to be terminated.

WRITING A CCB?

A CCB is normally set up by the execution of two instructions by the main memory
program. The first instruction is an IOLD (Output CCB Address and Range), which
writes the CCB’s address and range fields with appropriate values. The second instruc-
tion is an IO (Output CCB Control), which writes an appropriate value into the CCB’s
control field and resets the CCB’s status field to zero. A CCB is not available for use
until it has been set up by these two instructions.

CCB DESCRIPTIONS OF A CDB

MLCP

When a CCB is first written by an IOLD (Output CCB Address and Range) instruc-
tion, it identifies the starting byte address of a CDB in the main memory program. The
starting byte address can be either the first (left) or second (right) byte of a word in
main memory. (Likewise, the CDB can end with the first or second byte of a main
memory word.)

A CDB is a consecutive series of bytes in main memory. It can be used as either an
input (receive) buffer or an output (transmit) buffer during data transfers to or from
the MLCP.

Data in a CDB is arranged in increasing order from the lowest byte address towards
the highest byte address in the CDB. The first character transmitted or received is con-
tained in the lowest byte address of the CDB.

Note that the contents of the CCB’s address field are increased only as data char-
acters are physically transferred between the CDB and the MLCP; see “CCB Address
Field,” earlier in this section. The contents of the CCB’s range field decrease by 1 each
time a format 1 LD (Load) or ST (Store) instruction is executed in the CCP (regard-
less of whether that instruction causes a physical data transfer between the CDB and
the MLCP).

DLCP

When a CCB is first written by an IOLD (Output CCB Address and Range) instruc-
tion, it identifies the starting word address of a CDB in the main memory program. The
starting word address can be either the first (left) or second (right) byte of a word in
main memory. Refer to Section 2 for a description of the IOLD instruction. Likewise,
the CDB can end with the first or second byte of a main memory word.

2For a description of how to set up a CCB to control a block mode input/output operation, see “Format of CCB

for Block Mode Write” in Section 7,
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A CDB is a consecutive series of bytes in main memory. It can be used as either an
input (receive) buffer or an output (transmit) buffer during data transfers to or from
the DLCP.

Data in a CDB is arranged in increasing order from the lowest byte address towards
the highest byte address in the CDB. The first character transmitted or received is con-
tained in the lowest byte address of the CDB.

How the contents of the CCB address field are increased was described previously
under the paragraph entitled ‘““CCB Address Field (DLCP).”

PROCESSING OF AN “ACTIVE” CCB

A CCB is ““active” when it is being used by Processor firmware to control the flow of
data to or from a CDB. A CCB becomes ‘‘active” when the CCP issues a GNB (Get
Next Block) instruction that moves the “uctive” CCB pointer to it. During active proc-
essing, the CCB is used only by Processor firmware; it is not accessible from the CCP.3

As data characters are physically transferred to or from the CDB by way of the Proc-
essor, the contents of the ('CB address field are increased appropriately; see “CCB
Address Field” earlier in this section.

In the case of the MLCP, if the CCB describes a CDB input (receive) buffer, the CCB
address field points to the location that will be used to store the next data character to
be received from the MLCP. For the DLCP, if the CCB describes a CDB input (receive)
buffer, the CCB address field defines a starting word in memory where receive char-
acters will be stored.

For the MLCP, if the CCB describes a CDB output (transmit) buffer, the CCB
address field points to the next data character to be transferred from main memory to
the MLCP. For the DLCP, if the CCB describes a CDB output (transmit) buffer, the
CCB address field points to the starting word in main memory from which characters
are to be transferred.

The contents of the CCB range field are decreased by 1 as each formdt 1 LD (Load)
or ST (Store) instruction is executed by the CCP (regardless of whether that instruc-
tion causes a physical data transfer between the CDB and the Processor). This process
continues until the value of the range field decreases to zero or — as in the case of a
receive operation, until a termination condition (EOT, EOB, etc.) establishes the end
of a data block, causing a nonzero range residue. Range residue in the range field indi-
cates the number of bytes in the CDB to or from which direct memory access data
transfers had not been made when the CCB was marked as completed.

When processing of an “active” CCB is completed, the status of the related data
transfer is recorded in the two status bytes of the CCB. (Some of the status informa-
tion comes from the LCT status bytes; see “CCB Status Field,” earlier in this section.)
At this point, the CCB status complete bit (CCB byte 7, bit 3 for MLCP, CCB byte 6,
byte 3 for DLCP) is set to 1.

COMPLETION OF A CCB

Table 3-1 describes various conditions that cause a CCB to be marked as completed
and the means by which each condition can be ascertained by the main memory
program.

3Exception: The ‘valid” and LB (last block) bits may be tested by the BVBT, BVBF, and BLBT, BLBF instruc-
tions, respectively.
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TABLE 3-1. CCB COMPLETION CONDITIONS

CCB Completion Condition

Action by Which Main Memory
Program Can Ascertain Condition

CCP has issued a GNB (Get Next Block)
instruction, causing the ‘“‘active” CCB to be
marked as completed.

CCP could indicate this action by setting bit 5
or 6 in LCT byte 16 (for receive channel) or
LCT byte 48 (for transmit channel) before
issuing the GNB instruction. This information
would then be available to the main memory
program through bit 5 or 6 of CCB byte 7 for
MLCP or byte 6 for DLCP.

Main memory program has issued an IO (Qut-
put Channel Control — stop input/output)
instruction.

Self-evident.

Invalid memory address.

I0 (Input CCB Status) or IO (Input Next CCB
Status). CCB byte 6 (MLCP) or byte 7 (DLCP),
bit 5 is set to 1.

Megabus parity error (MLCP only).

10 (Input CCB Status) or 10 (Input Next CCB
Status). CCB byte 6, bit 6 is set to 1.

Uncorrected memory error.

I0 (Input CCB Status) or 10 (Input Next CCB
Status). CCB byte 6 (MLCP) or byte 7 (DLCP),
bit 7 is set to 1.
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Section 4

Channel Control Program

CCP STRUCTURE AND COMPONENTS

A channel control program (CCP) must be created and then stored in the Processor
RAM, where it serves as the interface between one or more processor communications
channels and communications data blocks (CDBs) in the main memory program. Each
CCP handles a communications data stream being received by, or transmitted from,
these CDBs. The data stream is handled one character at a time, and the CCP can
modify or delete an individual character in the data stream or it can transfer the char-
acter unchanged. The CCP can also manipulate certain bytes in the line control table
(LCT) pertaining to the channel serviced by the CCP; this LCT information relates to
communications control blocks (CCBs), the line interface (adapter or Communications-
Pac), and data communications equipment.

CCP Setup

A CCP must be coded as a set of macro calls and processed by the appropriate opera-
ting system macro preprocessor before being assembled. A detailed description of each
CCP generation control statement and executable instruction, along with the proper
macro call format, appears later in this section.

Each CCP in the Processor must reside in consecutive locations of the CCP area of
RAM, which extends from byte 512 to byte 3583 for the MLCP and to byte 4607 for
the DLCP, inclusive (see Figures 1-3 and 1-4). Multiple CCPs can coexist in RAM —
provided they do not overlap.

A CCP can service more than one communications channel, but each channel’s LCT
and CCBs exist in channel-specific RAM locations outside the CCP area, regardless of
whether that channel is serviced by a “dedicated’ CCP or by a CCP that services multi-
ple channels. The channel-specific LCT and CCB storage areas permit CCPs to be
reentrant and therefore able to service more than one channel.

Processor firmware allows a CCP to call one level of subroutine (outside the CCPs
consecutive RAM locations) and later to be returned to at the next sequential instruc-
tion following the call.

A CCP is stored in the Processor RAM by the MLCP Loader or by a main memory
program’s use of a block mode write operation. (These subjects are described in Sec-
tion 7.) In either case, the CCP’s initial starting address must be written into the
appropriate bytes of the LCT for the channel to be serviced by this CCP. (The format
of LCTs is described in Section 5.) When the CCP is started for the first time, its initial
starting address — stored in the LCT — will be loaded into the Processor’s P-register
(program counter) by firmware.

Starting CCP

Once all desired CCPs have been stored in RAM and all setup activity has occurred,
the CCP can be started by the main memory program’s execution of an 10 (Output
Channel Control — start input/output) instruction. For example, the first action of the
CCP may be to load line registers 6, 4, and 2 of the appropriate channel of the adapter;
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line register 2 must be loaded last. The startup procedure is adapter-dependent; refer to
the correct appendix for the adapter in question. The CCP may then execute a WAIT
(Wait) instruction, pending the first communications message activity.

During processing, a CCP can be started by any of the following means:

o A channel request interrupt from the appropriate adapter (a request for CCP
service).

o Execution of an I0 (Output Channel Control — start input/output) instruction in
the main memory program.

o A change in data set status (provided the firmware scan bit and the start CCP bit
are both set to 1 in the appropriate LCT byte).

o Either channel of a line pair can turn on the other channel by setting the appro-
priate bit (6, 7) of the LCT byte 20 and line register 2 (LR2). This technique is
used for echoplexing the received data back to the terminal in full-duplex mode,
or for managing line turnaround in two-way alternate mode.

Each time a CCP is started, the Processor restores its channel-specific “context”
from the appropriate LCT. This context includes the proper settings of the P-register
(program counter), R-register (general register), and program indicators.

MLCP CCP Execution

When the CCP is started, the MLCP allows it to execute, without interruption, as
many as 31 instructions. (Communications-Pac buffering is provided to ensure that
consecutive execution of 31 instructions in one CCP does not cause an error — receive
overrun or transmit underrun — on another communications channel.) After 31
instructions have been executed, a firmware pause occurs and the CCP is interrupted;
the CCP’s context is stored in firmware-reserved bytes of the appropriate LCT. The
firmware pause allows background firmware scanning to occur and channel request
interrupts to be serviced. When the CCP is resumed following the pause, its saved con-
‘text is automatically restored by firmware; the pause is not apparent to the CCP unless
it contains a timing loop.

The data character processing loop of a CCP typically handles a single character of
the data stream and terminates with a WAIT (Wait) instruction. When the CCP’s WAIT
instruction is executed, MLCP firmware stores, in the appropriate LCT, the current
contents of the P-register, R-register, and program indicators, This context will be
restored by the MLCP when this CCP is started again.!

DLCP CCP Execution

Refer to the paragraph entitled ‘“Processing Priorities” and to Table 1-2 in Section 1
for a discussion of DLCP CCP execution. The DLCP does not have a 31-instruction
scheme as described above for the MLCP. Note that in between every CCP instruction
which uses a firmware subroutine, the DLCP scans via its priority scheme for any
channels requesting service, (i.e., channel request interrupts).? During a pause, only
channels on a different line from the interrupted channel can gain control. Channels on
the same line do not interrupt each other.

'If, desired, the main memory program can alter the stored value of the P-register by issuing I0 (Output LCT Byte)
instructions only when the CCP is not executing; this action will cause the CCP to resume at a different RAM
address when it is started again.

2 Refer to the latter portion of this section for those instructions that are flrmware-xmplemented
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MLCP Registers and Program Indicators Used by CCP

The MLCP registers and program indicators of particular significance to the CCP are

as follows:

o P-register (program counter) — a 12-bit register that contains the RAM address of

the next CCP instruction to be executed.

0 R-register — an 8-bit general register used by CCP instructions.
o E (Equal)-indicator — an indicator that stores the results of the last execution of a

C (Compare) instruction. If the comparison was equal, the E-indicator is set to 1
(true); if the comparison was unequal, the E-indicator is reset to O (false). This
indicator can be tested by the BET (Branch if Equal True) and BEF (Branch if
Equal False) instructions.

LC (Last Character)-indicator — an indicator that is set to 1 (true) after execution
of a format 1 LD (Load) or ST (Store) instruction that has caused the value of
the CCB range field to reach zero. The LC-indicator remains set to 1 until the first
format 1 LD or ST instruction is executed for the next CCB, at which time the
LC-indicator is reset to O (false). This indicator can be tested by the BLCT
(Branch if Last Character True) and BLCF (Branch if Last Character False)
instructions.

LB (Last Block)-indicator — indicator that is set to 1 (true) when the ‘““active”
CCB describes the last CDB in a message (the LB-indicator will be set to 1 pro-
vided the LB-bit in this CCB’s control field was set to 1 when this CCB was set
up). At other times the LB-indicator is reset to O (false). This indicator acts as a
flag to the CCP — it can be tested by the BLBT (Branch if Last Block True) and
BLBF (Branch if Last Block False) instructions. It is not used by MLCP firmware.
This indicator is not valid until at least one LD or two ST (format 1) instructions
have been executed by the CCP.

BV (Block Valid)-indicator — this indicator is the valid bit, bit 1 of the CCB
control byte.

AR (Adapter Ready)-indicator — this indicator, applicable only to broadband
Communications-Pacs, means, on the transmit channel, that the buffer is not full,
or, on the receive channel, that the buffer is not empty.

All communications data is stored right-justified in each Communications-Pac line

register 1 and in the MLCPs R-register; the same format is used in both registers. Parity,
if used, is stored in the leftmost bit of the communications character.

The CCPs send/receive instructions and the CCH (Calculate Block Check) instruction

can use the MLCP’s block-check hardware to support cyclic redundancy checking.

DLCP Registers and Program Indicators Used by CCP

The DLCP registers and program indicators of particular significance to the CCP are

as follows:

o P-register (program counter) — a 16-bit register that contains the RAM address of

the next CCP instruction to be executed.

o0 R-register — an 8-bit general register used by CCP instructions.
o E (Equal)- indicator — this indicator is set whenever the result of the last execu-

tion of a Compare (C) instruction is equal. It is tested by the BET (Branch if
Equal True) and BEF (Branch if Equal False) instructions and is visible to the pro-
gram only through the use of these two instructions.

o LC (Last Character)- indicator — this indicator is set whenever the range of the

active CCB = 0. This indicator can be tested by the BLCT (Branch if Last Char-
acter True) and BLCF (Branch if Last Character False) instructions and is visible
to the program only via these two instructions.
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o LB (Last Block) indicator — this indicator refers to the last block bit of the active
CCB. It is set to 1 (true) when the active CCB describes the last CDB in a message
(the LB indicator will be set to 1 provided the LB bit in this CCB’s control field ,
was set to 1 when this CCB was set up). At other times, the LB indicator is reset N
to O (false). This indicator acts as a flag to the CCP — it can be tested by the ’
BLBT (Branch if Last Block True) and BLBF (Branch if Last Block False) instruc-
tions. This indicator is always valid when set.

o BV (Block Valid) indicator — this indicator is the valid bit, bit 1 of the CCB
control byte.

All communications data is stored right-justified in each adapter line register 1 and
in the R-register; the same format is used in both registers. Parity, if used, is stored in
the leftmost bit of the communications character.

The CCP’s send/receive instructions and the CCH (Calculate Block Check) instruc-
tion can use the DLCP block-check firmware to support cyclic redundancy checking.

USING CCP GENERATION CONTROL STATEMENTS
AND EXECUTABLE INSTRUCTIONS

CCP control statements and executable instructions are used to create the channel
program. They are coded as macro calls and constitute the source of the CCP. This
source is processed by the macro preprocessor and then the expanded source module
produced by the macro preprocessor is used as input to the assembler.

Program Development Tools

Before attempting to create a CCP, you should be throughly familiar with the
description of the macro facility in the appropriate assembly language manual. Refer
also to the documentation listed in the appropriate software overview manual (listed in
the Preface). You should be familiar with the program development tools of the
operating system, and with the operating system diskette that contains the macro pre-
processor and assembler, and the library of Processor macro routines. The library of
macro routines is used whenever the macro preprocessor services a CCP.

Programming Rules

The CCP instructions that are described in the remainder of this section are those
control and executable instructions that are used to create channel programs in the
MLCP and DLCP.

In a few instances, assembly language instructions have mnemonic op codes that are
identical to the macro-names of CCP generation control statements and CCP execut-
able instructions (e.g., ORG, NOP, AND, OR, XOR, B, DEC). If any of these assembly
language instructions appear in a source module that includes a CCP, they must be
“protected” from being misinterpreted as macro calls during execution of the macro
preprocessor. See the appropriate assembly language manual for a definition.

Note also that the global macro variables GX, XY, and GZ are reserved for use
by the macro routines and should not appear anywhere in input to the macro
preprocessor.

The use of assembler control and executable instructions in the CCP is not
permitted. A single exception exists to this rule, namely the assembler instruction EQU
(Equate), which may be used within the CCP. The EQU has no effect during the
macro preprocessor phase, but, rather, is passed along to the assembler and assembled
during assembly of the CCP. The operand of the EQU statement must be a value, i.e.,
$ cannot be used as an operand. Refer also to the LOC statement defined later.

CHANNEL CONTROL L S
PROGRAM 4-4 AT97



Macro Preprocessor and Assembly Operation

Refer to the macro preprocessor section of the assembly language manual for the
correct control information that must be provided to the macro preprocessor itself and
to the assembler portion for proper operation.

Internal Formats

The assembler manual also includes a discussion of the internal data formats and
hardware registers in the Level 6 system. These should be thoroughly understood
before attempting to program the Processor. To assist the user, the CCP instructions in
this manual contain the ranges for internal value expressions that are generated; the
definitions of internal value expressions, constants, arithmetic expressions, etc. are
found in the assembler manual itself.

In the coding examples used for the CCP instructions, representative types of coding
usage are shown.

MLCP Loader
The MLCP Loader may be used to load the image text that is the output of the CCP
program development procedure. Refer to Section 7 for a description of the Loader.

CCP GENERATION CONTROL STATEMENTS

Four CCP generation control statements (see Table 4-1) are available to assist in the
creation of a CCP:

o LOC
o ORG
o MORG
o DATA

These statements, which are analogous to Assembler control statements, are described
below.

TABLE 4-1. FORMAT OF MACRO CALLS FOR CCP GENERATION CONTROL STATEMENTS

Instruction Macro Call Format Comments
CCP Generation LOC operand [comments] Operand is a user-supplied label
Control Statements ORG operand [comments] Operand is a decimal or hexadecimal
constant.
If decimal:

0 < operand < 3583 (MLCP)
0 < operand < 4607 (DLCP)

If hexadecimal:
X’0 < operand < X’0DFF’ (MLCP)
or X’0FFF (DLCP)

MORG .[comments] A modulo 2 value is assigned to the
Macro Preprocessor’s byte allocation
counter.

DATA operand [,operand] One to 35 operands are possible.

[comments] Each operand is an internal value
expression.
0<IVE<255

CHANNEL CONTROL
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LOC Statement
Format of Macro Call:

LOC operand [comments]
operand
A user-supplied label.
Description of Statement:

The LOC statement assigns a user-supplied label to the immediately following CCP
byte location. The “LOC label” statement is comparable to the Assembler control
statement ““‘label EQU $”.

Example:
LOC START

ORG Statement
Format of Macro Call.

ORG operand [ comments]

operand

A decimal integer constant or a hexadecimal integer constant. The value of a
decimal integer constant can be from 0 to 3583 for MLCP or 4607 for DLCP,
inclusive; the value of a hexadecimal integer constant can be from X‘0’
to X‘ODFF’ (MLCP) or X‘OFFF’ (DLCP), inclusive.

Description of Statement:

The ORG statement assigns a user-supplied value to the Macro Preprocessor’s byte
allocation counter. The CCP locations following the ORG statement will have byte
addresses based on the value supplied in the ORG statement.

NOTE: The ‘‘addresses” established by the ORG statement do not necessarily
indicate the RAM locations into which the generated CCP will eventually
be loaded. This decision need not be made until the Processor is loaded.

If the first CCP generation control statement is not an ORG statement, the Macro
Preprocessor assumes an implied ORG statement whose operand is zero.

Example:

ORG 256
ORG X‘0100°

MORG Statement
Format of Macro Call:

MORG [comments]
Description of Statement:

The MORG statement assigns, to the Macro Preprocessor’s byte allocation counter,
a ‘modulo 2 value relative to the address of the most recent TLU (Table Look-Up)
instruction. If no TLU instruction has yet appeared in the CCP, the assigned modulo
2 value is relative to the CCP’s most recent ORG statement (either explicit or
implied; see preceding subsection).

CHANNEL CONTROL
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This statement is used to ensure that a branch resulting from a TLU (Table Look-Up)
instruction will reach the proper memory address relative to the address of the TLU
instruction. (The TLU instruction is described later in this section.)

Example:
MORG

DATA Statement
Format of Macro Call:

DATA OPERAND],operand. . .] [comments]
operand

An internal value expression that, when resolved, is a data constant modulo 256
(value from O to 255, inclusive); this data constant will be included in the CCP.
From 1 to 35 operands can be included in a DATA statement.

Generated Code. 0 7

data constant 0 < value < 255

Description of Statement:

The DATA statement creates a string of 1 to 35 data constant bytes in the CCP.
One use of this statement is to create a CCP table that can be used in conjunction
with TLU (Table Look-Up) instructions. (The TLU instruction is described later in
this section.)

Examples:

DATA 0,1,2,3

DATA X*01°,X‘02*,X‘03’
DATA NUL,SOH,STX,ETX
DATA (START-BASE)/2+X‘80°

CCP EXECUTABLE INSTRUCTIONS

Five types of executable instructions (see Table 4-2) are available to the CCP.

o Branch instructions

o Double operand instructions
o Input/output instructions

¢ Send/receive instructions

¢ Generic instructions

Table 4-3 illustrates the general format of macro calls for CCP executable instruc-
tiors. The displacement values for both the MLCP and the DLCP ¢re given. Tables 4-4
through 4-8 collectively contain timings for all CCP executable inst -uctions. The tables
are arranged by type of instruction, and the timings are given for >oth the MLCP and
DLCP. (The internal format for the instructions is shown in the text that follows the
tables. This includes the expansion sequence of the DLCP instructions.) Tables 4-9
and 4-10 are bit maps of CCP executable instruction op codes for the MLCP only.
Table 4-9 indicates those instructions that can be used in a CCP servicing a receive chan-
nel; Table 4-10 indicates those instructions that can be used ir a CCP servicing a
transmit channel.
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‘The bit sequence of the DLCP is an expansion of the op code sequence shown for
MLCP. For this reason, the user should be aware of the number of bytes in the instruc-
tion sequence in servicing transmit and receive channels. This (byte) expansion must be
known for each and every DLCP instruction, but the actual contents of the instruction
sequence are for firmware and DLCP microprocessor use only.

In the discussion of the instructions following the tables, you will note some new
terms with respect to the DLCP. You will note, for example, that certain DLCP instruc-
tions include a call to DLCP firmware subroutines and that others consist of an op
code and a constant. The constant is an 8-bit number used by the DLCP micro-
processor. Neither the firmware call nor the microprocessor values are v131ble to the
user program and it need not be concerned with them.

TABLE 4-2. CCP EXECUTABLE INSTRUCTIONS

Branch Instructions

B o Branch _

BS Branch to Subroutine

BET Branch if Equal True

BEF Branch if Equal False

BZT Branch if Zero True

BZF Branch if Zero False

BLCT Branch if Last Character True

BLCF Branch if Last Character False

BLBT Branch if Last Block True

BLBF Branch if Last Block False

BART (MLCP only) Branch if Adapter Ready True Not applicable to DLCP. (Note)
BARF (MLCP only) Branch if Adapter Ready False Not applicable to DLCP. (Note)
BVBT Branch if Valid CCB True '
BVBF Branch if Valid CCB False

JUMP Branch to any RAM Memory

Location (3 byte)

Double Operand Instructions — Format 1

LD Load 1 R-Register and Next Byte
ST Store in appropriate CDB

Double Operand Instructions — Format 2

LD Load I

ST Store

C Compare _

AND Logical AND a R-Register and LCT Byte n
OR Inclusive OR

XOR Exclusive OR

TLU Table Look-Up “

Double Operand Instructions — Format 3

LD Load
¢ Compare R-Register and Immediate
AND Logical AND . gist
OR Inclusive OR Operand
XOR Exclusive OR
J
CHANNEL CONTROL
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TABLE 4-2 (cont). CCP EXECUTABLE INSTRUCTIONS

Input/Qutput Instructions

IN Input Line Adapter Line
ouT Output Registers 0-7
Send/Receive Instructions

SEND Send

RECV Receive Type 0-3

Generic Instructions

NOP No Operation

WAIT Wait

GNB Get Next Block

SFS Search for Synchronization

CCH Calculate Block Check

DEC Decrement R-Register

RET Return from Subroutine

SR Shift R-Register Right

INTR Interrupt (CPU)

INZ Soft Initialize all Channels (debug use only)

NOTE: BARF and BART are not applicable to the DLCP and should not be used. Refer to Note 1
of Table 4-4 for a description of how these instructions are handled in the DLCP. This des-
cription is primarily intended for use in existing environments where MLCP programs are to
be reprocessed (macro preprocessed and assembled) for use on the DLCP.
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TABLE 4-3. FORMAT OF MACRO CALLS FOR CCP EXECUTABLE INSTRUCTIONS

Instruction

Macro Call Format

Comments

Branch Instructions
Short Displacement

B operand [comments]

BS operand [comments]
BET operand [comments]-
BEF operand [comments]
BZT operand [comments]
BZF operand [comments]
BLCT operand [comments]
BLCF operand [comments]
BLBT operand [comments]
BLBF operand [comments]
BART operand [comments]
BARF operand [comments]
BVBT operand [comments]

BVBF operand [comments]

Operand is an internal value
expression.

-128<IVE<127 (MLCP) from
byte address of the displacement

-128<IVE<I127 (DLCP) from
byte address of next op code
following the displacement

Long Displacement
Branch

JUMP operand [comments]

Operand is an internal value
expression.

-4096<IVE<4095 (MLCP) from
byte address of the displacement
-4096<IVE<4096 (DLCP) from
byte address of next op code fol-
lowing the displacement

Double Operand
Instructions—Format 1

LD, [comments]
ST, [comments]

Refers to Processor R-register
and CDB.

Double Operand
Instructions—Format 2

LD operand [comments]
ST operand [comments]

C operand [comments]
AND operand [comments]
OR operand [comments]
XOR operand [comments]

Refers to Processor R-register
and LCT byte n.

Operand is an internal value
expression that identifies LCT
byte n.

O0<IVE<63

TLU operand [comments]

23<IVE<30 [Programming
55<IVE<62 |work areas

Double Operand
Instructions—Format 3

LD=operand [comments]
C=operand [comments]
AND=operand [comments]
OR=operand [comments]
XOR=operand [comments]

Refers to R-register and an
immediate operand.

Operand is an internal value
expression.

O<IVE<255

Input/Output Instructions

IN operand [comments]
OUT operand [comments]

Operand is an internal value
expression.
O<IVE<7

Send/Receive Instructions

SEND operand [comments]
RECV operand [comments]

Operand is an internal value
expression.
O<IVE<3

Generic Instructions

NOP [comments]
WAIT [comments]
GNB [comments]
SFS [comments]
CCH [comments]
DEC [comments]
RET [comments]
SR [comments]
INTR [comments]
INZ [comments]
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TABLE 4-4. TIMINGS FOR BRANCH INSTRUCTIONS

MLCP DLCP
No Branch Branch No Branch Branch

Instruction (us) (us) ’ (us) (us)
B N/A 3.6 4 4
BS N/A 7.0 35 35
BET 2.1 4.1 7 7
BEF 2.1 4.1 7 7
BZT 2.1 4.1 6 6
BZF : 2.1 4.1 6 6
BLCT 2.1 4.1 8 8
BLCF 2.1 4.1 8 8
BLBT 2.1 4.1 9 9
BLBF 2.1 4.1 9 9
BART 3.3 5.3 Note Note
BARF 33 5.3 Note Note
BVBT 5.7 7.7 9 9
BVBF 4.0 6.0 9 9
JUMP N/A 4.8 4.8 4.8

NOTE: BART and BAREF are not applicable to the DLCP and should not be implemented. For exist-
ing programs where BART and BARF are used, the following should be noted: BART is

converted to a NOP and BARF to a Branch (B) instruction. Timings are:
BART: 2us

BARF: 4 us (Branching occurs because condition is “always” false since instruction is

not part of DLCP set.)

TABLE 4-5. TIMINGS FOR DOUBLE OPERAND INSTRUCTIONS

MLCP DLCP
Format 1 Format 2 Format 3 | Format 1 Format 2 Format 3
R&CDB R&LCTn R&IMO| R&CDB R&LCTn R & IMO
Instruction (us) (us) (us) (us) (us) (us)
LD 22.6 5.3 3.2 Note 1 3 2
ST 21.7 5.1 N/A Note 2 3 N/A
C N/A 5.8 3.9 N/A 9 8
AND N/A 5.3 3.2 N/A 3 2
OR N/A 5.3 3.2 N/A 3 2
XOR N/A 5.6 3.4 N/A 3 2
TLU (Translate) N/A 8.5 N/A N/A 37 N/A
TLU (Branch) N/A 9.1 N/A N/A 57 N/A
NOTES: 1. Timings for LD Format 1 (DLCP) are:
56 us if buffer full
129 us if buffer not full

92 us average
2. Timings for ST Format 1 (DLCP) are:
124 us if buffer full
56 us if buffer not full
90 us average
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TABLE 4-6. TIMINGS FOR INPUT/OUTPUT INSTRUCTIONS

_ TABLE 4-7. TIMINGS FOR SEND/RECEIVE INSTRUCTIONS

, MLCP DLCP
Instruction (us) (us)
IN 3.6 Note 1
ouT 3.1 Note 2
NOTE: 1. IN instruction timings (DLCP) are:

14 us for IN1
46-63 us for IN5

2. OUT instruction timings (DLCP) are:

15 us for OUT1
106-152 us for OUT?2

‘MLCP DLCP
Without CRC With CRC
Instruction (us) (us)
SEND 6.3 13.4 Note 1
RECV 7.2 14.2 Note 2

NOTES: 1. SEND instruction timings (DLCP) are:

CHANNEL CONTROL

PROGRAM

52-80 us for SEND 0
70-97 us for SEND 2
95-151 us for SEND 1
104-164 us for SEND 3

{Without CRC

{With CRC

. RECV instruction timings (DLCP) are:

33-44 us for RECV 0
97-113 us for RECV 2
75-128 us for RECV 1
144-192 us for RECV 3

{Without CRC

{With CRC

SEND 0 without parity
SEND 2 with parity
SEND 1 without parity
SEND 3 with parity

RECV 0 without parity
RECV 2 with parity
RECV 1 without parity
RECV 3 with parity

AT97
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TABLE 4-8.

TIMINGS FOR GENERIC INSTRUCTIONS

MLCP DLCP
Instruction (us) (us)
NOP 1.7 2
WAIT 15.0 (Note 1) 41.0 (Note 3)
GNB n (Note 2) n (Note 4)
SFS 5.6 21-71
CCH 8.4 Note 5
DEC 2.0 2
RET 4.9 8
SR 2.4 2
INTR 11.0 125-154
INZ 200.00 650
NOTES: 1. (MLCP)
This figure includes the time necessary to perform a context swap from the currently
running CCP to the next CCP (approximately 8 us).
2. (MLCP)
GNB-receive mode and previously active CCB causes interrupt to central processor:
322 us
GNB-receive mode without interrupt: 25.2 us
GNB-transmit mode with interrupt: 28.8 us
GNB-transmit mode without interrupt: 21.8 us
3. (DLCP)
This figure includes the time only to suspend the currently executing CCP.
4. (DLCP)
GNB-receive mode and previously active CCB causes interrupt to central processor:
239 us
GNB-receive mode without interrupt: 120 us
GNB-transmit mode with interrupt: 314 us
GNB-transmit mode without interrupt: 195 us
5. (DLCP)
Timings for CCH are as follows:
49 us for LRC
73 us for CRC 16
73 us for CRCITT
82 us for CRC 12
CHANNEL CONTROL
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TABLE 4-9. MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS’ OP CODE WORDS — RECEIVE MODE

Bits 4-7
Instruction Bits :
Type/Format 0-3 0 1 2 -3 4 15 6 7 8 9 |A |B C
Generic 0 NOP WAIT | GNB SFS CCH DEC RET SR . INTR}|INZ
Double Operand — 1 ST

Reference to CDB

Input/Output - IN4 2 LRO LR1 LR2 LR3 LR4 LR3 LRo6 LR7
Input/Output ~-OQUT? |3 LRO LRI LR2 LR3 LR4 LRS LRG LR7
Reserved 4

Double Operand — 5 LD ST C AND | OR XOR | TLU
Reference to LCT

Byte n

Reserved for

transmit channel® 6

Reserved 7,8

Double Operand- 9 LD C AND | OR XOR

Reference to IMO

Send/Receive—RECV JA RECV O |RECV I§RECV 2 |RECV3
No CRCP  |Parity® |Parity

L6LV

Parity and

or CRcb

CRCb
Reserved B.C.D
Branch— E B BET BZT BLCT | BLBT | BART | JUMP | BVBT
Branch True '
Branch— F BS BEF | BZF BLCF | BLBF | BART BVB

Branch False

3Existence of line register is dependent on type of Communications-Pac being used. If a nonexistent line register is
used in the IN or OUT statement, the statement will be treated as a no-op.

bindicates whether the parity check and/or cyclic redundancy check information in LCT byte 2 applies to the data
character being transferred to the MLCP’s R-register from the receive channel’s line register 1 in the Communications--

Pac. :
®Do not use.
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TABLE 4-10. MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS’ OP CODE WORDS — TRANSMIT MODE

Bits 4-7

Instruction Bits
Type/Format 0-3 0 1 2 3 4 5 6 7 8 9
Generic 0 NOP |WAIT |GNB |SFS CCH |DEC |RET |[SR |JINTR|INZ
Double Operand— 1 LD
Reference to CDB
Input/Output — IN2 |2 LRO LR1 LR2 LR3 LR4 LR52 |LR6 LR7
Input/Output — QUT?| 3 LRO LR1 LR2 LR3 LR4 LRS LR6 LR7
Reserved ) 4
Double Operand— 5 LD ST C AND |OR XOR |TLU
Reference to LCT
Byte n
Send/Receive—SEND |6 SENDO| SEND1 | SEND2 [SEND3

No CRCP Parityb Parity

Parity and

or CRCD

CRCD
Reserved 7,8
Double Operand— 9 LD C AND |OR XOR
Reference to IMO
Reserved for
Receive Channel®
Reserved B,C.D
Branch— E B BET BZT BLCT | BLBT | BART | JUMP |[BVBT
Branch True
Branch— F BS BEF BZF BLCF | BLBF | BARF BVBH
Branch False

3Existence of a line register is dependent on type of Communications-Pac being used. If a nonexistent line register is
used in the IN or OUT statement, the statement will be treated as a no-op.

YIndicates whether the parity generation and/or cyclic redundancy check information LCT byte 34 applies to the
data character being transferred from the MLCP’s R-register to the transmit channel’s line register 1 of the
Communications-Pac. The parity generation is done before the CRC operation (i.e., the parity bit is included in the

CRC calculation).
®Do not use.




Branch Instructions

Fifteen (MLCP) or thirteen (DLCP) branch instructions are available to the CCP
The BART and BARF branch instructions are not available to the DLCP.

In the discussion that follows, differences between the MLCP and DLCP are noted
with respect to displacement and internal instruction format. The expanded formats
shown for DLCP should be understood in terms of the number of bytes for the expan-
sion. The contents of these bytes are for DLCP firmware and microprocessor use only
and are not visible to the user.

Short Displacement Instructions
Format of Short Displacement Macro Call:

macro-name operand (comments)

macro-name -

B BS BET BEF BZT BZF BLCT BLCF BLBT BLBF BVBT BVBF (MLCP and

DLCP)
BART BARF (MLCP only)

operand
An internal value expression that identifies the target of the branch instruction.

MLCP: The displacement d is between the current byte address and the target
byte address and must be in the following range:

-128<d<+127

The displacement is from P (the current value of the MLCP P-register,
which is pointing to the byte that contains the displacement).

DLCP: The displacement d is from the byte address of the next op code to the
target byte address and must be in the following range:

-128<d<<+127

The displacement is from P+1 (P is the current value of the DLCP
P-register). .

Internal Format of Instructions:

MLCP: All short displacement branch instructions for the MLCP have the same
internal format as follows. Recall that displacement is from the current
byte address.

0 7
byten op code
byte n+1 displacement -1 28<d<+‘127

DLCP: The internal formats are shown in the diagrams that follow. The actual
byte contents are not visible to the user. Recall that displacement is
from the byte address of the next op code.

Instruction: Branch (B)
Internal Format: 0 7
byte n op code
byte n+l displacement -128<d<<+127

CHANNEL CONTROL . ‘
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Instruction.

Internal Format:

Instruction:

Internal Format:

Instruction:

Internal Format:

Instruction:

Internal Format:

CHANNEL CONTROL
PROGRAM

Branch to Subroutine (BS)

byten
byte n+l

byte n+2

byte n+3
byte n+4

0 7

call to firmware
subroutine

high order firmware
absolute address

low-order firmware
absolute address

op code

displacement

-128<d<+127

Branch if Zero False (BZF) Branch if Zero True

(BZT)

byte n
byte nt+1
byte n+2

0 7

op code

op code

displacement

Branch if Equal True (BET)
Branch if Equal False (BEF)
Branch if Last Character True (BLCT)
Branch if Last Character False (BLCF)

byte n

byte n+1
byte nt+2
byte nt3

0 7

op code

constant

op code

displacement

Branch if Last Block True (BLBT)
Branch if Last Block False (BLBF)
Branch if Valid CCB True (BVBT)
Branch if Valid CCB False (BVBF)

byten

byte nt+1
byte n+2
byte n+3
byte nt+4
byte n+5

4-17

0 7

op code

constant

op code

constant

op code

displacement

-128<d<+127

-128<d<+127

-128<d<+127
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Description of Instructions:
B (Branch) — Unconditional branch to the target location.

BS (Branch to Subroutine) — Store the address of the next CCP instruction (i.e., P+1)
in firmware-reserved bytes of the LCT; next, branch to the target location.

BET (Branch if Equal True) — Branch to the target location only if the E-indicator is
setto 1. -

BEF (Branch if Equal False) — Branch to the target location only if the E-indicator is
reset to 0.

BZT (Branch if Zero True) — Branch to the target location only if the R-register
contains zero.

BZF (Branch if Zero False) — Branch to the target location only if the R-register
contains a nonzero value.

BLCT (Branch if Last Character True) — Branch to the target location only if the LC-
indicator is set to 1.

BLCF (Branch if Last Character False) — Branch to the target location only if the LC-
indicator is reset to 0.

BLBT (Branch z'f Last Block True) — Branch to the target location ohly if the LB-
indicator is set to 1.

BLBF (Branch if Last Block False) — Branch to the target location only if the LB-
indicator is reset to 0.

BVBT (Branch if CCB Valid True) — Branch to the target location only if valid block is
true.

BVBF (Branch if CCB Valid False) — Branch to target location if valid block is false.

BART (Branch if Adapter Ready True) (MLCP only) — Branch to the target location
if bit 4 of line register 5 is set, e.g., the adapter transmit data buffer is not full or the
adapter receive data buffer is not empty (Broadband Communications-Pacs).

BARF (Branch if Adapter Ready False) (MLCP only) — Branch to the target location if
bit 4 of line register 5 is reset, e.g., the adapter transmit data buffer is full or if the
adapter receive data buffer is empty (Broadband Communications-Pacs).

Examples:
The B (Branch) instruction is used in the examples; however, the format for all the
short displacement branch instructions is the same.

B START
B START+4
B START-DIF+X‘13’

CHANNEL CONTROL
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Long Displacement Instruction
Format of Long Displacement Macro Call:
macro-name operand (comments)

macro name

JUMP (MLECP and DLCP)

operand
An internal value expression that identifies the target of the branch instruction.

MLCP: The displacement d is between the current byte address and the target
byte address and must be in the following range:

-4090<.d< +40906

DLCP: The displacement d s from the byte address of the next op code to the
target byte address and must be in the following range:

-4096-"d +40906

Internal ormai of Instructions:

MICP: 0 7
byte n op
bytentl | NXXX4MSB | d=12bit displacement
bytent2 | RLSB 4096 "d- 4096

(Assume P s pointing to the

third  location  when  the

clfectiveaddressiscaleulated.)

Note that =d™ s a twos complement integer. ‘'The four bits marked XXXX will be

disrcearded by the MLCP firmware. Because the branch displacement may be equal

to the address space size of the MLCP memory, care should be taken to ensure that the

CCP doces not branch into the CCB or the LCT arca. 'The MLCP does not include pro-
tection i this instance.

DLCP:  The internal format of the JUMP instruction depends on whether it 1s an

mitial pass of the DLCP firmware or whether it is not:

Initial Pass of DLCP Firnnvare:

0 7
A R —
byte n op code
high order 4 bits of
byte ntl relative displacement
X XXX -4096<d<+4096

low-order 8 bits of

byte nt+2 . .
y relative displacement

Fvery Other Pass of DLCP Firnware:
0 7

byte n op code

high order byte of

byte n+l
y absolute address

low order byte of

byte nt+2
y absolute address

CHANNEL CONTROIL.
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Note that ““d” is a two complement integer. The four bits marked XXXX will be dis-
regarded by the DLCP firmware. Because the branch displacement may be equal to the
address space size of the DLCP memory, care should be taken to ensure that the CCP
does not branch into the CCB or the LCT area. The DLCP does not include protection
in this instance.

Description:
JUMP is an unconditional branch instruction used when the displacement (d)
is larger than the range of a short displacement (-128<<d<+127) up to 4096
bytes of memory. Refer to the previous displacement definitions for MLCP and
DLCP.

Examples:
JUMP START
JUMP START +4
JUMP START-DIF+X‘13’

‘Double Operand Instructions .
Double operand instructions are usable in three formats:

Format Operands

1 - Rregister and next byte in appropriate CDB
2 R-register and byte n of appropriate LCT

3 R-register and immediate operand

The use of double operand instructions in these three formats is described in the
following subsections. Note that not all double operand instructions can be used in all
formats..

Formatr 1

Double operand instructions in this format refer to the Processor R-register and the
next byte in the appropriate CDB of the main memory program.

Double operand instructions in this format will not be executed if the CCB list for
the appropriate channel does not contain a ‘“‘valid” CCB.

Format of Macro Call:
macro-name[,comments]

macro name

LD ST
Internal Format of Instructions:
MLCP: 0 7
byte n op code
DLCP: 0 7
call to firmware
byten ‘subroutine
high order firmware
byte n+l absolute address
low order firmware
byte n+2 absolute address
CHANNEL CONTROL
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Description of Instructions:
LD (Load) — Load the next byte from the main memory program CDB into the
R-register.

After execution of this instruction, the contents of the “active’” CCB’s range field
will be decreased by 1; the contents of the “‘active” CCB’s address field may remain
unchanged, increase by 1 (MLCP, DLCP), or increase by 2 (MLCP only) — depend-
ing on circumstances (see ““CCB Address Field” in Section 3).

This instruction (in format 1) is valid only in transmit mode.

ST (Store) — Store the contents of the R-register into the next byte location in the
main memory program CDB.

After execution of this instruction, the contents of the “active” CCB’s range field
will be decreased by 1; the contents of the “active’ CCB’s address field may remain
unchanged, increase by 1 (MLCP, DLCP), or increase by 2 (MLCP only) — depend-
ing on circumstances (see “CCB Address Field” in Section 3).

This instruction (in format 1 is valid only in receive mode).

Examples:

LD
ST (no operand)

Format 2

Dquble operand instructions in this format refer to the R-register and byte n of the

LCT for the channel serviced by the CCP.

All of the double operand instructions in this format are valid in either transmit or

receive mode.

Format of Macro Call:

macro-name operand [comments]

macro-name
LD ST C AND OR XOR TLU

operand
An inclusive value expression that, when resolved, is an integer value from O to
63, inclusive. This integer value is the number of a byte in the LCT for the chan-
nel serviced by this CCP. (As indicated in Section 5, certain LCT bytes are
reserved for firmware use and must not be modified by software.)

Internal Format of Instructions:

MLCP: 0 7
byte n op code
byte n+1 byten of LCT | 0<n<+63
(where n is LCT
byte)
CHANNEL CONTROL
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DLCP:
Instruction: LD ST AND OR XOR

Internal Format: 0 7

byte n - opcode

byte n+l byte n of LCT 0<n<+63
' . (where n is LCT

"~ byte)
Instruction: Compare (C)
Internal Format: 0 7
byte n op code
byten+1 byte n of LCT
byte n+2 op code
byte n+3 op code
byte n+4 constant - 0<n<H+63
(where n is LCT
byte)
Instruction: Table Look Up (TLU)
Internal Format: , v 0 7
byte n ‘ op code
byte n+l byte n of LCT
v call to firmware °
byte n+2 subroutine
high-order
byte nt3 firmware
absolute address .
low-order O<n<+63
byte n+4 firmware (where n is LCT
absolute address | byte)

Description of Instructions

LD (Load) — Load into the R-register the contents of byte n of the LCT for this
channel.

ST (Store) — Store the contents of the R-register in byte n of the LCT for this
" channel.

C (Compare) — Compare the contents of the R-register with the contents of byte n
of the LCT for this channel. if the comparison is equal, set the E-indicator to 1;
otherwise, reset it to 0.

AND (Logical AND) — Perform a logical AND operation on the contents of the
R-register and the contents of byte n of the LCT for this channel. Store the results
of this operation in the R-register.

OR (Inclusive OR) — Perform an inclusive OR operation on the contents of the

R-register and the contents of byte n of the LCT for this channel. Store the results
of this operation in the R-register.

CHANNEL CONTROL
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XOR (Exclusive OR) — Perform an exclusive OR operation on the contents of the
R-register and the contents of byte n of the LCT for this channel. Store the results
of this operation in the R-register.

TLU (Table Look-Up) — This instruction permits the contents of a “‘table location”
in RAM to be evaluated so as to produce either a “translation” of the contents of
that location or a branch to another location in the CCP. Appendix A provides a
sample use of the TLU instruction.

Examples:
LD 31
LD WORK
LD WORK+2

Format 3

Double operand instructions in this format refer to the R-register and an immediate

operand.

All of the double operand instructions usable in this format are valid in either

transmit or receive mode.

Format of Macro Call:
macro-name=operand(comments)

macro-name
LD C AND OR XOR

operand
An internal value expression that, when resolved, is an integer value from O to
255, inclusive. This integer value is an immediate operand, which is stored directly
after the byte that contains the op code. Note that the internal value expression
must be preceded by an equals sign (in the macro call).

Internal Format of Instructions:

CHANNEL CONTROL

MLCP: 0 l
byte n op code
immediate
byte n+l operand 0<IMO<+255
‘DLCP:
Instructions: LD AND OR XOR
Format: 0 7
byten op code
immediate
byte n+1 operand 0<IMO<+255
423
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Instruction: Compare (C)

Format: 0 ‘ 7
byte n op code
byte n+l v“g}‘;ﬁgﬁe
byte n+2 op code
byte n+3 op code -
byte n+4 - constant 0<IMO<+255

Description of Instructions '
LD (Load) — Load the immediate operand into the R-reglster

(Compare) — Compare the immediate operand with the contents of the R-Register.
If the comparison is equal, set the E-indicator to 1; otherwise, reset it to 0.

AND (Logical AND) — Perform a logical AND operation on the immediate operand
and the contents of the R-register. Store the results of this operation in the
R-register.

OR (Inclusive OR) — Perform an inclusive OR operation on the immediate operand
and the contents of the R-register. Store the results of this operation in the
R-register.

XOR (Exclusive OR) — Perform an excluswe OR operation on the immediate

operand and the contents of the R-register. Store the results of this operation in
the R-register.

Examples:
LD =X‘02’
LD =STX NOTE: Format must conform to the macro preprocessor.
LD =VAL+2

Input/Output Instructions

These instructions are used to transfer control, synchronization, transmit fill, status,
and character configuration information between the Processor R-register and the
appropriate line registers of a line adapter. The input/output instructions can also be
used to transfer data characters between the Processor and line register 1 of an adapter;
however, input/output instructions do not provide parity checking or generation,
cyclic redundancy checking, or receive overrun or transmit underrun checking and
notification.?

Format of Macro Call:

macro-name operand (comments) -

macro-name
IN,OUT

operand
An internal value expressmn that, when resolved, is an integer value from 0 to 7,

inclusive. This integer is the number of an adapter line register that will be read
or written.

NOTE: The line register must be legitimate for the connected adapter. If the
register does.not exist and the instruction is in the CCP, the IN or OUT
will be treated as no-op. The IN will cause the Rregister to be altered.

3 Cend/receive instructions, described in the following subsection, cffer these capabilities.

CHANNEL CONTROL
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Internal Format of Instructions:

MLCP: 0 34 5 7
opcode [ 0| LRn 0<n<+7
DLCP: 0 7
byte n call to firmware

subroutine

high-order firmware
absolute address
00X LRn | 00 LR n-0<in<+7

(where X=0 IN instruction
X=1 OUT instruction)

byte n+1

Description of Instructions:

IN (Input — Transfer the contents of adapter line register n to the R-register. Legiti-
mate values for n depend on the specific type of adapter being used. For the MLCP,
if an inappropriate line register is indicated by the operand of an IN instruction, an
undetermined value will be loaded into the MLCP’s R-register. For the DLCP if an
inappropriate line register is indicated by the operand of an IN instruction, this has
the same effect as a NOP.

If an operand of the IN instruction is 1, the contents of the receive channel’s line
register 1 will be loaded into the R-register; however, parity and/or cyclic redun-
dancy checking cannot be performed nor can a receive overrun be checked for and
reported.

OUT (Output) — Transfer the contents of the R-register to line register n of the
adapter. (Legitimate values for n depend on the specific type of adapter being used;
if an inappropriate line register is indicated by the operand of an OUT instruction,
the effect is the same as a NOP (No Operation) instruction.)

If the operand of the OUT instruction is 1, the contents of the R-register will be
transferred to the transmit channel’s line register 1; however, parity generation
and/or cyclic redundancy checking cannot be performed nor can a transmit under-
run be checked for and reported.

Examples:

- INS
IN DSS
OUT 2
OUT SIG

Send/Receive Instructions

These instructions are used to transfer data between the R-register and line register 1

of an adapter. Other information is transferred between the R-register and adapter line
registers by means of input/output instructions, which are described in the preceding
subsection. ’

Format of Macro Call:
macro-name operand [comments]

macro-name
SEND RECV

CHANNEL CONTROL
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operand
An internal value expression that, when resolved, is an integer value from O to 3,
inclusive. These integers have the followmg signifcance:
0 — During the data transfer, do not apply the parity or cyclic redundancy check

characteristics indicated in LCT byte 2 for a recelve ‘channel or in LCT byte

34 for a transmit channel.
1 — During the data transfer, apply the cyclic redundancy check characteristics
~ indicated in bits 5 and 6 of LCT byte 2 for a receive channel or of LCT
byte 34 for a transmit channel.

- 2 — During the data transfer, apply the parity characteristics indicated in bit 3
of LCT byte 2. for a receive channel or of LCT byte 34 for a transmit
channel. v

3 — During the data transfer, apply the parity and cyclic redundancy check char-
acteristics indicated in bit 3 and bits 5 and 6, respectively, of LCT byte 2 for
a receive channel or of LCT byte 34 for a transmit channel.

Internal Format of Instructions:

MLCP: 0 34 56 7
' byte n opcode |0 0| IVE O<IVE<+3
DLCP: 0 ' -7 '

byte n call for firmware

subroutine

high-order firmware
absolute address

byte n+2 01X nn ‘| 000 (where X=0 SEND
' X=1 RECV,

byte n+l

Description of Instructions:

SEND (Send) — Transfer the data character in the R-reglster to the transmit chan-
nel’s line register 1 of the adapter. Apply the parity and/or cychc redundancy check
characteristics indicated by the operand.

If parity is to be generated, the parity bit (the leftmost bit of the defined character
length) mus* be specified as a zero (when the data character is transferred from the

R-register to the transmit channel’s line register 1); the Processor generates the -

correct parity during the transfer to line register 1.

If both parity generation and a cyclic redundancy check a: - performed, correct
parity is generated by the Processor before the cyclic redun.ancy check is per-
formed; thus the cyclic redundancy check is performed on the data character includ-
ing generated parity. (Note that parity generation must not be performed on the
actual cyclic redundancy check characters transmitted at the end of a block.)

If, as a SEND instruction is executed, firmware detects a transmit underrun, bit 2
(data service error) of LCT byte 48 (LCT status byte 1) is set to 1.

RECYV (Receive) — Transfer, to the R-register, the data character in the receive chan-
nel’s line register 1 of the adapter. Apply the parity and/or cyclic redundancy check
characteristics indicated by the operand.
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If parity is to be checked, the parity bit (the leftmost bit of the defined character
length) may be either O or 1 as the data character arrives in the R-register. The parity
check includes all bits of the defined character length. If firmware detects a parity
error, bit 1 (data check error) of LCT byte 17 (LCT status byte 2) is set to 1.

If both a parity check and a cyclic redundancy check are performed, the cyclic
redundancy check is performed on the entire data character, including the parity
bit. (Note that the actual cyclic redundancy check characters received at the end of
a block normally do not include parity; therefore, a parity check should not be

performed on these characters.)

If, as an RECV instruction is executed, firmware detects a receive overrun, bit 2
(data service error) of LCT byte 16 (LCT status byte 1) is set to 1.

Examp‘les:

SEND 0 No parity, no block check

SEND PAR Parity

SEND PAR+CRC  Parity and block check

REV 0
RECV PAR
RECV PAR+CRC

Generic Instructions

Ten generic instructions are available to the CCP.

Format of Macro Call:

macro-name

macro-name [comments]

NOP WAIT GNB SFS CCH DEC RET SR INTR INZ

Internal Format of Instructions:

MLCP: All generic instructions have the following format.

DLCP:
Instructions:
Format:
Instructions:
Format:
CHANNEL CONTROL

PROGRAM

0 7
byten op code
NOP DEC SR
0 7
byte n op code ]
WAIT GNB SFS CCH INTR INZ
' 0 7
call to firmware
. byte n subroutine
high-order
byte n+1 firmware
absolute address
low-order
byte nt+2 firmware
absolute address
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Instruction: RET

Format: 0 i 7
byte n op code
byte nt+l - _constant
byte n+2 op code
byte n+3 constant

Description of Instructions:

NOP (No Operatiori) — No operation is performed. (This instruction must be used as
the last instruction of each CCP to guarantee one complete final word of input to
the Assembler.) '

WAIT (Wait) — Suspend execution of this CCP. Store, in the appropriate LCT, the

contents of the P-register, R-register, and program indicators. (These contents will
be restored when this CCP is again serviced by the Processor.)

GNB (Get Next Block) — Transfer the contents of the LCT status bytes to the status
field of the “‘active” CCB; at the same time, set the CCB status complete bit to 1,
interrupt the CPU if the “‘I” bit (bit 0 of CCB control byte) is set, and reset to O the
entire CCB control field; next, move the “active’” CCB pointer to the following CCB
in the list for this channel. (The next format 1 LD (Load) or ST (Store) instruction
will refer to this “new” CCB.)

SES (Search for Synchronization) — The appropriate receive channel of a synchro-
nous line adapter is placed in “‘search for synchornization character” mode.

Normally, this instruction should be followed by a WAIT (Wait) instruction because
a channel request interrupt (from the channel serviced by this CCP) will not be
generated until a synchronization character is detected.

CCH (Calculate Block Check) — Perform a cyclic redundancy check on the contents
of the R-register; update the cyclic redundancy check residue in the appropriate
LCT bytes.

DEC (Decrement R-Register) — Decrease by 1 the contents of the R-register.

RET (Return From Subroutine) — Restore to the P-register the 12-bit CCP address
stored in firmware-reserved LCT bytes when a BS (Branch to Subroutine) instruc-
tion was executed.

SR (Shift R-Register Right) — Shift all bits in the R-register one bit position to the
right. The rightmost bit is lost and a 0 is added at the leftmost bit position in the
R-register.

One use of this instruction is to right justify, in LCT byte 3 or 35, the six most
significant bits of 12-bit cyclic redundancy check residue.

INTR (Interrupt CPU) — Cause the Processor to interrupt the CPU unconditionally
on behalf of the channel that issued the INTR instruction unless the interrupt level
zero. This instruction is independent of any block boundary or other CCP instruc-
tion. CCP execution will proceed following execution of this instruction. (Refer to
Appendix A for further details on this instruction.)
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INZ ( CCP-Initiated Soft Initialize) — Cause the Processor to perform a soft initialize.
This causes operation to cease on all Processor lines. This instruction is used prima-
rily in a debug environment. When used in conjunction with a branch to subroutine
instruction (BS) and the INTR instruction, a breakpoint can be created. The BS
instruction loads LCT byte 18/50 and LCT byte 19/51 with a 12-bit return address
which indicates the location where the breakpoint occurred.

The soft initialize function itself is described in Section 2.

Examples:
The generic type instructions do not have operands and therefore are coded as is,
e.g.,

NOP

GNB

INTR

CHANNEL CONTROL
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Section 5
Line Control Tables

Line control tables (LCTs) are line-specific data structures in the Processor RAM.
Space for eight LCTs of 64 bytes each exists at the low end of RAM (see Figures 1-2
and 1-3). The LCT for line O extends from RAM byte O to byte 63; the remaining
LCTs are arranged by ascending order of line number up to the LCT for the final line
(line 2 for the DLCP, line 7 for the MLCP).

Each LCT is dedicated to one communications line. The LCT stores line-specific
configuration, setup, status, and control information used during communications
processing. The LCT is of key importance to Processor operations because it is visible
to, and alterable by, the main memory program (through input/output instructions),
the CCP, and Processor firmware.

An LCTs 64 consecutive bytes are divided so that the first 32 (LCT bytes O through
31) are dedicated to the receive (even-numbered) channel of the line and the second 32
(LCT bytes 32 through 63) are dedicated to the line’s transmit (odd-numbered)
channel. Each of the 32 bytes of the “receive” side of the LCT has a direct counterpart
on the “transmit” side. Throughout this section, descriptions of LCT bytes are arranged
so that one narrative pertains to both an LCT “receive” byte and to its “transmit”
counterpart. A slash is used to join the two equivalent bytes—e.g., LCT byte 2/34.

The general function of each LCT byte is listed in Table 5-1. Notice that a number
of LCT bytes are reserved for firmware use. Notice also that only certain of the remain-
ing LCT bytes may be modified by a CCP.

TABLE 5-1. SUMMARY OF LINE CONTROL TABLE BYTES

LCT Byte

Number Contents

0 Receive Firmware Use Only

1 Receive Firmware Use Only

2 Receive Character Configuration

32 Receive Cyclic Redundancy Check Residue — Byte 1

48 Receive Cyclic Redundancy Check Residue — Byte 2

5 Receive Firmware Use Only

6 Receive CCP Pointer — Four Most Significant Bits

7 Receive CCP Pointer — Eight Least Significant Bits

g4 Receive Change Control for Data Set and Communications-Pac Status
9 Receive Firmware Use Only

10 Receive Firmware Use Only

11 Receive Firmware Use Only

12 Receive Return Channel Number — Eight Most Significant Bits -

13 Receive Return Channel Number — Two Least Significant Bits and Interrupt Level
14 Receive Data Set and Communications-Pac Status '

153 Receive Mask for Data Set and Communications-Pac Status

162 Receive LCT Status — Byte 1

172 Receive LCT Status — Byte 2
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TABLE 5-1 (cont). SUMMARY OF LINE CONTROL TABLE BYTES

LCT Byte

Number Contents

18 Receive Firmware Use Only

19 Receive Firmware Use Only

202 Receive/Transmit Data Set and Communications-Pac Control
21 Receive Firmware Use Only

22 Receive Firmware Use Only

233 Programming Work Area

243 Programming Work Area

253 Programming Work Area

262 Programming Work Area

278 Programming Work Area

283 Programming Work Area

292 Programming Work Area

302 Programming Work Area

312 Programming Work Area

32 Transmit Firmware Use Only

33 Transmit Firmware Use Only

34 Transmit Character Configuration

358 Transmit Cyclic Redundancy Check Residue — Byte 1

362 Transmit Cyclic Redundancy Check Residue — Byte 2

37 Transmit Firmware Use Only

38 Transmit CCP Pointer — Four Most Significant Bits

39 Transmit CCP Pointer — Eight Least Significant Bits

402 Transmit Change Control for Data Set and Communications-Pac Status
41 Transmit Firmware Use Oniy '
42 Transmit Firmware Use Only

43 Transmit Firmware Use Only

44 Transmit Return Channel Number — Eight Most Significant Bits
45 Transmit Return Channel Number — Two Least Significant Bits and Interrupt Level
46 Transmit Data Set and Communications-Pac Status

473 Transmit Mask for Data Set and Communications-Pac Status
482 Transmit LCT Status — Byte 1

492 Transmit LCT Status — Byte 2

50 Transmit Firmware Use Only

51 Transmit Firmware Use Only

528 Programming Work Area

53 Transmit Firmware Use Only

54 Transmit Firmware Use Only

55 Reserved for Input LCT Byte Address (if used)

562 Programming Work Area

572 Programming Work Area

582 Programming Work Area

592 Programming Work Area

602 Programming Work Area

612 Programming Work Area

622 Programming Work Area

632 Programming Work Area

This byte may be modified by the CCP.
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iy,

Because each LCT is independent and pertains to only one communications line, it
cannot be used for operations pertaining to any other line. If, for example, a given CCP
is exclusively associated with line 0, it can never gain access to the LCT for line 1.
(Even if a CCP services several lines, it has a separate, line-specific relationship with
each LCT that is dedicated to one of the lines it services.)

An LCT must be properly set up as one of the preliminary steps before data
transfers can begin over the associated communications line. The LCT must first be
initialized to 0 — by the MLCP Loader or by the use of an 10 (Output MLCP/DLCP
Control) or 10 (Output Channel Control) instruction in the main memory program.
Next, certain LCT bytes must be written with control information from main memory.
(Normally, these are LCT bytes 2/34, 6/38, 7/39, 8/40, 12/44, 13/45, 15/47, 20/52,
and at least one byte in the LCT programming work area; this last byte is normally
used to load line register 4 of the associated adapter.)

The LCT bytes can be initially written by the use of the Honeywell-supplied MLCP
Loader or by a block mode write from the main memory program; alternatively, LCT
bytes can be written by 10 (Output LCT Byte) and IO (Output Interrupt Control)
instructions from the main memory program. The values to be written into the LCT
bytes can be established by the use of DC (Define Constants) Assembler control
statements in the main memory program.

The remainder of this section provides a detailed description of those LCT bytes
that have user-visible significance. In addition, a detailed layout of all LCT bytes
appears at the end of this section.

LCT BYTE 2/34 — CHARACTER CONFIGURATION

Description:

This byte describes the data characters to be processed. It records character length,
character parity, number of stop bits, and type of cyclic redundancy check poly-
nomial. The contents of this byte are used as input when line register 6 of an adapter
is loaded.

NOTE: Not all information in this byte is meaningful to the ada'pter; see the des-
criptions of line register 6 in the appropriate appendix for the adapter in
question.

Programming Considerations:

This byte must be loaded and maintained from the main memory program. This
byte should not be modified by the CCP. Note that bits 2 and 7 of this byte must
always be 0.

Byte Layout:

0 | 1 2 3 4 5 i 6 7
v
2 CHARACTER 0 CHARACTER [STOPBITS | CYCLIC REDUNDANCY o
LENGTH ‘ PARITY SYNCHRONQUS CHECK POLYNOMIAL
0
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Bits 0 and 1 — character length
00 - 5 bits — 5-bit data only, parity not allowed
01 - 6 bits — 6-bit data or 5-bit data with parity
10 - 7 bits — 7-bit data or 6-bit data with parity
11 - 8 bits — 8-bit data or 7-bit data with parity
During processing, the character length specified in this byte must be the
same as the character length specified in line register 6. Parity, if used, is
stored in the leftmost bit of the character length defined here. The unused
bits must be zero for the parity generation to be correct.
Bit 3 —character parity .
0 —Odd parity.
1 —Even parity.
All character parity checking and generation is based on the setting of this
bit. MLCP or DLCP firmware performs parity checking for characters loaded
into the R-register by an RECV (Receive) instruction whose operand value is
2 or 3. Processor firmware performs parity generation for characters loaded
into a transmit channel’s line register 1 of an adapter by a SEND (Send)
instruction whose operand value is 2 or 3.
Bit 4 —number of stop bits per data character (asynchronous line adapters only)
0 —1 stop bit per 5-, 6-, 7-, or 8-bit data character.
1 —1.5 stop bits per 5-bit data character.
1 —2 stop bits per 6-, 7-, or 8-bit data character.
Bits 5 and 6 — cyclic redundancy check polynomial

00-x!6+x'5+x%+1 Used for 8-bit or 7-bit with parity; IBM
~ BSC CRC-16 code.
01-x'8+x!'2+x5+1 Used for 8-bit or 7-bit with panty, CCITT

HDLC and. Transparent Mode ASCII
code (MLCP only; not applicable for.

' DLCP)
10-x'2+x!" +x3 +x2 +x+1 Used for 6-bit or 5-bit with parity; CRC-12
' Transcode
11-x3+1 ’ Used for 7-bit with parity; LRC — Basic

Mode ASCII code

The settings of these bits govern which one of four polynomials will be used
when cyclic redundancy checking is performed. Cyclic redundancy check-
ing is performed by hardware in the MLCP and by a firmware table look up
in the DLCP. Cyclic redundancy checking is performed by execution of the
CCH (Calculate Block Check) instruction in the CCP and by the execution of
SEND (Send) and RECV (Receive) instructions whose operand values are
1or3.

More information regarding cyclic redundancy checking appearsin Section 6.

LCT BYTES 3/35 AND 4/36 — CYCLIC REDUNDANCY CHECK RESIDUE
Description:

These bytes store residue following a cyclic redundancy check. More information
regarding cyclic redundancy checking appears in Section 6.

Programming Considerations:

The cyclic redundancy check polyriomial is specified in bits 5 and 6 of LCT byte
2/34. Cyciic redundancy checking is performed by MLCP hardware or DLCP firm-
ware during execution of the CCH (Calculate Block Check) instruction and during
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execution ot SEND (Send) and RECV (Receive) instructions whose operand values
are 1 or 3. The resultant cyclic redundancy check residue in LCT bytes 3/35 and
4/36 may be examined from the CCP. These bytes must be initialized by the CCP or
the main memory program whenever a block CRC calculation is restarted.

The appropriate initial value for LCT byte 3/35 and 4/36 is all 1s for a CRC poly-
nomial code equal to 01 (HLDC) (MLCP only). For the other CRC polynomial
codes (CRC 16, LRC, CRC 12), the appropriate initial value is all zeros (MLCP and
DLCP). The program, typically the CCP, must ensure that these initial values are
provided.

Byte Layout:

The format of these bytes is governed by which cyclic redundancy check polynomial
is used; see Section 6.

LCT BYTES 6/38 AND 7/39 — CCP POINTER

Description:

These bytes store the 12-bit RAM address at which the CCP will begin execution
when it is started again. When the Processor services this CCP, this RAM address
will be loaded into the P-register (program counter).

Programming Considerations:

The initial starting address of the CCP must be written into these bytes from the
main memory program.

During processing, Processor firmware uses these bytes to store the contents of the
P-register whenever the CCP executes a WAIT (Wait) instruction or whenever a
firmware pause occurs (MLCP only) or the executing CCP is swapped out (DLCP).
When the CCP resumes, firmware restores the contents of these bytes to the
P-register, thereby allowing the CCP to begin at its next sequential instruction.

The contents of these bytes may be modified from the main memory program, if
you wish to have the CCP resume at an address other than the one stored here. IO
(Output LCT Byte) instructions can be used for this purpose. However, the CCP
must not be running at the time or the results are unspecified.

When LCT byte 6/38 is written, bits O through 3 must always be reset to zero.
These bytes must not be modified by the CCP.
Byte Layout:

0 | 1 | 2 | 3 4 | 5 | 6 . | 7
6/38 4 0 0 0 MOST SIGNIFICANT BITS
7/39 c : LEAST SIGNIFICANT BITS
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'LCT BYTE 8/40 — CHANGE CONTROL FOR DATA SET AND
ADAPTER STATUS

- Description:

This byte may be written from the CCP to control (1) whether the Processor firm-
ware will scan for changes in data set status and line adapter (Communications-
Pac) status, recording these changes in LCT byte 14/46 and (2) what- action(s) will
be taken when a status change is recorded. (A mask in LCT byte 15/47 governs
exactly which types of status change will cause LCT byte 14/46 to be updated with
-the contents of adapter line register 5.)

. Programming Considerations: . -

This byte may be initially written froni the main memory program or from the
CCP. It may subsequently bé changed by either program — at points-in time appro-
priate to the communications apphcatlon

Whenever this byte is written, bits 4 through 7 must always be reset to zero. If bits
2 and 3 are both set to 1, only bit 2 (terminate the active CCB and interrupt the
main memory program) w111 be. acted upon when a data set or adapter status change
is recorded in LCT byte 14/46. '

Refer also to the programming guidelines in Appendix A.

Byte Layout:
0 . 1 2 3 . a . - 6 ;
{ | |
SET BIT INTERRUPT START
SCAN orier MAIN CHANNEL ’
8/40|  conTROL . | BYTE 17/48 MEMORY CONTROL "0 0 o °
IF CHANGE PROGRAM PROGRAM
' IF CHANGE IF CHANGE

Bit 0 —scan control : '

0 —The Processor ﬁrmware will not scan adapter line register 5 for changes in
data set status and adapter status. '

1 —The Processor firmware will scan adapter line register 5 for changes in data
set status and adapter status. Firmware will write the entire contents of line
register 5 into LCT byte 14/46 whenever it detects a difference between the
contents of a bit position in line register 5 and the contents of the same bit
position in LCT byte 14/46 (provided there is a 1 in the corresponding bit
position of the mask contained in LCT byte 15/47). Next, the action(s)
specified in bits 1, 2, and 3 of LCT byte 8/40 will be taken.

Bit 1 —set bit 3 of LCT byte 17/49 if change
0 —No action.
1 —When a data set or adapter status change is recorded in LCT byte 14/46,
_ set to 1 bit 3 of LCT byte 17/49 (LCT status byte 2).
Bit 2— interrupt main memory program if change (refer also to LCT status byte
' 16/48) .

0 —No action.

1 —When a data set or adapter status change is recorded in LCT byte 14/46,
terminate the active CCB and interrupt the main memory program at the
interrupt level established for this channel. (Ignore the setting of bit 3 of
this byte and set bit 1 of LCT status byte 16/48.)
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Bit 3— start CCP if change
0 —No action.
1 —When a data set or adapter status change is recorded in LCT byte 14/46,
start the CCP. (This action will be taken only if bit 2 of this byte is reset
to 0.)

LCT BYTES 12/44 AND 13/45 — RETURN CHANNEL NUMBER AND
INTERRUPT LEVEL
Description.

These bytes may be used to store the 10-bit return channel number and the interrupt
level that will be placed on the Megabus or Model 23 bus whenever the main memory
program is interrupted from this channel. (The return channel number is the central
processor’s channel number.)

Programming Considerations:

The use of these bytes is optional. They are required if the main memory program
is to be interrupted from this channel.

The contents of these bytes can be established as part of the block transferred to
RAM by the MLCP Loader or by a block mode write. Alternatively, the contents
of these bytes can be established (or modified) from the main memory program by
use of one IO (Output Interrupt Control) instruction.

These bytes must not be written from the CCP.
Byte Layout:

0 L 1 | 2 3 ' 4 t 5 l 6 7
12/44 RETURN CHANNEL NUMBER—MOST SIGNIFICANT BITS

RETURN CHANNEL
13/45 NUMBER-LEAST INTERRUPT LEVEL

SIGNIFICANT BITS

LCT BYTE 14/46 — DATA SET AND ADAPTER STATUS
Description:

This byte is used torecord changes in data set status and adapter status if bit O of
LCT byte 8/40 is set to 1 and one or more bits of a mask in LCT byte 15/47 are also
set to 1. If these conditions exist, Processor firmware will write the entire contents
of adapter line register 5 into LCT byte 14/46 whenever it detects a difference
between the contents of a bit position in line register 5 and the contents of the same
bit position in LCT byte 14/46 (provided there is a 1 in the corresponding bit posi-
tion of the mask contained in LCT byte 15/47). Subsequent action(s) depend on the
settings of bits 1, 2, and 3 of LCT byte 8/40.

LCT byte 14/46 is not used by the Processor firmware if bit O of LCT byte 8/40 is
reset to O.
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Programming Considerations:

The contents of this byte may be examined by the CCP, but the CCP must not
modify the contents.

Proper settings of bits 1, 2, and 3 of LCT byte 8/40 permit appropriate actron(s)
to be taken when a data set or adapter status change is recorded in LCT,byte 14/46.

Additional information on this subject appears in Section 6.
Byte Layout (Typical): See the appendixes for specific adapters.

0 T 2 .3 4 5 6 7

] DATA SET STATUS ’ . . ADAPTER STATUS
" ] ASYNCH. SECON-
DARY CHL. RECV. k . FRAMING
‘DATASET | CLEAR | cammieR | ®mwGg  |ToTooo-o-- ' - | erroR
DATA SET CLEAR CARRIER RING receive < | ERROR
14/46 1 geapy TO SEND DETECTOR INDICATOR | SYNCH. RESERVED|.  RESERVED OVERRUN | s
' BROADBAND ) TRANSMIT
ADAPTER READY ) UNDERRUN

Each bit position has only one meaning, regardless of whether the LCT byte relates

to a receive channel (LCT byte 14) or to a transmit channel (LCT byte 46). The

meanings of bits 0, 1, 2 and 3 are given in appropriate Bell System Technical Refer-
ences. Bits 4 through 7 are adapter-specific and the reader should refer to the appro-
priate appendix. The description below is typical.

Bit 4 —secondary channel receive (asynchronous line adapters only)
Secondary channel receive is described in appropriate Bell System Technical
References (see Preface). '
Bit 4 —adapter ready (Broadband Communications-Pac) (MLCP only)
Transmit
0 — Adapter data buffer full.
1 — Adapter data buffer not full
Receive
0 —Character in adapter data buffer.
1 —Adapter data buffer empty.
Adapter ready is applicable to Broadband Communications-Pacs that contain
a first-in, first-out buffer. In the case of the broadband pacs, this buffer is 64
characters. On receive, characters from the line are put into one end of the
buffer and the CCP retrieves characters from the other end, thus allowing
much greater timing variation. On transmit, the operation is just the opposite.
Refer to the next paragraph also.
On receive, adapter ready = 1 whenever there is one or more characters in the
FIFO buffer requiring processing. The adapter ready condition will be made
known to the MLCP by the condition of bit 4 of line register 5. When either
the BART or BARF instruction is executed, the MLCP firmware inputs line
register 5 and branches on the condition of bit 4. Non-broadband adapters
make a more general use.of this bit (refer to the definition of the BART and
BAREF instructions in Section 4).
Bit 6 —receive overrun (this bit may be on before receiver is activated; see
Appendix A).
0 —No receive overrun has occurred.
1 — A receive overrun has occurred. The adapter was not serviced fast enough by
the receive CCP and one cor more data characters have been overwritten (and
thus lost) in a receive channel’s line register 1 of the adapter.
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Bit 7— framing error (asynchronous line adapters);
transmit underrun (synchronous line adapters) :
For asynchronous line adapters, the values of bit 7 have the meanings
described below.

0 — No framing error has occurred. (See Appendix A.)

1 — A framing error has occurred; the asynchronous line adapter has detected a

missing stop bit. (The preceding data bits should be analyzed to ascertain
whether a line break has occurred.)
Bit 7 normally indicates a transmit underrun error but on the asynchronous
adapters it is used to indicate a framing error. The transmit send order picks
up this bit and sets data error bit 2 of LCT byte 16/48. Since there is no
transmit underrun error for asynchronous adapters, the channel program
should reset this bit or output two null characters to LR1 (OUT 1) after
bit 7 of LCT byte 20 (line register 2) is turned on. This also clears the error.
For synchronous line adapters, the values of bit 7 have the meanings des-
cribed below.

0 —No transmit underrun has occurred.

1 —A transmit underrun has occurred. The adapter was not serviced fast enough
by the transmit CCP and the transmit fill character (usually SYN) in the
transmit channel’s line register 4 of the adapter has been sent instead of a
data character. Normally this is not a fatal condition for character-oriented
procedures but is fatal for bit-oriented procedures, e.g., high-level data link
(HDLC) procedure.

LCT BYTE 15/47 — MASK FOR DATA SET AND ADAPTER STATUS
Description:

If bit 0 of LCT byte 8/40 is set to 1, LCT byte 15/47 is used as a mask. The mask
governs which changes in data set status and adapter status will cause (1) the entire
contents of adapter line register 5 to be written into LCT byte 14/46 and (2) sub-
sequent action(s) to be taken based on the settings of bits 1, 2, and 3 of LCT byte
8/40.

Each of the bit positions in the mask corresponds to the status category indicated
by that same bit position in LCT byte 14/46 and in line register 5 of the adapter.
If a bit in the mask is set to 1, the action described in the preceding paragraph will
occur whenever a Processor firmware scan reveals that the contents of that same bit
position in line register 5 are not identical to the contents of that bit position in
LCT byte 14/46.

Programming Considerations:

This byte may be initially written by the main memory program or the CCP. It may
subsequently be modified, as needed, by either program.

Byte Layout:

[1] 1 2 3 4 5 6 7

15/47 MASK
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Bits O through 7 — mask
Each bit position in the mask corresponds to the status category indicated
by the same bit position in LCT byte 14/46 and in line register 5 of the
adapter. The mask must contain a 1 in each bit position for which a status
discrepancy between LCT byte 14/46 and line register 5 is to cause the action
described above.

LCT BYTES 16/48 AND 17/49 — LCT STATUS

Description:

These two bytes are used by Processor firmware to store certain status and error
information while a given CCB is active. The information begins to be collected
when processing siarts relative to the ““active” CCB. When processing ends relative to
this CCB, the contents of these two bytes are combined with other information and
transferred to the status field (bytes 6 and 7) of the CCB.

Programming Considerations:

These two bytes may be examined by the main memory program — through the 10
(Input LCT Status) instruction — and by the CCP — through format 2 LD (Load)
instructions. The CCP may set and reset bits 5 and 6 of LCT byte 16/48, as appro-
priate; these bits are shown shaded in the byte layouts below (Figures 5-1 and 5-2
for the MLCP and DLCP, respectively). It is important to note that the LCT status
bytes are dynamic and continually subject to change by Processor firmware during
processing related to the ““‘active” CCB.

When CCB is terminated, the contents of LCT byte 16/48 (LCT status byte 1) are
combined with other information and moved to byte 7 of the CCB. The contents of
LCT bytc 17/49 (LCT gtatug byte 2) are comhined with other information and
moved to byte 6 of the CCB. (The complete format of the CCB status field is shown
in Section 3.)

0 1 2 3 4 5 6 7
cPu cpu
16/48 INTERRUPT INTERRUPT DATA cc
LCT STATUS | FROMINTR FROM DATA SERVICE 0 SERVICE RESERVED
BYTE 1 INSTRUCTION SET STATUS ERROR ERROR
CHANGE
DATA SET OR
17/49 DATA COMMUNICA- CORRECTED
LCT STATUS RESERVED CHECK 0 TIONS-PAC MEMORY 0 0 0
BYTE 2 ERROR STATUS ERROR
CHANGE

NOTE: The bits that may be modified by the CCP are shown shaded.

Figure 5-1. LCT Status Bytes 1 and 2 (MLCP)
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[¢]

1

16/48 cPy
INTERRUPT
T, U
FE S| From INTR
INSTRUCTION

CPU
INTERRUPT
FROM DATA
SET STATUS
CHANGE

DATA
SERVICE
ERROR

RESERVED

17/49
LCT sTATUS | RESERVED

DATA
CHECK
ERROR

DATA SET
OR COMMU-
NICATIONS- 0
PAC STATUS
CHANGE

CORRECTED
MEMORY
ERROR

NOTE: The bits that may be modified by the CCP are shown shaded.

Figure 5-2. LCT Status Bytes 1 and 2 (DLCP)

LCT Byte 16/48 (Description):

Bit 0 — Interrupt main memory program from INTR instruction in CCP

0 —No action.

1 —Interrupt main memory program from INTR instruction in CCP.
Note that the INTR instruction can also be used as an error escape from
channel program that has detected an abort condition.
Bit 1 —Interrupt main memory program from data set status change (see also
Appendix A)

0 —No action.

1 —Data set scan has detected a data set status change and bit 3 of LCT byte
8/40 is on. The main memory program has been interrupted.

NOTE: The Input Next CCB Status instruction issued after the interrupt
usually results in a CCB status equal to zero. If this is the case, LCT
byte 16/48 can be input by the Input LCT Byte instruction and the
type of interrupt can then be determined.

Bit 2 —data service error

0 —No data service error has occurred. v

1 — A data ““timing window™ has been missed. On receive, the adapter has
detected a receive overrun (see bit 6 of LCT byte 14/46). On transmit the
adapter has detected a transmit underrun (see bit 7 of LCT byte 14/46).

Bit 4 —CCB service error

0 —No CCB service error has occurred.

1 —On receive, a format 1 ST (Store) instruction has been attempted and

there is no ‘“‘valid”” CCB. (The Processor firmware will set this bit to 1 and
proceed to the next sequential instruction in the CCP.) Data characters
will be lost if they are received by CCP RECV (Receive) instructions while
there is no valid CCB. The adapter will not set the receive overrun bit in line
register 5 so long as the CCP continues to execute RECV instructions and
accept the data characters from the adapter.
On transmit, a format 1 LD (Load) instruction has been attempted and
there is no “‘valid” CCB. (The Processor firmware will set this bit to 1, return
the CCP pointer to the address of this LD instruction, and execute a WAIT
(Wait) instruction. At the next channel request interrupt for this channel,
this instruction will be attempted again. The significance of this firmware
action is specific to the related adapter and line protocol.)
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Bits 5 and 6 — for programming use : )
These two bits may be used by the CCP as indicators to the main memory
program. For example, these bits could be used to indicate (1) the type of
CDB (such as header, text, or end of transmission) to which this CCB is
related or (2) that a cyclic redundancy check error has been detected (if bit 1
of LCT byte 17/49 is not used for this purpose). :

LCT Byte 17/49

‘Bit 1 —data check error

0 —No data check error has occurred.

1 —A data parity error has been detected by firmware, or the CCP has set thls
bit after detecting a cyclic redundancy check error. (In both cases, this bit
setting is relevant only for a receive operation and hence only for LCT
byte 17.)

Bit 3 —data set or adapter status change .

0 —The condition described for bit value 1 does not ex1st

1 — A data set or adapter status change has been recorded in LCT byte 14/46
and bit 1 of LCT byte 8/40 was set to 1.

Bit 4 —(MLCP only) corrected memory error. For DLCP, this bit =0
0 — No corrected memory error has occurred.
1 —One or more hardware-corrected memory errors occurred in the CDB related

to this CCB.
Bit 5 —=0
Bit 6 —=0

Bit 7 —(DLCP only) corrected memory error. For MLCP, this bit = 0.
0 —No corrected memory error has occurred.
1 —One or more hardware-corrected memory errors occurred in the CDB related
to this CCB. :

LCT BYTE 20 — DATA SET AND ADAPTER CONTROL
Description:

This byte is used to load adapter line register 2 with data set and adapter control
information; the contents of this byte are not meaningful until they have been
loaded into line register 2. The significance of the information in this byte depends
on the type of data set and adapter in use.

Programming Considerations:

This byte may be written and maintained from the main memory program or CCP.
Its contents may be changed and line reglster 2 loaded at times appropriate to the
communications application.

Line register 2 of an adapter line is shared by a receive channel and a transmit
channel. Moreover, each bit position in line register 2 has only one meaning for both
channels. Therefore, line register 2 is loaded from LCT byte 20. If the receive chan-
nel is to be serviced by one CCP and the transmit channel is to be serviced by
another CCP — and if simultaneous data transfers will occur over the line either CCP
must perform an inclusive OR operation on the contents of LCT byte 20, loading
the result into line register 2.
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( Byte Layout:

(Typical RS232 Application) (Refer also to the appendixes for each

individual adapter.)

1

2

5

DATA SET CONTROL COMMUNICATIONS-PAC CONTROL
ASYNCHRONOUS | ASYNCHRONOUS | ASYNCHRONOUS
SECONDARY | TRANSMIT TRANSMIT
CHANNEL SPACE MARK g
20 TERMINAL REQUEST TRANSMIT |- -—===-===|-== = ~—==- o RECEIVE TRANSMIT
READY TOSEND  j--m o e -~ SYNCHRONOUS | SYNCHRONOUS TEST ON
SYNCHRONOUS | SPEED DIRECT
NEW SYNC SELECT CONNECT

The meanings of bits 0, 1, and 2 are given in appropriate Bell System Technical

References (see Preface).

Bit 3 —transmit space (asynchronous line adapters): speed select (synchronous line

adapters)

For asynchronous line adapters, the values of bit 3 have the meanings des-

cribed below.
0 —Transmit data supplied from the CCP.

1 —Hold the data output in a space (logical 0) condition. The asynchronous line
adapter will continue to generate channel request interrupts at the normal
character rate. (If the transmit space feature is to be used, a CCP must first
“flush” the adapter by sending two padding characters after sending the last

meaningful data character.)!

For synchronous line adapters, bit 3 is used only if the data set supports
data transfers at either of two speeds; bit 3 indicates which speed is desired.
These speeds are defined in appropriate Bell System Technical References

-

(see Preface).

Bit 4 —transmit mark (asynchronous line adapters); direct connect (synchronous

line adapters)

For asynchronous line adapters, the values of bit 4 have the meanings des-

cribed below.
0 — Transmit data supplied from the CCP.

1 —Hold the data output in a mark (logical 1) condition. The asynchronous line
adapter will continue to generate channel request interrupts at the normal
character rate. (If the transmit mark feature is to be used, a CCP must first
“flush’” the adapter by sending two padding characters — usually DEL —
after sending the last meaningful data character.)?

For synchronous line adapters, the values of bit 4 have the meanings des-

cribed below.

0 —The data set block is enabled and used (the normal case).
1 —The MLCP’s fixed-rate clock or the DLCP switch-settable clock for the line
in question is enabled and used (the data terminal equipment is direct-

connected to the synchronous line adapter).

! Transmit space and transmit mark are mutually exclusive. Therefore, bits 3 and 4 of LCT byte 20 must not both

( a be set to 1 if an asynchronous line adapter is in use,

2Ibid.
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Bit 5 —“loop-back” test

0 —No “loop-back” test. '

1 —“Loop-back™ to the adapter’s receive channel the data sent to the transmit
channel of the same line. For asynchronous line adapters, the data transfer
will take place at the line speed indicated in bits 4 through 7 of line register
4 of the adapter. For synchronous line adapters, the data transfer will
take place at the speed of the MLCP’s fixed-rate clock or the DLCP’s switch-
settable clock.

Bit 6 —receive ON
0 —Set the receiver OFF for this communications line.
1 —Set the receiver ON for this communications line.
Bit 7 —transmit ON
0 —Set the transmitter OFF for this communications line.
1 —Set the transmitter ON for this communications line.

PROGRAMMING WORK AREA

LCT bytes 23 through 31, 52, and 56 through 63 are available to the communica-
tions application as channel- and line-specific work areas to be used as necessary. These
bytes may be written and read by the CCP; they may also be written by the main mem-
ory program — through IO (Output LCT Byte) instructions. (LCT byte .55 which was
formerly a work byte is now used by the Input LCT Byte instruction. When used by
the Input LCT Byte instruction, the address is a 6-bit quantity located in bits 2
through 7. Bits O and 1 are ignored by the firmware. This byte can be used by the
channel program for temporary storage if the main memory program reloads LCT byte
55 before executing each Input LCT Byte instruction.

Normally, one of these bytes is used to load line register 4 of the adapter since no
other LCT byte is used for that purpose.

LAYOUT OF LCT BYTES

This subsection presents a detailed layout of each byte in a line control table (LCT).
The purpose is to indicate (1) how each bit position of an LCT should be set up before
communications processing begins over the related channels and (2) how each bit posi-
tion of each LCT byte is used after communications processing has begun.

The following key applies to the LCT layout. One of the terms appears in the lower
right-hand corner of each bit position.

1 (A/B/C)— This bit position must be written with an appropriate value by software

before communications processing begins; the value of this bit position

affects hardware/firmware operations. (Distinctions among 1A, 1B, and

1C are described below.)

1A This bit position may be modified by software at appropriate
times after communications processing has begun.

IB This bit position may be modified by the main memory pro-
gram — but not by the CCP — at appropriate times after com-
munications processing has begun.

IC This bit position normally should not be modified by software
after communications processing has begun.

2 (A/B/C)— This bit position may be written with an appropriate value by software
before communications processing begins; the value of this bit position
affects hardware/firmware operations. (Distinctions among 2A, 2B, and
2C are described below.)
2A This bit position may be modified by software at appropriate

times after communications processing has begun.
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2B This bit position may be modified by the main memory pro-
gram — but not by the CCP — at appropriate times after com-
munications processing has begun.

2C This bit position normally should not be modified by software
after communications processing has begun.
3 — This bit position may be used by software as required, the value in
this bit position does not directly affect hardware/firmware operations.
This bit position may be written with an application-specific value
before communications processing begins and/or it may be modified at
appropriate times thereafter.
4 (A/B/C)— This bit position must be reset to 0 before communications processing
begins. Thereafter it is maintained by firmware. (Distinctions among
4A, 4B, and 4C are described below.)
4A This bit position may be read by the CCP at appropriate times
after communications processing has begun. The CCP may reset
this bit position to O, when appropriate.

4B This bit position may be read by the CCP at appropriate times
after communications processing has begun. The CCP should not
modify this bit position, however.

4C This bit position’s contents should not be consulted by software.

5 — This bit position must be reset to 0 before communications processing
begins. Thereafter is not used.

A detailed description of those LCT bytes of user-visible significance appears earlier

in this section. In a few cases, a bit position’s significance depends on the type of
adapter used for the line to which the LCT is related.
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Section 6

Processor Interfaces

This section describes the following subjects, all of which relate to interfaces
between the Processor and either the main memory program or data communications
equipment/lines:

Processor channel number addressing from main memory program
Processor interrupts to main memory program

Processor control of data sets and adapters

Processor monitoring of data set and adapter status

Processor parity checking and generation

Processor cyclic redundancy checking

Data transfer rates for Processor communications lines

©O OO0 O0OO0O0O0

PROCESSOR CHANNEL NUMBER ADDRESSING FROM MAIN
MEMORY PROGRAM

As described in Section 2, whenever the main memory program issues an input/
output instruction to the Processor, it must provide a 10-bit channel number (along
with an appropriate 6-bit function code). This information is placed on the Megabus
(MLCP) or Model 23 bus (DLCP) during execution of the input/output instruction.
The 10-bit channel number identifies a specific MLCP or DLCP (as distinguished from
any other physical unit on the Megabus/bus) and one of the Processor’s 16 communi-
cations channels.

The 10 bits of the channel number are divided into two parts: the six high-order
bits identify the Processor’s unique, fixed channel number (Megabus/bus address),
which is set by a switch on the Processor; the four low-order bits indicate one of the
16 communications channels.

The 10-bit channel number is stored in bits O through 9 of a word in main memory
or a register (with the function code stored in bits 10 through 15). On the Megabus/
bus, the 10-bit bus channel number occupies bits 8 through 17 of the address portion
of the Megabus/bus (with the function code occupying bits 18 through 23).

Table 6-1 shows the format of the 10-bit channel number and its relationship to
MLCP channels and line numbers, while Table 6-2 illustrates similar information for
the DLCP.

PROCESSOR INTERRUPTS TO MAIN MEMORY PROGRAM

Under certain conditions (described below), the Processor can interrupt execution of
the main memory program. The interrupt is generated on behalf of one of the Proc-
essor’s communications channels, each of which can have an interrupt level assigned to
it. (The interrupt level for a channel can be unique or it can be shared with one or
more other channels.)

A channel can be assigned an interrupt level when its LCT area is set up by the
MLCP Loader or by a block mode write; alternatively, a channel can be assigned an
interrupt level by execution of an 10 (Output Interrupt Control) instruction in the
main memory program. A channel’s interrupt level (together with the return channel
number—i.e., the central processor’s channel number) is stored in LCT bytes 12 and 13
(for a receive channel) or in LCT bytes 44 and 45 (for a transmit channel). The format
of the LCT bytes is described in Section 5.
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TABLE 6-1. MLCP CHANNEL NUMBER ADDRESSING

MLCP o
10-Bit Channel Number in Channel Line Channel
Memory and on Megabus? Number Number Type
xxxxxx0000 0 0 Receive
xxxxxx0001 1 0 Transmit
xxxxxx0010 2 1 Receive
xxxxxx0011 3 1 Transmit
xxxxxx0100 4 2 - Receive
xxxxxx0101 ) 2 Transmit

-~ xxxxxx0110 6 -3 Receive
xxxxxx0111 7 3 Transmit
xxxxxx 1000 -8 4 Receive
xxxxxx1001 9 .4 Transmit
xxxxxx1010 10 5 Receive
xxxxxx1011 11 5 Transmit
xxxxxx1100 12 6 Receive
xxxxxx1101 13 6 Transmit
xxxxxx1110 14 7 Receive
xxxxxx1111 15 7 Transmit

a

TABLE 6-2. DLCP CHANNEL NUMBER ADDRESSING

XXXXXX represents the six bits of the MLCP’s fixed channel number. This value is set by a switch on the MLCP. The
value is the same for each communications channel of a given MLCP.

10-Bit Channel Number in Channel Line Channel
Memory and on Model 23 Bus® Number Number Type
xxxxxx0000 0 -0 Receive
xxxxxx0001 1 0 Transmit
xxxxxx0010 2 1 Receive
xxxxxx0011 3 1 Transmit

The value is the same for each communications channel of a given DLCP.

AXXXXXX represents the six bits of the DLCP’s fixed channel number. This value is set by a switch on the DLCP.

After a channel has been assigned a nonzero interrupt level as described above, the
Processor will interrupt the main memory program on behalf of this channel under any
of the circumstances described below. Refer also to the discussion of CPU interrupts

in Appendix A.

o At the end of processing relative to a CCB whose control byte (byte 5) hasa 1 in

bit O (interrupt control). (The bit can be set to 1 by an 10 (Output CCB Control)

instruction in the main memory program.)
o When a data set or adapter status change is recorded in LCT byte 14 or 46 and
bit 2 of LCT byte 8 or40isset to 1.

o Upon completion of a block mode read or block mode write that used this

channel.

o Upon execution of an INTR instruction in the CCP.
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Remember that an interrupt will occur under the above circumstances only if the
channel has a nonzero interrupt level when the circumstance occurs. ‘

Note that any of the following actions causes a channel’s interrupt level to be reset
to zero:

o Execution, in the main memory program, of an 10 (Output MLCP/DLCP Control)
instruction that initializes the Processor.

o Execution, in the main memory program, of an IO (Output Channel Control—
channel initialize) instruction.

o Execution, in the main memory program, of an IO (Output Interrupt Control)
instruction that specifies a zero value for the interrupt level.

If a CCB is active when the channel’s interrupt level is reset to zero, an interrupt of
the main memory program will not occur at the end of processing relative to the CCB--
even if bit O (interrupt control) of the CCB control byte (byte 5) is set to 1.

In those cases where a channel’s interrupt level is lower (higher-numbered) than the
interrupt level at which the main memory program is currently running, an attempt to
interrupt the main memory program will result in a NAK from the central processor.
The interrupt will be “‘deferred” and placed in a queue, which can store as many as
three deferred interrupts per channel.

Following a change in the interrupt level at which the main memory program is
running, the Processor will attempt to “work off” any backlog of deferred interrupts
during the background firmware scanning periods mentioned in Section 1. Beginning
with the lowest numbered channel that has a deferred interrupt queued, the Processor
will attempt one interrupt for each such channel before cycling back to the queue for
the lowest numbered channel that has a deferred interrupt queued.

PROCESSOR CONTROL OF DATA SETS AND LINE ADAPTERS

For each communications line, the Processor controls the data set (if any) and
adapter by means of an adapter control register (line register 2) for that line. (An
adapter has a separate line register 2 for each line it accommodates.) The value in line
register 2 affects the operations of both channels of one line.

Line register 2 of an adapter is loaded from a CCP that services one or both channels
of the related communications line. The CCP must first ensure that the desired control
value exists in LCT byte 20; then, at an appropriate time, the CCP places this control
value in the R-register and loads it into line register 2 of the adapter. The control value
is effective immediately.

Refer to the appropriate appendixes for programming considerations for the adapters
available.

PROCESSOR MONITORING OF DATA SET AND ADAPTER STATUS

If so directed by the CCP, the Processor will periodically scan data set and adapter
status relative to a given communications line—as reflected in an adapter status register
(line register 5) for that line. Whenever the Processor firmware scan detects certain
types of status changes (as predefined by the CCP), it will store the entire contents of
line register 5 in LCT byte 14 or LCT byte 46. Subsequent actions to be taken are also
predefined by the CCP.

A CCP requests Processor scan of line register 5 by setting to 1 bit O (scan control)
of LCT byte 8 or LCT byte 40. By setting appropriate bits in a mask contained in LCT
byte 15 or LCT byte 47, the CCP predefines which types of data set or adapter status
changes will cause the entire contents of line register 5 to be copied into LCT byte 14
or LCT byte 46. The CCP predefines the subsequent action(s) to be taken by appropri-
ate settings of bits 1, 2, and 3 in LCT byte 8 or LCT byte 40:
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o If bit 1 is set to 1, a detected status change will cause bit 3 of LCT byte 17 or
LCT byte 49 to be set to 1.
o If bit 2 is set to 1, a detected status change will cause the “actlve” CCB to be
terminated and the main memory program to be interrupted.
o If bit 3 is set to 1, a detected status change will cause the CCP to be started. (This
action will be taken only if bit 2 is reset to 0.)

Each time a firmware scan occurs, the following sequence of actions is performed:

1. An exclusive OR operation is performed on (1) the contents of LCT byte 14 or
LCT byte 46 and (2) the contents of line register 5.

2. A logical AND operation is performed on the result from step 1 and the contents
of the mask in LCT byte 15 or LCT byte 47.

~ If a nonzero result is produced by the logical AND operation in step 2, a data set or
adapter status change has occurred. The contents of the line register 5 are copied into
LCT byte 14 or LCT byte 46 and subsequent action(s) are based on the settings of bits
1, 2, and 3 of LCT byte 8 or LCT byte 40. (If the CCP is started in response to a status
change, it can read LCT byte 14 or 46 to ascertain what type of status change has
occurred.)
The MLCP firmware scan is a low- -priority activity .that is 1ndependent of
output operations from the main memory program and CCP processing. The firmware
scan will occur at least every one-half second (MLCP only).

PROCESSOR PARITY CHECKING AND GENERATION

A CCP can direct the Processor to check parity during receive operations and to
generate parity during transmit operations. '

For receive operations, the CCP must first ensure that bit 3 of LCT byte 2 indicates
the desired type of parity. Then, as data characters are transferred from the receive
channel’s line register 1 to the Processor’s R-register, the operand of each RECV
(Receive) instruction can indicate that a parity check is to be performed. The parity
check will include all bits of the character length specified in bits 0 and 1 of LCT byte
2. (In this case, the leftmost bit of each data character is a parity bit; the parity bit
may be either O or 1 as the data character arrives in the R-register.) If the Processor
detects a parity error, it will set to 1 bit 1 (data check error) of LCT byte 17 (LCT
status byte 2).

For transmit operations, the CCP must first ensure that bit 3 of LCT byte 34 indi-
cates the desired type of parity. Then, as data characters are transferred from the R-
register to the transmit channel’s line register 1, the operand of each SEND (Send)
instruction can indicate that parity is to be generated. (In this case, the leftmost bit of
each data character — whose length is specified in bits 0 and 1 of LCT byte 34 —isa
parity bit; the parity bit must be 0 as the SEND instruction is issued.) The Processor
generates the proper value for the parity bit as the data character is transferred to the
transmit channel’s line register 1.

Remember that both channels of one line use the same character length. Both chan-
nels of a line share one line register 6, which defines character configuration, in an
adapter.
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PROCESSOR CYCLIC REDUNDANCY CHECKING

A CCP can direct the Processor to use its block-check capability! to perform cyclic
redundancy checking during receive or transmit operations. Normally, cyclic redun-
dancy checking is requested only for higher speed data transfers.

For receive operations, the CCP must first ensure that bits 5 and 6 of LCT byte 2
indicate the desired cyclic redundancy check polynomial. See Table 6-3. Then, as data
characters are received, the CCP can obtain either unconditional or conditional cyclic
redundancy checking.

TABLE 6-3. CYCLIC REDUNDANCY CHECK INFORMATION

CRC Configuration of
Bits 5 and 6 of Residue | CRC Residue in
LCT Byte 2 or |CRC Bit LCT Bytes
LCT Byte 34 Polynomial Used | Length 3/35 and 4/36 Transmission Modes
00 x xS +x2+] 16 0 7 IBM BSC CRC-16

3/35

Must be zero
at start,

4/36! LSB l

01 x' O x! 24x5 +] 16 0 7 | HDLC, SDLC, ADCCP,
3/35[_MSB | | CCITT Recommendation
LCT 3/35, (MLCP only; not
4/36 must be applicable to DLCP)
all ones at
start.
4/36| LSB l

10 2! 3+ 12 012 567 IBM Transcode CRC-12

X2 +x+] 3/35
Must be zero
at start.

436 [/LSB |
0 7 LRC-8, Basic Mode
3/35s_LRC | | AscIl

Must be zero
at start.

11 x8+1 8

LSB — Least significant bits; MSB — Most significant bits; MBZ — Must be zero.
NOTES: 1. On a transmit, LCT byte 35 should be sent first.
2. On a receive, LCT byte 3 should be compared with the first CRC byte
received.
3. For code 11, only LCT byte 3 or LCT byte 35 is applicable. LCT byte
35 must be sent with odd parity.

'In the MLCP, CRC checking is a hardware function; in the DLCP, it is performed by a firmware table look up
procedure. '
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o Uncondztzonal cyclic redundancy checking is obtained if the operand of each
" RECV (Receive) type 1 or 3 instruction indicates that a check is to be performed;
the cyclic redundancy check residue (in LCT bytes 3 and 4) will be updated as
each data character is loaded into the Processor’s R-register.

o Conditional cyclic redundancy checking is obtained if RECV instructions type 0
or 2 do not indicate that a check is to be performed but each received data char-
acter is analyzed in the R-register and a check is performed as a separate opera-
tion — by means of a CCH (Calculate Block Check) instruction — only when
desired; cyclic redundancy check residue will be updated each time a CCH instruc-
tion is executed.

At the end of a received data block, a cyclic redundancy check must be performed on
the block-check character(s); afterwards, the cyclic redundancy check residue should
have the value expected. (If 12-bit cyclic redundancy check residue has been accumu-
lated, the contents of LCT byte 3 may need to be shifted two bit positions to the right;
the SR (Shift R-Register Right) instruction is available for this purpose.)

For transmit operations, the CCP must first ensure that bits 5 and 6 of LCT byte 34
indicate the desired cyclic redundancy check polynomial. See Table 6-3. Then, as each
data character is transferred from the R-register to the transmit channel’s line register
1, the operand of each SEND (Send) instruction can indicate that a check is to be per-
formed; the cyclic redundancy check residue (in LCT bytes 35 and 36) will be updated
as each data character is transferred into the transmit channel’s line register 1. At the
end of each block, the CCP must transmit the cyclic redundancy check residue accu-
mulated in LCT bytes 35 and 36. (If 12-bit cyclic redundancy check residue has been
accumulated, the contents of LCT byte 35 may need to be shifted two bit positions to
the right before being transmitted; the SR (Shift R-Register Right) instruction is avail-
able for this purpose.)

Cyclic redundancy check residue can be reset to zero at appropriate times by the
CCP or by the main memory program. (The main memory program can use the IO
(Output LCT Byte) instruction for this purpose.)

Whenever a CRC error is detected, it is the channel program responsibility to set
LCT 17 bit 1, data check error.

DATA TRANSFER RATES FOR PROCESSOR COMMUNICATIONS LINES

The data transfer rate for a given communications line depends on two factors:

1. The type of adapter with which the line is associated and '
2. The mode (“normal,”? direct-connect, or “loop~back” test) in which the line is
being used.

Each channel of the communications line uses the line’s data transfer rate. A channel’s
bit transfer rate (together with the defined length of the data characters) establishes
the interval between channel request interrupts for that channel.

Table 6-4 summarizes the relationship between data transfer rate, type of adapter,
and mode of line operation. Note that for synchronous direct-connect or loop back,
the line speed is governed in the MLCP by the MLCP fixed-rate clock and the selected
rate applies to all lines that use this clock. In the DLCP, a switch-settable clock for
each line is used to establish the speed for the line in question for synchronous direct-
connect or loop back.

2¢Normal” mode signifies that the line is connected to the adapter by means of data communications equipment
(i.e., the line is not direct-connected) and no “lcop-back” cf transmitted data is taking place.
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TABLE 6-4. DATA TRANSFER RELATED TO ADAPTER TYPE AND OPERATION MODE

Type of Mode of

Adapter Line Operation Data Transfer Rate

Asynchronous Type Normal Governed by clock in line adaptei.

Adapter Direct-connect Speed indicated by settings of bits 4
Loop-back test through 7 of line register 4 of adapter.

Synchronous Type Normal Governed by clock in data set. (If the

Adapter data set clock permits either of two data

transfer rates to be used, bit 3 of line
register 2 can be used to select the
desired rate.)

Direct-connect
Loop-back test

Governed by MLCP’s fixed-rate clock or
by DLCP’s switch settable clock (1 per
line). This clock is set to one rate by
hardware configuration; the possible set-
tings are shown in Table 6-5 for the
MLCP and Table 6-6 for the DLCP. In
Table 6-5, the selected rate applies to
any line that uses the MLCP’s fixed-rate
clock.

TABLE 6-5. POSSIBLE SETTINGS FOR MLCP’s FIXED-RATE CLOCK

Clock Rate (in Bits per Second)

Switch Setting (Hexadecimal)

800
1,200
1,760
2,152
2,400
4,800
9,600

14,400

19,200

28,8002

38,4002

57,6002

OW> 00020 K W —

3Maximum rate depends on adapter type; refer to the appendixes for specific

adapters.

TABLE 6-6. POSSIBLE SETTINGS FOR DLCP’s SWITCH:SETTABLE CLOCKS
(1 PER LINE)

Switches
Clock Rate (in Bits per Second) 1 2 3 4
1,200 0 0 0 0
2,400 1 0 1 0
4,800 0 1 0 1
9,600 1 1 1 1
Line O Line 1

NOTE: Line 0 and Line 1 may be set for different line speeds.
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Section 7

Program Preparation and Loading

Either of two methods can be used to write into the LCT area and the CCP area of
RAM before communications processing begins.

o The first method involves the use of the Honeywell-provided MLCP Loader,
which is supplied as an object module. The MLCP Loader must be linked with
another module that contains the user-created block to be written into MLCP
RAM. The resultant load module is executed in the central processor to write into
MLCP RAM. This method is available only for the MLCP; it is not operable with
the Model 23.

o The second method involves the use of one or more block mode write operations
from a program executed in the central processor. The block mode write is a pre-
scribed sequence of central processor input/output instructions that cause a user-
created block to be written into a designated area of Processor RAM. This method
is available for both the MLCP and the DLCP.

The result of both operations is similar: the desired LCTs are written with values
appropriate to the beginning of communications processing and one or more channel
control programs are written into the CCP area of RAM.

The remainder of this section is devoted to a description of the MLCP Loader and
the block mode write.

MLCP LOADER

The MLCP Loader can be used to write a user-created block into MLCP RAM, begin-
ning with RAM byte 0. The block (RAM image) can contain up to 3584 bytes. The
block establishes the user-specified values in the LCT area and the CCP area of RAM
before communications processing begins.! (The CCB area of RAM is not written by
the MLCP Loader; instead, the CCB area is written by input/output instructions issued
dynamically by the main memory program.)

The following steps are normally followed to use the MLCP Loader to write a block
-into MLCP RAM.

1. Create a source language module that contains a load control block (described
below), a call to the MLCP Loader, an error check routine, and additional execu-
table instructions (as desired). (Reference: GCOS/BES Assembly Language, Order
No. AS31.)

2. Submit the source language module to the Macro Preprocessor. (Reference:
GCOS/BES Program Development Tools, Order No. AS29.)

3. Assemble the source language module. (Reference: GCOS/BES Program Develop-
ment Tools manual.)

! Remember that those LCT bytes reserved for firmware use must be written with zeros before communications
processing begins. Section 5 provides a detailed layout of LCT bytes.
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4. Link the resultant object module with the MLCP Loader (which is supplied as an
object module named ZQMLIN). (References: GCOS/BES Software Overview,
Order No. AS27, and GCOS/BES Program Development Tools manual.)

5. Load and execute the resultant program.

The MLCP Loader uses channel 1 of communications line 0 to write into MLCP
RAM. Therefore, line O must be serviced by an adapter.

When the MLCP Loader is called, it first initializes the MLCP; all of RAM is reset to
zero. The MLCP Loader next writes the LCT bytes for line 0 by issuing 64 10 (Output
LCT Byte) instructions. Finally, the MLCP Loader performs a block mode write to
transfer the remainder of the user-supplied block to RAM. If an error condition is
‘encountered, the MLCP Loader writes an appropriate error code into the “return value
word” of the load control block and returns control to its caller (which should always
inspect the “‘return value word” upon being returned to by the MLCP Loader).

Load Control Block
Table 7-1 describes the format of the load control block, which must contain the
following five elements in the prescribed order.

1. Range of RAM image

2. MLCP address on Megabus
3. Return value word

4, Register save areca

5. RAM image

. The load control block exists in a user-created module that is processed by the
Macro Preprocessor, assembled, and linked with the MLCP Loader.

The “‘range of RAM image’ (word O of the load control block) can be calculated by
the Assembler if you use the technique shown under “Sample Program,” below.

The “MLCP address on Megabus” (word 1 of the load control block) provides the
high-order six bits for the channel/function-code words used in input/output instruc-
tions issued by the MLCP Loader. (The MLCP Loader provides the low-order 10-bits of
the channel/function-code words.)

The “RAM image” (words 19 and following of the load control block) is a straight-
forward image of the bytes that are to be written into MLCP RAM beginning at byte 0.
The first 512 bytes will be written into the LCT area of RAM; those bytes reserved for
firmware use must be written with zeros (see Section 5). Bytes after the first 512 are
written into the CCP area of RAM. The total “RAM image” must not exceed 3584
bytes; otherwise, the MLCP Loader will return to its caller with an error indicator (1)
in “‘return value word” (word 2 of the load control block).

Sample Program

The following source language code shows a sample load contro! block followed by a
call to the MLCP Loader. The call could in turn be followed by error check coding and
other executable instructions (as desired).

This module must be processed by the Macro Preprocessor, assembled, and linked
with the MLCP Loader.

TITLE LOADIT

ZQRAMS DC END-START Range of RAM image (in words)
DC Z’FC00’ MLCP address on Megabus
DC 0 ' Return value word
RESV 16,0 Register save area
PROGRAM PREPARATION
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START

END
LOAD

EQU
EQU

CALL

END

$

ZQMLIN,ZQRAMS

LOADIT,LOAD

RAM image to be written
beginning at RAM byte 0

Call to MLCP Loader

TABLE 7-1. FORMAT OF LOAD CONTROL BLOCK

Word

Length

Contents

Description

1 word

Range of RAM image

This word indicates the range (length) of the
image to be written to MLCP RAM. The
binary value of this word indicates the range
in terms of central processor words.

The label of word O must appear as an

argument in the CALL statement that
invokes the MLCP Loader.

1 word

MLCP address on
Megabus

This word indicates the six high-order bits of
the MLCP address (i.e., the address physi-
cally set by a switch on the MLCP). The
remainder of the word must be zeros.
Format of word 1:

Bits 0-5 - MLCP address

Bits 6-15 - Zeros

1 word

Return value word

This word must initially be cleared to zero.

When the MLCP Loader returns to its caller,

this word will contain one of the values

listed below. This word should be checked

by the caller when the MLCP Loader returns

to it.

0-The load has been completed without
error.

1 - The range of the RAM image is inappro-
priate (i.e., 0 < range < 3584 bytes).

2 - An uncorrectable input/output error has
occurred during loading.

3-No unit exists at the MLCP address
specified in word 1.

4-A non-MLCP unit exists at the MLCP
address specified in word 1.
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TABLE 7-1 (cont). FORMAT OF LOAD CONTROL BLOCK

Word Length Contents Description
- 3-18 - 16 words Register save area When the MLCP Loader is called, it saves
: here the contents of the following 16
registers:

B1- through B7-register,
R1-through R7-register,
I-register, M-register. ,
The MLCP Loader restores the saved con-
tents of these registers before returning to

: - c | the caller.
19n Up to 1792 | RAM image This image will be written into MLCP RAM
words (3584 beginning at byte 0. This image must not

bytes) exceed 3584 bytes (the combined length of
: . the LCT area and the CCP area of RAM).

BLOCK MODE WRITE

A block mode write is a convenient means of transferring a user-created block from
main memory into the LCT area and/or the CCP area of the Processor (MLCP or
DLCP) RAM.? The block mode write can be used prior to the beginning of any com-
munications processing over the MLCP or it can be used on a more limited, channel-by-
channel basis concurrent with communications processing over other channels (i.e.,
channels not affected by the block mode write).

A block mode write differs from the MLCP Loader (described above) in the follow-
ing respects:

o A block mode write does not cause the Processor (or any channel) to be initial-
ized.

o A block mode write can be performed over any transmit channel servnced by an
adapter. '

o A block mode write can transfer a block to start anywhere in the LCT area or CCP
area of RAM.

o A block mode write must not write into the portion of the LCT dedicated to the
transmit channel being used for the write operation.

To perform a block mode write, the following sequerice of steps is used in a main
memory program:

1. Ensure that the desired block exists in main memory.

2. Ensure that the transmit channel to be used for the block mode write is in a “stop
input/output” condition. ,

3. Execute an IOLD (Output CCB Address and Range) instruction.

4. Execute an 10 (Output CCB Control — format 2) instruction.

5. Execute an IO (Output Channel Control — start block mode write) instruction.

Each block mode write uses one CCB for the designated transmit channel. As the block
mode write is taking place, no CCP is executed for the channel involved and no data is
transmitted.

2 A block mode read is similar to a block mode write except that (1) a reczive channel :s used, (2) a different bit is
set in the control word used with the I0 (Output Channel Control) instruction, and (3) there are no restrictions on
the MLCP RAM area that can be incluced in the data transfer. Sec Appendix A.
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When a block mode write is completed, the transmit channel will be returned to a
“stop input/output” condition. The main memory program will be automatically inter-
rupted at the interrupt level previously established for the transmit channel. (If no
interrupt level has been established for this channel the interrupt will not occur.)

For the MLCP only, if the LCT area of RAM is involved in a block mode write,
remember that those bytes reserved for firmware use must be written with zeros;
nonzero values in any of these bytes may produce unspecified results. Remember too
that the block mode write must not write into the portion of the LCT dedicated to
the transmit channel being used for the write operation.® Refer to the information in
Table 5-1 and Figure 5-3.

For the DLCP only, the firmware use only LCT bytes MUST NOT be written. The
IN or OUT instructions may be used to ensure that this does not happen. These firm-
ware use only bytes are identified in Table 5-1. A block mode write must not be used
to write into LCT areas other than the currently addressed channel when any other
channels may be active. In the addressed channel, care should be taken not to over-
write reserved firmware areas (see Section 5). In addition, care should be taken when
other channels are active not to write into t/eir active LCT, CCB area.

Format of CCB for Block Mode Write

The CCB for a block mode write is prepared by execution of an I0LD. (Output CCB
Address and Range) instruction and an 10 (Output CCB Control — format 2) instruc-
tion in the main memory program. The resultant CCB has the format shown below.

BYTE

LEAST SIGNIFICANT BITS

e o e — - — ]

ADDRESS FIELD

_______________ RANGE FIELD

|_LEAST SIGNIFICANT BITS | RAM ADDRESS FIELD
0 0 0 o[ wsB
0 00000O0O00L0O

N oA N =
=
[}
[72]
-
@
o
z
L
0
>
z
-
@
3
w

Figure 7-1. Format of CCB for Block Mode Write (MLCP)

BYTE

MOST SIGNIFICANT BITS

e e e e — e ———

ADDRESS FIELD

| LEAST SIGNIFICANT BITS.
NIFICANT BITS
_MOST SIGNIFICANT BITS | RANGE FIELD

e RAM ADDRESS FIELD
0 0 o] msB

0 0 00O O0OOG O

N OO O WN = O
r
m
>
2]
-
@
9]
z
I
0
>
z
-'
o
3
7]

Figure 7-2. Format of CCB for Block Mode Write (DLCP)

*If desired, the portion of the LCT dedicated to the transmit channel can be written by a block mode write per-
formed over some other transmit channel.
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- The address field and the range field (bytes O through 4) of this CCB are similar to

-~ those fields in any other CCB. The RAM address field is unique. Initially it contains the

12-bit address of the RAM byte at which the block mode write will begin. Thereafter,

the contents of the RAM address_field increase by 1 as each byte is wrltten to the
Processor .

| CCB Status Field After Block Mode Write

After completion of a block mode write, the status fleld (bytes 6 and 7) of the .

related CCB is updated. (Note that the function of CCB byte 6 changes from ‘“most
significant bits of RAM address” to ““CCB status byte 2’ at this time.)

‘The CCB status field (whose format is shown in Section 3) can be checked by use of
an 10 (Input CCB Status) or 10 (Input Next CCB Status) instruction.
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Appendix A

Programming Guidelines for Selected
MLCP/DLCP Features

This Appendix contains supplementary information on programming certain MLCP/
DLCP (Processor) features or operations, such as initialization, set up, line registers,
certain CCP instructions, CPU interrupts, and error recovery. Cross references are made
to the text where appropriate.

Special programming techniques specific to adapter type are discussed in the sepa-
rate appendixes on the adapters. References in this appendix are made to those later
appendixes where appropriate.

With respect to the DLCP, the byte expansion of the DLCP instructions should be
kept in mind when you read this material. Time-dependent techniques should be care-
fully checked against the tables of instruction timings in Section 4.

INITIALIZATION

A complete MLCP initialization occurs only on the issuance of an Output MLCP/
DLCP Control (function code 01). The complete initialization is not effected by a
Power On which performs a “soft’ initialization only.

A complete DLCP initialization occurs when the Power On switch is switched on the
central processor control panel and also in response to the Output MLCP/DLCP Con-
trol instruction (function code 01) with bit O set (hard initialize). Because the hard
initialize affects all channels, it normally occurs only at startup. In normal operation,
the Output Channel Control instruction (function code 05) with bit O set (channel
initialize), is more appropriate because it allows other lines to continue operation.
Channel initialize kills both the receive and transmit channels of the communications
line because it causes line register 2 (LR2) to be cleared. In that sense it can always be
assumed that channel initialize on one channel will cause the paired channel to cease
operation. The paired channel is not completely initialized, however, because its CCB
list has not been reset nor has its LCT area been cleared. In general, it is best to treat
channel initialize as line initialize and issue commands in pairs, one to each channel
pertaining to a particular line.

Channel initialize does not result in the clearing of the LSI chip which performs the
serial/parallel conversion at the data set interface, nor does it clear anything other than
LR2. It is common, therefore, to find error bits (flags) such as overrun, underrun, and
framing error set in line register 5 after a channel initialize. It is also common to find
line configuration information such as byte size still resident in the adapter. The
specific conditions left in a noninitialized state are unique to each pac. In order to
completely clear the pac and the LSI chip which performs the serial/parallel conversion
at the data set interface, the central processor Clear pushbutton may be used or a
hard initialize command issued, but that will disrupt all Processor channels. If it is not
desirable to disrupt all channels, then special care should be taken to initialize the
adapter via the CCP as discussed below in ““Adapter Setup.”.

In the normal case, it is preferable to use the Output Channel Control instruction
(function code 05) with bit 2 set (stop I/O) or the CCP to control LR2 directly in
order to cease communications on a line. This causes minimum change to the setup of
the Processor relative to the line and simplifies restart of communication.

PROGRAMMING GUIDELINES FOR
SELECTED MLCP/DLCP FEATURES A-1

ATC?



ADAPTER SETUP | | | P \

- Adapter (Commumcatlons—Pac) setup is performed by the CCP between the Output
Channel Control instruction (function code 05) with bit 1 set (start I/0) and the first
WAIT. instruction. In that 1nterva1 the following actions must be performed as a
minimum:

o Load LR6
o Load LR4 if apphcable
o Load LR2

‘The information to be loaded in LR6 will be found in the LCT byte 2 for receive
and in LCT byte 34 for transmit. The information for LR4 has no specific LCT
location assigned and could come from a LCT work location or from the CCP itself as a
result of a Load (LD) instruction, Format 3 (load immediate). The information for
LR2 will be found in LCT byte 20 for both receive and transmit. - ‘

The LCT area must h%ve already been set up by the main memory program. It is the
task of the CCP to get that information to the adapter where it will be stored. The
specific information to be output to the adapter is unique to each type. There is, how-
ever, very likely a sequence in which it must be done. The general sequence is
configuration-word first and data set control-word last.

LCT byte 20 is one case where the same byte applies to both sides of the line. In
most other cases, separate LCT locations exist for transmit and receive. In the case of
LCT byte 20 which contains such indicators as request to send, data terminal ready,
transmitter on, receiver on, there can only be one such set of indicators since there is
only one LR2 and only one modem.

The number of adapter registers which must be reloaded to set up the adapter
depends on what has previously been programmed. At the very first usage of the
adapter after power on, all the registers (LR6, LR4, LR2) need to be set up. If a line
has been in use and a stop I/O issued, only LR2 need be reloaded to resume communi-
cations. If a channel initialize occurred, only LR2 need be reloaded, although one

“might prefer to completely reload the adapter registers if the reason for the channel
initialize was an error.

Previously it was noted that the LSI chip performing the serial/parallel conversion at
the data set interface was not cleared as a result of a channel initialize. If there is a
possibility of error flags remaining set, the chip may be initialized by the CCP. On the
transmit channel, two OUT LR1 with zero data for asynchronous adapters or pad data
(e.g., for synchronous Communications-Pacs) may be issued just after loading LR2 and
that will clear any transmit errors remaining. On the receive channel, an IN LR1 may
be issued just before loading LR2 and that will clear any received errors remaining. The
data received as a result of this operation can be ignored.

Refer to the later appendixes for the specific information on each adapter.

ACCESS TO LINE REGISTERS

An adapter can have as many as eight line registers on the transmit channel and an
additional eight on the receive channel; in many, the number.is more like six or seven.
Some registers are accessible on either channel (e.g., LR2) while other registers are
specific to the transmit or the receive channel (e.g., LR1). This type of information is
adapter-specific.
In practice, one programming difficulty arises: certain registers can only be written
while others can only be read. (If a line register is used incorrectly or does not exist,
the IN or OUT instruction will act as a no-op.) In the case of two important line el
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registers, this means that once they are loaded, the CCP cannot directly determine their
contents. The two most critical of these are LR2 and LR6. The programming solution
is to make use of the association of LCT location and LR as follows:

LR2 = LCT 20
LR6 = LCT 2 (receive channel)
LR6 = LCT 34 (transmit channel)

LR2, which controls the data set, should be kept identical to LCT byte 20 at all times.
If, for example, the contents of LCT byte 20 show the transmit on set and the receive
on reset in LR2 and it is desired to reverse this, the proper technique would be:

Load LCT 20 into R
Set receive on bit
Reset transmit on bit
Output to LR2

Store R into LCT 20

©c 00 0O

With this approach, the state of the data set interface can always be determined by
reading LCT byte 20. This is particularly useful in case of error recovery activity.

Concerning LR6, which contains configuration information, the same kind of
situation exists. In some instances there is a single LR6 while in other instances there
are two. The configuration information does not have to be identical on the receive
and transmit channels. In any case, it is important to use the same technique to be sure
that LR6 is always identical to the related LCT locations.

CCP INSTRUCTIONS

The following paragraphs are intended as an aid in programming the referenced
instructions. This information supplements Section 4.

SEND Instruction

SEND causes the firmware to OR the contents of bit 7 of LRS into LCT status,
LCT byte 48 bit 2. This status bit is used to designate different things in different
Communications-Pacs. For example, in the synchronous line adapter, it is a transmit
underrun while in the asynchronous line adapter it is a framing error. The important
point here is that LCT byte 48 bit 2 is not necessarily a transmit error but is only a
copy of LRS bit 7. In the case of the asynchronous line adapter, that represents a
framing error so that a receive error is being reported on a transmit channel. (The trans-
mit channel for that pac should reset this status bit before returning to the main mem-
ory program. There is no meaningful asynchronous line adapter transmit error. Refer
also to Appendix C.) ’

RECYV Instruction

RECV causes the firmware to OR the contents of bit 6 or LR5 into LCT byte 16
bit 2. This status bit may be used to designate different things in different adapters. In
most cases it means receive overrun. This status bit is on the receive channel.

OUT LR1 Instruction

OUT LR1 has the same function as SEND except that error status is not ORed from
LR5 into the LCT area. Also, CRC and/or parity are not possible on OUT instructions.
Because of the fact that error status is ignored, OUT LR1 is a means of avoiding con-
ditions where error flags exist relative to the LSI chip performing the serial/parallel
conversion.
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: IN LRI Instruction
"~ IN LR1 has the same function as RECV except that CRC and parlty are not possrble
and the error status bit is not copied from LR5 into the LCT area. The fact that the
error status is ignored makes IN LR1 a means of avoiding conditions where error flags
may - be set relatxve to the LSI chip performmg the senal/parallel conversion (see
above). ;

SFS Instruction

SFS causes the adapter to search for a synchromzatron character by mampulatmg
the receive on bit in LR2 When SFS is executed the ﬁrmware takes the followmg :
;actlons , :

Loads LCT 20 into R .
Masks off the receive on bit
Outputs to LR2 -

- Turns on the receive on bit
Outputs to LR2

OOOOO

Thrs is another case where the CCP should always be sure that LCT 20 LR2 SO that
'SFS does not cause somethmg else in LR2 to change

‘BLBT, BLBF Instructions

The last block indicator in the CCB control byte is designed so that the main mem-
ory program can notify the CCP when the last block of a multiblock message has
arrived so that some special terminating activity (e.g., disconnect) can take place. With
this purpose, the BLBT or BLBF may be used at or near the end of the last block,
possibly after deciding to end the block but before doing a GNB (get next block).

For the DLCP, the indicator tested is always the bit in the active CCB.

For the MLCP only, the last block indicator in the CCB control byte can be tested

by the CCP with the BLBT and BLBF instructions, but only after a DMA transfer has

occurred. (The indicator is not valid until then.) The last block indicator in the CCB is
copied by firmware into a firmware use onl: location in the LCT area. BLBT and
BLBF operate on that bit, not on the bit in the CCB. This copying of the bit occurs
during the first DMA transfer initiated by an I D or ST. As a result, any attempt to use
BLBT or BLBF before the first LD or second ST will not lead to meaningful results.

LD Instruction :

In order for an LD to execute properly, there must be a vahd CCB. If this is not
the case and an LD is executed, all lower priority channels on that Processor will
overrun or underrun. Refer to ““Valid CCBs” for detail on avoiding this problem. In
addition, if there was no valid CCB, when a CCB is finally set up, a CCB service error

~ will be indicated in bit 4 (LCT byte 48 bit 4) CCB status. The implication here is that a
‘CCB service error indicates possible trouble on other channels as well as the one on
which it is reported, if the valid bit has not been tested.

WAIT Instruction

The WAIT instruction, which has an execution time of 15 microseconds, actually
consists of two parts. One part is a context save for the CCP then active. When a chan-
nel request interrupt occurs and a CCP is aciivated, the rcinainder of the WAIT (a
context restore) occurs. (Refer to Section 1 for a defiuition of channel request
interrupt.) ‘

For the MLCP only, one of the functions of the context restore is to enable the
firmware to read the contents of LCT byte 2 ( .CT byte 34) and ioad the character size
into the CRC hardware in the MLCP.
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BLCT, BLCF Instructions

The use of the BLCT or BLCF instructions to test for end-of-range is mandatory. If
one neglects to check for end of range by the CCP, the Processor will increment the
address and decrement the range beyond the end of the buffer. This could result in
either the overwrite of other data in main memory on a receive or the transmission of
data that should not have been transmitted.

INTR Instruction (MLCP Only)
INTR presently clears LCT 16 and then sets only bit 0 of LCT 16. The following
sequence may be used to preserve the contents of LCT 16.

I
l

l
LD 16

INTR

OR 16
I
|
|

NOTE: The DLCP “ORs” bit 0 into LCT 16 and preserves the remaining bits of
LCT 16.

Table Look-Up Instruction Programming Example

This example relates specifically to the MCLP.!

The table look-up (TLU) operand specifies the first LCT location of a pair of con-
secutive LCT work locations. These two locations contain a 12-bit RAM address
pointer to the beginning of the TLU data table.

LCT Work 1 |0 0 0 0 X X X X_J XXXX = Most Significant
4 Bits

LCT Work 2 fyYyvy vvyvy |

~

oy

8 Least Significant Bits

The 12-bit address must be within the channel program portion of the RAM X200’ to
X‘DEF’. If the address is not in this range, the results are unspecified. It is the respon-
sibility of the main memory program to load the correct address of the TLU data table
into the corresponding LCT locations specified by the TLU instruction. This can be
done by either a block write or an output LCT byte instruction to each of the LCT
WORK locations.

Having resolved the location of the TLU data table, the TLU now adds the contents
of the MLCP R-register previously loaded by the channel program. The resulting
address now points to a specific byte in the TLU data table.

Bit O of the specific TLU data table byte is tested to determine if action requested
is a data translation (bit 0 = 0) or an indexed branch (bit 0 = 1).

! This program is a sample of one of several techniques that can be used for table look-up. Note that the MORG
techniques used in the sample program can be used only if the TLU instruction starts on an even boundary. For
DLCP applications, the instruction expansion must be known in order that this technique be used properly.
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1. Data Translation (Bit 0 = Q)

The contents of the specific TLU table byte is loaded into the R-register over-
writing the previous value. The control returns to the instruction immediately
following the TLU. ,

The maximum table sizes for data translation would be 28 (256); however only a
7-bit translation is possible because of the use of bit 0 as an indicator. Refer to
the sample program shown in Figure A-1.

2. Indexed Branch (Bit 0= 1)

The contents of the specific TLU data table byte is not loaded into the MLCP
R-register. The R-register retains the initial contents through this mode of the
TLU.

The address of the indexed branch is generated as follows:

a. The channel program sequence counter currently pointing to the LCT displace- -

ment byte of the TLU instruction is incremented by 3 bytes. This spaces the
sequence counter over the 2-byte translation branch following the TLU. This
allows a minimum of one branch instruction for processing translated
characters. '

b. The specific TLU data table byte, bits 1-7, are multiplied by a factor of 2
because a short displacement branch requires 2 bytes. This allows a table of
branches to direct action to the proper routines. The result is then added to the
sequence counter causing it to point to a specific branch or macro which is
coded inline and after the TLU instruction. The processing continues from this
point under control of the channel program.

The TLU data table can contain a mixture of translation data and indexed branch

data. The following example illustrates how the indexed branch option can be

used to recognize escape characters and bad parity while translating to other

values including stripping the parity bit.

The TLU instruction makes it very easy for the channel program to convert from or
to the native ASCII code to any other 7-bit or less code. Thus the MLCP can be fluent
in any language without affecting system performance.

Example 1: _
Translate lowercase ¢ X‘63’ to uppercase C X‘43’ (Refer to Figure A-1).
Instruction

TLU 23-convert lowercase ASCII to uppercase ASCII

LCT 23
These Bits are Ignored
o
[0oo00 0010}
_—
L_Most Significant 4 Bits
LCT 24
(0000 0000]
S~~~ Least Significant 8 Bits
R-register s

[0110 001 1] Lowercase ASCII (c)
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®TLU TABLE FOLLOWS

200

210

220

230

N
£
I=

'RESOLVED ADDRESSES/
- s
b3

N
3
o

2C0
200

260 ]

#CHARACTERS 00-0F
DATA
#CHARACTERS 10-1F
DATA
HCHARACTERS 20-2F
DATA
HCHARACTERS 30-3F
DATA
#CHARACTERS 40-4F
DATA
#CHARACTERS 50-5F
DATA
#CHARACTERS 60-6F
LATA
#CHARACTERS 70-7F
~ DATA
#CHARACTERS 80-8F
. DATA
*CHARACTERS 90-9F
DATA
#CHARACTERS AQ-AF
DATA
#CHARACTERS BO-BF
DATA
HCHARACTERS CO-CF
DATA
#CHARACTERS DO-UF
DATA
#CHARACTERS EO-EF
DATA
#CHARACTERS FO-FF

2F0

{ El

DATA

“EXAMPLE OF THE USE OF THE TLU INSTRUCTION FOR A RECEIVE CCP

X'00',X'82',X'82",X'8B",X'82',X'05",X'06',X"'82", X' 82", X' 09", X' 0A',
X'82',X'11',Xx"12*,X'82", X" 14',X'82",X"'82',X'17', X' 18", X' 82" ,X'82",
X'82',X'21',x'22", X" 82" X'24', X' 82" X' 82" ,X'27' X' 28", X' 82" ,X' 82",
X'30",X'82",X'82',X"33",X"82',X'35',X'36",X'82",X"'82',X'39" X' 3A",
X'82',X'41", X421, X" 82", X 44T, X182, X' 82", X 47", X 48 ,X'82",X'82",
X'50",Xx'82',X"'82',X"'53',X"82"',X"55',X"56,X"82' X' 82", X"59" ,X'5A",
X'H0',X'82",X'82", X 43", X"82'  X'45" , X 46", X" 82" X' 82", X'49' X A",
X'82',X'S1',X'52",X"'82",X'54" X" 82", X" 82" ,X'57',X'58" , X' 82", X' 82",
X'82',X'86",X"89',X"82' X'8D',X'82",X"'82',X'07',X'08",X'82",X"'82",
X'10',X'82",X'82",X" 13", X'82',X"15',X'90",X'82',X'82",X'19',X"1A",
X'20',Xx'82",X"82",X" 23", X"82", X' 25" ,X'26"',X'82',X'82",X'29" ,X'2A",
X'82',X'31',X'32",X' 82", X" 34", X"82",X"'82" ,X'37' X' 38", X"82',X' 82",
X140, X'82",X"82", X 43", X"82', X 45", X 46", X" 82", X 82", X' 4", X UA",
X'82',X'51',X'52", X" 82", X'54' X' 82", X"'82',X'57',X'58" X' 82", X'82",
X'82', X" 41", X142 X821, X hh' X821 X" 82", X 47" X' 48", X'82" ,X' 82",

X'50',Xx'82',x'82',X"53"',X"82",X"55',X'56"',X"82',X"82',X'59' ,X"5A",

*ALL DATA RECEIVED 1S EVEN PARITY

LoC
WAIT
RECV

Loc
302,303 TLU
304 ST
305,306 BLCF

NEXT

2

TLul
23

NEXT

INPUT NEXT CHARACTER ENTRY POINT
WAIT FOR NEXT CHARACTER TO COME IN
CHAR AVAILABLE,CHECK EVEN PARITY

“ADDRESS IN LCT 23,24=TLU DATA TABLE,WAS LOADED BY MAIN PROGRAM

ADDRESS OF TLU INSTRUCTION
TABLE LOOK-UP

TRANSLATE COMES HERE SHIP R TO MAIN MEMORY

IF NOT LAST CHARACTER GET NEXT ONE

“LAST CHARACTER, GO TO MESSAGE FOR LONG ERROR

07,308,309 | yump

LONG

3 BYTE JumP

INSURE THAT NEXT ADDRESS IS EVEN DISPLACEMENT

ENTRY POINT

STORE IT AS IS

GET PARITY ERROR COUNT
COUNT 2S5 COMPLEMENT

PUT PARITY COUNT BACK
GO TO NEXT; CHARACTER
INSURE EVEN DISPLACEMENT

ENTRY POINT

STRIP PARITY BIT

GO TO PROCESS SOH
INSURE EVEN ENTRY POINT

ENTRY POINT

STRIP PARITY

GO TO PROCESS SIX

INSURE EVEN DISPLACEMENT

ENTRY POINT
GO TO PROCESS ETX
INSURE EVEN DISPLACEMENT

ENTRY POINT
STRIP PARITY, BIT

GO TO PROCESS END OF TRANSMISSION

INSURE EVEN DISPLACEMENT

ENTRY POINT

GET SYNC COUNT LOCATION

COUNT TWOS COMPLEMENT

PUT COUNT BACK

IGNORE SYNC GET NEXT CHARACTER
INSURE EVEN DISPLACEMENT

MORG
HENTRY FOR BAD PARITY DETECTED
Loc TARG1
30A ST ,
308, 30C L 25
300 DEC
30E, 30F ST 25
310,311 B NEXT
MORG
HENTRY FOR SOH =X'81'
Loc TARG2
312,313 AND =X'7F"
314,315,316 | JUMP SoH1
MORG
HENTRY FOR STX X'82'
Loc TARG3
AND =XT7F
B8 STX1
MORG
HENTRY FOR ETX X'03'
Loc TARGY
e e
MORG
HENTRY FOR EOT X'84'
Loc TARG 5
320,321 AND =X17F"
322,323,324 | uump EQT1
MORG
HENTRY FOR SYN X'96' EVEN PARITY SYNC
Loc " TARGE
326,327 LD 26
328 DEC
329,32A ST 26
328, 32C B NEXT
MORG

X'82',X'0C",X'82',X'82", X' OF"
X'1B',X'82',X'1D',X'1E', X' 82"
X'28',X'82',X'2D' X' 2E"', X' 82"
X'82',X'3C',X'82",X'82", X" 3F"
XTHB',X'82', X" UD' , X 4E" X" 82"
X'82',X'5C", X'82',X'82", X' 5F"
X'82',X'4CT,X"82",X"82" , X' 4F !
X'5B",X'82',X'SD', X'SE", X" 82"
X'0B',X'82',X'0D',X'0E",X"82"
X'82',X'1C', X"'82",X'82", X' 1F"
X'82',X'2C",X'82",X'82" , X" 2F"
X'3B',X'82',X'3D',X'3E", X" 82"
X'82',X'4C",X"82", X" 82", X' UF"
X'5B',X'82",X'5D', X'SE", X" 82"
X'4B',X'82',X'4D', X 4E" X' 82"

X'82',X'5C',X'82',X'82',X'5F!

TLU TABLE FOR SAMPLE PROGRAM OF TLU USAGE

1. UNCONDITIONAL BRANCH

A. ODD PARITY

B. SOH =x'81"'
. STX =X'82'
. ETX =x'03"'
EOT =X'84"'
. SYN =X'96"'

Mmoo

2. TRANSLATE LOWER CASE

3. STRIP PARITY BIT

ON THE FOLLOWING CONDITIONS

1S PARITY ERROR =Xx'82"'

EVEN PARITY START OF HEADER
EVEN PARITY START OF TEXT

EVEN PARITY END OF TEXT

EVEN PARITY END OF TRANSMISSION
EVEN PARITY SYNC CHARACTER

60-7F TO UPPER CASE 40-SF

Figure A-1. Sample Table Look-Up Program (MLCP Only)
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Explanation
The TLU table base in LCT 23, 24 (X‘0200) is added to the contents of
the R-register (X‘63’) which generated a TLU data table address of X0263°. '

The contents of location X‘0263’ is X‘43’ and since the value X‘43’ hasbit 0 =0, a
translation is required. The value X‘43’ is loaded into the R-register and control
returns to X‘0304’ the instruction immediately following the TLU.

The original value of X°63” has been translated to X‘43’. The channel program then
transfers the X‘43’ to main memory, branches if last character is false to wait for
next character to come in. .

Example 2:
Indexed branch on ETX (refer to Flgure A-1).

LCT 23,24 Equal X200’ (as in Example 1)

R-register [oooo0 0011}

Explanation
The TLU table base in LCT 23, 24 (X200’) is added to the contents of the
R-register (X‘03’) which generates a TLU data table address of X‘203’."

The contents of this location is X‘8B’ and bit 0 = 1. The TLU switches into indexed =
branch mode and the CCP takes the following action.

a. The R-register is preserved and remains at X‘03’.

b. The address of the TLU instruction itself is already in the P-counter (X‘303”) and
points to the LCT displacement byte of the TLU instruction being executed. The
value 3 is added to the P-counter making P=X‘306’. This constant of 3 is added to
allow a branch out to process a translation as in Example 1.

c. The value of bits 1-7 (X‘OB”) of the data extracted from the TLU table is then
multiplied by 2. This is done to allow a table of branch instructions which require
2 bytes minimum per branch. 2 (X‘OB’)= X‘16’.

d. The previous value X‘16’ is added to the contents of the P-counter which is
X‘306’. The new P-counter value is now the target address of the branch (X‘31C’)
and processing continues at this location. '

e. The first instruction at X‘31C’ is a long displacement jump to process the ETX1.
P-counter +3 +2* (TLU data bits 1-7) = Target.

NOTE: The programmer must generate the branch information contained in the
TLU table to match the indexed branch entry points coded after the TLU
instruction. In the example, the table value was calculated as follows:

target address of second byte
address of TLU instruction . -3 = X’31C-X’303")-3 =X’B’
2 ’ 2
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Bit O was set to 1 to indicate unconditional branch and the value placed in the table
of position X‘03’ = X‘8B’. v
Each target area must have an even number of bytes. This is why the MORG instruc-
tion is inserted after each target. This instruction will fill with an NOP to make an
even number of bytes. The programmer can also directly insert an NOP. If changes
were made in the target area, the target area indexes affected have to be
recalculated.

The DATA statement can be used to program the target area indexes to adjust auto-
matically to any changes. The target index used in this example could have been
calculated by the assembler if the following DATA statement had been substituted
for the (X‘8C’) at location X203’.

DATA(TARG4-TLU1-X04")/X‘02°+X 80’
The assembler would evaluate this expression as follows:

(X‘31C"‘X‘302"X(‘04’) +X‘80; = X‘8B’

2
NOTE: Refer to the DATA statement for rules governing internal value
expressions.
Example 3:

Branch on odd parity

Same as Example 2, unconditional branch, except all cases of odd parity in the table
have been replaced by X‘82’ which causes a branch to the TARG1 for bad parity at
X‘30A’. The bad parity condition can then be programmed as desired.

Example 4: Strip parity bit
R-register = X‘C3’

{ Data
[tTr00 0011

Parity bit

This value is added to the table base of X200’ for a result of X‘23C’.

The contents of X2C3” = X‘43’ bit 0 = 0, so a translation is required, the X‘43’ is
loaded into the R-register, and processing continues at location X‘304°. The parity
bit has, in effect, been stripped off.

NOTE: The previous examples illustrate the potential of the TLU instruction for
normal synchronous data received processing. There are many other uses
including user status evaluation, error code processing, decoding action
codes passed by the main memory program, etc.

VALID CCBs

When a CCB is set up by the main memory program, the Output CCB Control
instruction (function code OF) must have bit 1 set (valid bit). When a start 1/O? is
issued for a channel or a LCT byte 8/40 (data set scan) starts the CCP, the firmware

2 Recall that this is: Output Channel Control (function code 05) with bit 1 set.
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takes no spec1ﬂc notice of the valid b1t except to detect a CCB serivce error. A CCB
service error is deemed to exist if either an LD or an ST is executed and there is no
valid CCB. Assuming that the CCB is valid, the firmware resets the valid bit when a
'GNB instruction is executed. -

The CCP instructions BVBT and BVBF enable the CCP to branch on the vahd bit
condition. Whether or not this instruction is necessary in a spe01ﬁc apphcatlon depends
on the way the program is established.

In one case, a number of CCBs are set up and the last is marked with a last block
indicator. The program does BLBT or BLBF at the end of each block and if that is the
end, the call is terminated.

In a more sophisticated case the software sets up a number of CCBs and does not
mark any of them as last block. The software intent is to set up new CCBs as a
response to the CCB interrupts and always keep ahead of the ability of the Processor

- to use up CCBs. The advantage of this mode of operation is that it can lead to very
high line utilization. A danger is that the main memory program may not keep up. In -
order to avoid a fatal error, the first instruction following the GNB should be a BVBT
or BVBF so that the lack of a valid block can be.detected before any damage is done.
If no valid block exists, special action could be taken.

DATA SET SCAN

The data set scan can be actlvated by settmg bit 0 of LCT byte 8 (LCT byte 40) to
1. When a scan occurs, the firmware ANDs the contents of LRS with the contents of
LCT byte 15 (LCT byte 47), ANDs the contents of LCT byte 14 (LCT byte 46), and
compares the results for any change. As a result of the scan, the contents of the LR5
replace the previous contents of LCT byte 14 (LCT byte 46). If a change occurred in
the designated data set status bit(s), the change is indicated by the setting of bit 3 of
LCT byte 17 (LCT byte 49) which is de51gnated as data set status change In addition,
several other actlons could take place:

o The CCP may be started if bit 3 of LCT 8 (LCT 40) is ON.
o The CPU may be interrupted if bit 2 of LCT 8 (LCT 40) is ON. If bits 2 and 3 are
both ON, bit 2 will take precedence.

If the data set scan is being used when a CCP is not active, then it is reasonable to
either start a CCP or interrupt the CPU. If a CCP is active, there is no obvious advan-
tage to the data set scan. It may be more convenient to enable the data set scan so the
CCP can check data set status in the LCT area as compared to checking LRS5 directly.
It is not clearly any faster one way or the other. Usually, data set status need only be
checked at end of message to ensure that nothing has changed.

It is possible to use the data set scan to start the CCP even if the CCP is active. This

" is because the scan only occurs when the CCP is not running so no conflict is possible.
When the CCP starts, however, there is a problem because the CCP would have to
determine why it had been activated (channel request inten'upt or data set scan). This
decision would slow down the normal character processmg loop enough to make this
mode undesirable in most cases.

It is also possible to use the data set scan to interrupt the CPU while a CCP is active.
This, however, can lead to confusion concerning input status (see “CPU Interrupts”).
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SELECTED MLCP/DLCP A-10 AT97



CPU INTERRUPTS

CPU interrupts are caused by the following three actions in the Processor:

o Block termination (GNB with I bit3 set)
o Data set scan
o INTR instruction

A data set scan interrupt (status change) sets bit 11 of LCT status (specifically, bit 3
of LCT byte 17/49%). If in addition a data set scan interrupt were valid, then bit 1 of
LCT byte 16/48 is set.

An INTR instruction sets bit 0 of LCT status (bit O of LCT byte 16).

As a response to either of these interrupts, the software could read LCT status
directly via the Input LCT Byte instruction (function code IE). When a GNB occurs,
LCT status is copied into the CCB status and LCT status is cleared. When a CCB
completes, status bit 3 of CCB status is set. If an interrupt was generated on that CCB,
bit 1 of CCB status is set. If only CCBs and related interrupts are being used, the Input
Next CCB Status instruction (function code 1A) and Input CCB Status instruction
(function code 18) are used.

It becomes difficult for the software when CCBs are used in conjunction with data
set scan interrupts or INTR instructions because of the three choices of input status
commands available. In practice, rarely would the various causes of interrupts be used
together so that it is generally obvious which I/O command to issue in response to an
interrupt. Some of the more typical cases will be described.

CCBs as Cause of CPU Interrupts

If CCBs are the only cause of interrupts, the software response to an interrupt is
Input Next CCB Status instruction (function code 1A). If that status is complete and
bit 1 is set, the cause of the interrupt has been detected. If bit 1 is not set, the opera-
tion can be repeated until a CCB is found with bit 1 set. This is the most common
usage of interrupts. In this case the assumption is that some CCBs were output by the
software with 1 bits and some without (i.e., in a message spanning several blocks an
interrupt would not be required on every block). Refer to the previous discussion of
the “get next block’ cause of interrupt.

One usage of the INTR instruction in conjunction with CCBs is in the case of a
receipt of a long message of unknown length. In this case it is not efficient for the main
memory program to set I bits in CCBs, not knowing which was to be the end. For this
situation, an alternate method is to output CCBs without I bits and use the INTR
instruction followed by a GNB to cause an interrupt based on a CCP-detected event
(e.g., EOM).

Data Set Scan as Source of CPU Interrupts

If a data set scan is the only source of interrupts, the software response to an inter-
rupt would be to check LCT status. This would be the case, for example, in an auto
answer mode of operation.

3The “I” bit is bit 0 of the CCB control byte.

4If data set status changes and bit 2 of LCT byte 8/40 is set, bit 1 of LCT byte 16/48 will be set. There will be no
termination of the current CCB. When the main memory program executes an Input Status (code 18) or Input Next
CCB Status (code 1A) instruction, the CCB status will be zero. The LCT status (LCT byte 16/48) should then be
read;if bit 1 is set, a data set scan interrupt has occurred.
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Combination of CCP Interrupts and INTR in Debug ‘

Another usage is modifying CCP by the addition of INTR instructions to create
breakpoints. In this case, at certain points of significance in the CCP, a branch(es)
would be added, pointing to an INTR instruction. Following the INTR, an INZ would
be used to freeze activity for software analysis via a dump routine. The software
response to an interrupt would be as in the case of a CCB causing a CPU interrupt (see
previous discussion) except when the Input Next CCB Status indicated an incomplete
CCB. That response would be a signal to the software that this interrupt was not
CCB-related but INTR-related. A check of LCT Status would then show bit 1 set.

More complex usage of the three types of interrupts are possible. The major point

* to be made is that it can be difficult to determine the cause of the interrupt if they are
intermixed too freely in one application.

DEFERRED INTERRUPT QUEUE

When the Processor has reached an event which requires a CPU interrupt, that
interrupt is sent via the megabus/bus regardless of other prior responses of the CPU to
interrupts. This particular interrupt may be accepted (ACK) or rejected (NAK)
depending on the CPU level at that time. If an interrupt is rejected, that event is noted
by the Processor and the interrupt is retried when the retry interrupt megabus signal
-occurs. The Processor maintains a count of the number of deferred interrupts on a per-
channel basis. That count can have a value from O to 3. When the retry interrupt mega-
bus signal occurs, that event is noted and deferred interrupts are resubmitted by the
firmware in background mode. Firmware in background mode scans the channels in
turn and sends an interrupt for each channel that has a non-zero count for deferred
interrupts. If the interrupt succeeds, the count is decremented by one. Only a single
pass through the channel is made for each retry interrupt megabus signal.

The presumption in the Processor is that the major source of deferred interruptsis
CCBs which have completed but for which the CPU has not yet taken the interrupts.

FORBIDDEN OPERATIONS

Undefined Op Codes

The MLCP/DLCP includes no protection for undefined op codes. The op codes
which are legal are those in Figure 4-2. Others will cause unpredictable operation with
unspecified results.

Undefined Function Codes

The MLCP includes no protection for undefmed function codes. For the DLCP, all
undefined function codes cause an unavailable resource trap in the CPU. Only those
function codes listed in Table 2-1 are legal. Others will cause unpredictable operations.

Unprotected MLCP/DLCP Memory
The Processor contains no protection of its memory other than those inherent in its
addressing scheme. For example:

o A JUMP instruction has a range sufficient to allow a CCP to jump to itself (an
endless loop), or to a CCB or LCT location.

o A block mode write can access all of the Processor memory and can therefore
overwrite locations used by other channels if care is not taken.

o An Output LCT Byte instruction can change any LCT byte, many of which
should not be modified by software.

o An ST instruction can change any LCT location, many of which should not be
modified by software. '
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CAUTION

Those LCT locations, specified as reserved firmware working locations, contain infor-
mation which may be of interest to some users’ — The information within these
locations is subject to change in future implementations. The result is that software
which makes use of any of this information may not be transferrable to other
communications products which are otherwise compatible with the Processor.

Timeouts

There is no practical means of performing a timeout in the Processor unless that
timeout can be related to the normal character stream and accomplished by counting
channel request interrupts.

It is possible for the main memory program to timeout if activity stops, or to
monitor CCP execution. The latter can be done by means of flags set by the CCP in an
LCT work area.

ADDRESSING LIMITS

Implicit in the Processor architecture are certain addressing limits which subject the
CCP to definite restrictions.

CCB Area Only Implicitly Accessible
The CCP cannot access the CCB area. All the required functions which are required
are embodied in the Processor instruction set. In particular,

LD (Next Character)
ST (Next Character)
BVBT

BVBF

BLCT

BLCF

BLBT

BLBF

GNB

0O OO0 O0OO0OO0OO0

are the total complement of instructions relating to the CCB area.

Inability of One Line to Access Another

The CCP may access the entire LCT area for a line. In that sense, the two CCPs of a
line may communicate with each other via an LCT location. There is, however, no
addressing mode which permits a CCP for one line to access another line in any way.
Any line-to-line communication must be by way of the main memory program.

NEED FOR PAD CHARACTERS

On the transmit side of the line, the adapter has an 8-bit register (LR1) which
receives the character from the Processor and an additional 8-bit shift register between
LR1 and the line. The shift register is loaded from LR1 and shifted serially out to the
line. There is therefore a delay between the loading of LR1 and the time the last bit of

$See “LCT Bytes Used by Firmware” in Section 5.
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~ that character clears the adapter and gets physically onto the line. In the synchronous
adapter that delay can be as much as 2-1/8 characters. In the asynchronous adapter,
-the delay can be a maximum of 2 characters.

' In contrast, the setting or clearing of a bit in LR2 causes that function to occur

- immediately. One can, for example, output the last character of a message to LR1 and
then turn off the transmitter before that character clears the adapter, thereby truncat-
1ng the message The bits in LR2 Wthh cause this kind of problem are adapter—specxﬁc

o Asynchronous Adapter
Request to Send
 Transmitter on
Transmit Mark
Transmit Space
o Synchronous Adapter
‘Request to Send
_Transmitter on

In order to avoid problems when making a change in one of the above at the end of
a transmission, the general rule is to follow the last character with pad characters. For
the synchronous adapter, three pad characters are recommended. For the asynchro-
nous adapter, pad characters are only required if Request to Send will be turned off at
the end of the message (half-duplex operation). In this case, use two pad characters.
The pad characters provide sufficient delay before the output to LR2 so that the real
end-of-message may get onto the line before the command to LR2 takes effect. An all
ones pad character is recommended. The actual number of pad characters which get
onto the line will vary depending on the load on the Processor at the time.

(Other adapters tend to have the same general characteristics.)

TWO-WAY ALTERNATE OPERATION

When operating in Two-Way Alternate mode, the transmitter must be turned off and
a request to send dropped at the end of transmission to condition the modem for
reception of the message from the other end of the line. The use of pad characters is
required in this case as discussed in the preceding paragraphs. In addition, another
difficulty relates to some of the earlier modems (201, 202) which tie the transmit and
receive lines together so that everything that is being transmitted is being received. In -
the asynchronous adapter, holding off the receiver is not sufficient to prevent problems
from this source. The reason is that the pac registers are still accumulating characters
when the receiver is off although no channel request interrupts are generated. The
asynchronous adapter is detecting receive overrun status, however, and will report it
as soon as the receiver is turned on. This is analagous to the phantom overrun discussed
in “Initialization” (earlier in Appendix A) and the solution is the same. After turning
off the transmitter but before turning on the receiver, execute an IN LR1 and discard
the results. This clears the overrun bit.

Another difficulty is the fact that the received message may include some of the
pad characters output at the end of the transmit operation. Defining a SOM character
and having the CCP discard everything until that point is one solution. The other
solution is to have the CCP check all received characters and discard all pads up to the
first non-pad character.

Refer to Appendix C for further detail on the asynchronous adapter receive overrun
condition. :

PROGRAMMING GUIDELINES FOR ,
SELECTED MLCP/DLCP FEATURES 7 A-14 AT97



s

ERROR HANDLING

The following subjects, all of which relate directly or indirectly to error handling,
are described:

o Conditions under which the Processor will issue a NAK
o LCT status bytes

o CCB status bytes

o Block mode read

o Abnormal CCP Termination

Conditions Under Which Processor Will Issue a NAK
Under the following conditions, the Processor will issue a NAK in response to an
input/output instruction from the main memory program:

o An input/output instruction is issued before Processor initialization the result of
a recent 10 (Output MLCP/DLCP Control) instruction is complete.®

o An IO (Output CCB Control) instruction has moved the “load”” CCB pointer to
the CCB one beyond the “status’ CCB and an IOLD (Output CCB Address and
Range) instruction is attempted before an IO (Input Next CCB Status) instruction
is executed. (The Processor will issue a NAK in response to the IOLD (Output
CCB Address and Range) instruction.)

o After CCB list initialization, an 10 (Input Next CCB Status) instruction is
attempted before the first CCB is set up.

o An IO (Input Next CCB Status) instruction has moved the ‘‘status’’ CCB pointer
to the CCB one behind the “load’” CCB and another IO (Input Next CCB Status)
instruction is attempted before the “load” CCB is set up.

After the Processor issues a NAK, processing in the main memory program continues
with the next sequential instruction. The main memory program can use a BIOF
(Branch if Input/Output Indicator False) instruction to branch back to the input/
output instruction that caused the NAK. However, only a limited number of attempts
should be made to reissue this input/output instruction since a closed (two-instruction)
loop between the input/output instruction and a BICF instruction would be endless
if a NAK were always returned.

LCT Status Bytes _

While a given CCB is active, Processor firmware uses two bytes of the related
channel’s LCT to accumulate certain status and error information. LCT bytes 16 and
17 are used for a receive channel and LCT bytes 48 and 49 are used for a transmit
channel. The format of these bytes is shown in the diagram below. A detailed discus-
sion of each significant bit position appears under “LCT Bytes 16/48 and 17/49 LCT
Status” in Section 5. ‘

$ Exception: If a second 10 (Output MLCP Control) instruction is issued to initialize the MLCP while initialization
is still in progress as the result of a recent such instruction, the MLCP will not issue a NAK; instead, execution of
the first instruction is terminated and execution of the second instruction begins. The DLCP will issue a NAK
under these conditions.
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s DATA
BYTE 16/48

& 0 [ SERVICE [ 0
STATUS ERROR
BYTE 1

SEE NOTE 1 SEE NOTE 2
LeT DATA SETOR | CORRECTED CORRECTED
DATA COMMUNICA- MEMORY

BYTE 17/49 0 CHECK 0 TIONS-PAC ERROR 0 0 ERROR
STATUS ERROR STATUS (MLCP) (DLCP)
BYTE 2 CHANGE (oLcpP=0) (MLCP =0)

NOTES: 1. This bit is set by the firmware when the CCP issues the INTR
instruction.
2. This bit is set when the data set status change causes an interrupt.

Processor firmware can update the LCT status bytes throughout the time a given
CCB is active. (The firmware sets a bit when the related condition is detected; while
the CCB is active. The firmware never resets to O any bit of the LCT status bytes.) As
soon as processing ends relative to the given CCB, the contents of the LCT status bytes
are combined with other information and transferred to the CCB status field (described
in the following subsection). The contents of LCT byte 16/48 (LCT status byte 1) are
among the information moved to byte 7 of the CCB; the contents of LCT byte 17/49
(LCT status byte 2) are among the information moved to byte 6 of the CCB (MLCP) or
to byte 6 and byte 7, respectively (DLCP). Immediately after the LCT status bytes are
used to update the CCB status field, they are reset to zero, pending activation of the
next CCB for the same channel.

While a given CCB is still active, the LCT status bytes can be read by the main
memory program through the use of the 10 (Input LCT Byte) instruction. During this
time, the CCP can read the LCT status bytes through use of format 2 LD (Load)
instructions. The CCP can manipulate bits 5 and 6 of LCT byte 16/48 for application-
specific purposes; this technique can be used for passing information from the CCP
to the main memory program (which can later read these bit positions from the CCB
status field); these bit positions are shown shaded in the diagram.

CCB Status Bytes

As soon as processing ends relative to a CCB, its status field (CCB bytes 6 and 7) is
updated by Processor firmware and is said to be “meaningful.” The CCB status bytes
are written with information transferred from the LCT status bytes combined with
other information. Bit 3 of CCB byte 7 (MLCP) or byte 6 (DLCP) is set to 1 to indi-
cate that the CCB status bytes are meaningful. Bit 0 of CCB byte 7 (MLCP) or byte 6
(DLCP) will be set to 1 if the CCP issued the INTR instruction. (Refer to the LCT
byte 16/48 diagram above.)

The CCB’s status field can be read from the main memory program by means of an
10 (Input CCB Status) or IO (Input Next CCB Status) instruction.

The format of the CCB status bytes is shown in Section 3 of this manual. Those bit
positions that are written with information from the LCT status bytes are shown
shaded. Note that CCB status byte 1 is'stored above CCB status byte 2; this order is
the opposite of the order of the status bytes in the LCT. A detailed description of
each significant bit position appears under “CCB Status Field” in Section 3.
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[ 1 2 3 4 5 6 7

ccs . UNCORRECTED
. . : 1 i MEMORY
BYTE 6 (MLCP) . patAa cce ~ ] NvALID MEGABUS
BYTE 7 (DLCP) 0 . . opEck || NONZERO ) G ‘ MEMORY PARITY ERROR (MLCP
T ‘ AND DLCP)

STATUS L RANGE % . . ADDRESS ERROR INVALID

BYTE 2 o RESIDUE enance o WG (MLCPONLY) | (MLCPONLY) |yeMony erRoR
o . (oLcp)
5 Sl S i .

gs%eumcv) INTERRUPT | ccB

BYTE 6 (DLCP) o MeMORY ‘ . { STATUS °

STATUS PROGRAM » O | comPLETE

BYTE 1 o

SEE NOTE

NOTE: This bit is set by the firmware when the CCP issues the INTR instruction.
(Refer to the LCT byte 16/48 description above.)

Block Mode Read

A block mode read is a convenient means of reading any portion of the Processor
RAM into the main memory program. The block mode is particularly useful as a
debugging tool.

For more information relative to the block mode read, see Block Mode Write in
Section 7. A block mode read is the direct counterpart of a block mode write except
for the following differences:

o A block mode read is performed over a receive channel.

o A different bit is set in the control word used with the IO (Output Channel
Control) instruction. See Section 2.

o There are no restrictions on the RAM area that can be included in a block mode
read.

o When deciding the starting RAM address and range for a block mode read (or a
block mode write), keep in mind that the RAM address is a hexadecimal byte
address.

NOTE: The status of the CCB used by the block mode read operation is not valid
(contains snapshot address ofr the RAM).

Abnormal CCP Termination
Error recovery of any abnormal CCP termination should include a CCB list reset or
channel initialize to both channels of a line pair.

MLCP LCT BYTES USED BY FIRMWARE
NOTE: This discussion pertains only to the MLCP.

Those LCT locations specified as firmware working locations contain information
which may be of interest to some users. The information within these locations is sub-
ject to change in future implementations. The result is that software which makes use
of any of this information may not be transferrable to other communications products
which are otherwise compatible with the MLCP.

The description that follows is intented for use as an aid in program development for
the MLCP only.

0/32 — This location contains the most significant 10 bits of the channel address.
This field indicates that this channel has accepted one of the following
function codes:

1C, 08, 1E, 05, 03, 0B
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: (Refer to Table 2-1.) :
5/37 — Bits 2, 5, and 6 are used by BLBT, BLBF, BLCT BLCF, BET, BEF.
' Bit 2 last block-indicator
Bit 5 last character indicator
Bit 6 equal indicator
9/41 — Refer to this chart for value of bits 3, 4.

CCB Order LCT9/41 Bit
‘ in RAM 3,4 (Note 2)
- CCB
-0 11
(Note 1) 1 . 00
2 ‘ 01
3 10

NOTES: 1. After an initialize or CCB reset, CCB 1 is the first CCB to be executed.

2. The value in bits 3, 4 is always one less than the actlve CCB (i.e., the
CCB currently being processed).

18/50 — Bits 4 through 7 are the four most significant bits of the Branch to Sub-
, routine (BS) instruction return address. :
19/51 — Bits O through 7 are the eight least significant bits of the Branch to Sub-
routine (BS) instruction return address (i.e., the address of the next sequen-
- tial instruction of the CCP after the BS instruction).
21/53 — Bits O through 7 are used by the MLCP firmware to store the contents of the

R-register whenever a CCP executes a Wait instruction or whenever a firm-

ware pause occurs. When the CCP resumes, the firmware restores the con-
tents of LCT bytes 21 and 53 to the R-register.

55 — This location is normally used for the address of the LCT location to be
input by the Input LCT Byte instruction.

CAUTION

In the layout diagrams that follow, the LCT bytes labeled “firmware use only” are

presented solely for the interpretation of memory dumps. These bits must not be
manipulated or tested by the CCP.
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0/32

2/34

3/35

4/36

5/37

6/38

7/39

8/40

9/41

o 1 2 3 a 5 6
FIRMWARE USE ONLY
CHANNEL NUMBER (WRITTEN BY FIRMWARE 1/0)
ac acl ac| ac ac ac ac ac
ac| ac] acl ac] acl ac] ac| 4c
CHARACTER CONFIGURATION
ASYNCHRONOUS
STOP BITS
CHARACTER o CHARACTER 1c CYCLIC REDUNDANCY
LENGTH PARITY oo oo oo oo - CHECK POLYNOMIAL
SYNCHRONOUS
[) 5
1c] 1c 5 2c 2c] 2, 5
CYCLIC REDUNDANCY CHECK RESIDUE
aa] aal aa) aa| aa| Yy | aal aa
aal aa] aa] aa| aal aa] aa] 4
FIRMWARE USE ONLY
LAST LAST
BLOCK CcHARACTER | FauAL
INDICATOR INDICATOR NDICATOR
4cl ac ac ac ac 4c, ac 4c)
CCP POINTER
0 0 0 0 MOST SIGNIFICANT BITS
5 5 5 5 18] 18] 18 18]
LEAST SIGNIFICANT BITS
18 18 18] 18] 18] 6l 18] 18]
CHANGE CONTROL FOR DATA SET AND COMMUNICATIONS PAC STATUS
INTERRUPT START
SCAN PR MAIN CHANNEL
CONTROL BYTE 17/49 MEMORY CONTROL 0 0 °
IF CHANGE PROGRAM PROGRAM
IF CHANGE IF CHANGE
28 24 2a 24 5 5| 5 5
FIRMWARE USE ONLY
CCB POINTER
1 LESS THAN
ACTIVE CCB
ac) acl ac ac] ac ac| acl ac

Figure A-2. MLCP LCT Locations
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2 3 P a 5 6

[ 1 7
FIRMWARE USE ONLY
10/42
ac| ac| ac| ac| ac) ac ac _ac
13|
ac| ~acl acl ag) ac| ac| acl ac
RETURN CHANNEL NUMBER AND INTERRUPT LEVEL
. 'RETURN CHANNEL NUMBER—MOST SIGNIFICANT BITS
. "
28] 28 28] 28] 28] 28 28] 8
 RETURN CHANNEL )
NUMBER—LEAST INTERRUPT LEVEL
13/45 SIGNIFICANT BITS S
2sl 28 zel . z_a] .2B| ) zsl zaI 28
DATA SET AND COMMUNICATIONS-PAC STATUS )
DATA SET STATUS COMMUNICATIONS PAC STATUS
. i ASYNCHRONOUS ’ ASYNCHRONOUS
1ams| oA CLEAR CARRIER RING SECONDARY " RECEIVE v
2 - TO SEND DETECTOR INDICATOR | GHANNEL. o 0 overpun  [ERROR 48
memm oo - SYNCHRONOUS
. SYNCHRONOUS TRANSMIT
. 0 5
a8 _ag) - 8 a8 ) 5 4| UNCERRUN 48
MASK FOR DATA SET AND COMMUNICATIONS PAC STATUS
15/47
2a] “2al’ 2a] 2a] 2a 2a] 24 2A
LCT STATUS BYTES _
PT :
16/48 FROM CCP FROM DATA SERVICE o SERVICE - PROGRAMMING PROGRAMMING o
UNTR) SET SCAN ERROR ERROR USE UsE
5 5| s | a8 3l - 3 5
DATA SET OR
. DATA COMMUNICA. | CORRECTED
17/a9 ° CHECK o TIONSPAC MEMORY 0 ) )
ERROR - STATUS ERROR
CHANGE
s| 48| . 5, a8 48| 5 tﬂ 5
SUBROUTINE RETURN FIRMWARE USE ONLY POINTER
MOST SIGNIF1
18750 MOST SIGNIFICANT
ac] _ac] ac] - ac acl ac| ac| ac
1551 LEAST SIGNIFICANT RITS
acl ac] acl adl ac| ac ac ac

Figure A-2 (cont). MLCP LCT Locations
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o 1 2 3 4 5 6 7
DATA SET AND COMMUNICATIONS-PAC CONTROL

e DATA SET CONTROL COMMUNICATIONS-PAC CONTROL

( ASYNCHRONOUS | ASYNCHRONOUS |ASYNCHRONOUS

20 SECONDARY TRANSMIT TRANSMIT .

DATA CHANNEL SPACE 1A |MARK 1A LooP-

(NOTE al—+ |  TERMINAL REQUEST | TRANSMIT 1A [~- - - == - == =f--on oo ooo - BACK Recewve TRANSWT
READY | TV feeemmm- - SYNCHRONOUS [SYNCHRONOUS TEST
SYNCHRONOUS | SPEED DIRECT
NEW SYNCH 1A | SELECT 1A |CONNECT 1A
1A 1A 1A 1A 1A

FIRMWARE USE ONLY

CONTAINS R-REGISTER WHEN CCP
EXECUTION SUSPENDED

21/53
ac] ac] ac ac) ac| acl ac| ac
22/54
ac| ac| acl el ad acl acl ac
PROGRAMMING WORK AREA
23
{NOTE b}
3| 3 3 3 3 3l 3| 3
24/56
3| 3 3| 3] 3] 3| 3] 3
25/57

iy 3 3| 3| 3 3] 3l 3| 3

26/58
Ll 3‘ 3l 3] 3‘ 3[ 3J 3

27/59
3| 3| 3| 3 3| 3| 3| 3

28/60
3] 3 3| 3| 3l 3| 3] 3

29/61
3| 3| 3] 3| 3 3| 3| 3

30/62
31 Sl M 31 3 3 3L 3 3

31/63
3] 3| 3 3 E| 3| 3 3

( NOTES: a. LCT521S A NEW WORK AREA.
b. LCT 55 {S NOW USED BY INPUT LCT BYTE COMMAND

Figure A-2 (cont). MLCP LCT Locations
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Worksheet for MLCP Only

The following worksheet may be copied and used to indicate the value to be written
into each bit position of an LCT before communications processing begins. Those bit
positions that must be reset to O before communications processing begins are so

indicated on the worksheet.

0/32

1/33

o

o

o

2/34

3/35

4/36

5/37

oljo|ojlocjojo |V

6/38

ol|lo oo

ojlolo|lololo|o] v

[=3 N Foi N

7/39

8/40

9/41

10/42

11/43

ojc|ojo

[= =N N K]

[=N F=k Noi Yo

ojojo|le

12/44

13/45

14/46

15/47

16/48

17/49

18/50

19/51

[« E=N Nl Ne)

ojlo|jo|o

ololo|e

(=} F=N Nl Kol

o ljojo o

[=1 [=N F=h e

20

21/53

o

(=}

o

22/54

oo

(=3 N=]

[« K=

23/55

24/56

25/57

26/58

27/59

28/60
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Appendix B

Communications-Pacs and Adapters
Attachable to MLCP/DLCP

‘Main memory programs and communications control programs (CCPs) must be
developed in a hardware configuration that supports program development.

Communications processing requires a Level 6 central processor, appropriate
peripheral equipment, and local communications equipment selected from the list
shown in Table B-1 or Table B-2 for the MLCP and DLCP, respectively.

TABLE B-1. COMMUNICATIONS-PAC ATTACHABLE TO MLCP

Type
Number

Description

DCM9101

DCM9102

DCM9103

DCM9104

DCM9105

DCM9106

DCM9108

DCM9109

DCM9110

DCMO9111
DCM9112
DCM9113
DCMO9114

DCM9115
DCF6927

W18-0001C

Asynchronous Communications-Pac, two lines with 30-foot (9.1-m) data set cables
(19.2K bps maximum)

Asynchronous Communications-Pac, one line with 30-foot (9.1-m) data set cable
(19.2K bps maximum)

Synchronous Communications-Pac, two lines with 30-foot (9.1-m) data set cables
(19.2K bps maximum)

Synchronous Communications-Pac, one line with 30-foot (9.1-m) data set cable
(19.2K bps maximum)

Synchronous Broadband Communications-Pac, one line with 30-foot (9.1-m) data set
cable, Bell 301/303-compatible (72K bps maximum)

Synchronous HDLC Communications-Pac, one line with 30-foot (9.1-m) data set cable
(108K bps maximum)

Synchronous Broadband Communications-Pac, one line with 30-foot (9.1-m) data set
cable, CCITT-V35-compatible (72K bps maximum)

Synchronous Communications-Pac, one line, with 30-foot (9.1-m) data set cable,
MIL188C-compatible (10.8K bps maximum)

Communications-Pac, Auto Call Feature, with 30-foot (9.1-m) cable to attach to two
auto call units

Communications-Pac, one line for current loop connection, with 30-foot (9.1-m) cable
Communications-Pac — 1 Broadband up to 72 KB, HDLC, Bell 301, 303 compatible
Communications-Pac — 1 Broadband up to 72 KB, HDLC, CCITT/V35 compatible
Communications-Pac, two lines for current loop connection, with 30-foot (9.1-m)
cables

Communications-Pac — 1 Broadband up to 72 KB, synchronous, MIL188C compatible

Universal Modem bypass, one line (4-wire cable), capable of asynchronous or
synchronous operation over a distance of 2,500 feet, can be connected to any terminal
with an EIA RS-232-C interface and can operate at bit rates up to 19,200 bps. Refer
to Appendixes C and D of this manual for programming this device.

1-foot (30.5-cm) direct connect cable, synchronous or asynchronous

COMMUNICATIONS-PACS AND ADAPTERS
ATTACHABLE TO MLCP/DLCP B-1
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TABLE B-2. DLCP ADAPTERS

Type
Number

Description

NOTE: All “Communications Adapters” include the DLCP plus the Line Interface (Adapter)

" DCM9301

DCM9302
DCM9303
DCM9304

Communications Adapter, two asynchronous lines up to 9600 baud with 30-foot
cables

Communications Adapter, one synchronous line up to 9600 baud with 30-foot cable
Communications Adapter, two synchronousvlines up to 9600 baud with 30-foot cables

Communications Adapter, one synchronous and one asynchronous lines up to 9600
baud with 30-foot cables

COMMUNICATIONS-PACS AND ADAPTERS
ATTACHABLE TO MLCP/DLCP B-2
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Appendix C

Asynchronous Line
Communications-Pacs/Adapters

An Asynchronous Line Communications-Pac/Adapter (Type DCM9101 or
DCM9102 and Type DCM9301 or DCM9304) provides an interface between the MLCP
or DLCP respectively, and one or two completely independent asynchronous commu-
nications lines.! For each line, the asynchronous line adapter provides the following
services:

Serial/parallel data conversion for asynchronous bit-serial data transfers
Character synchronization by use of framing bits

Control of data sets

Monitoring of data set status

© 00O

Each communications line comprises a receive channel and a transmit channel and is
thus capable of half-duplex or full-duplex data communications operations. Each line
has an independently configurable speed (up to 9600 bits per second for DLCP and up
to 19,200 bits per second for MLCP) and an independently configurable data character
size (from 5 to 8 bits with no parity, or 6 to 8 bits including parity); each channel of a
line uses the configured line speed and data character size. The asynchronous line
adapter supports Basic Mode ASCII and similarly formatted control procedures.

The following data communications equipment and data terminal equipment is sup-
ported through an EIA RS232C interface:

o Bell System 103 or equivalent
o Bell System 113 or equivalent
o Bell System 202 or equivalent

Figure C-1 illustrates the Asynchronous Line Communications-Pac’s interface posi-
tion between the MLCP and asynchronous communications lines. (Note that the MLCP
can connect any combination of Asynchronous Line Communications-Pacs and Syn-
chronous Line Communications-Pacs up to a total of four.) Figure C-2 illustrates the
DLCP interface.

LINE REGISTERS

The programming interface to the asynchronous line adapter is achieved through its
line registers. These line registers are illustrated in Figure C-3.

As indicated in Figure C-3, each communications line is serviced by a different set of
line registers. Each channel of a line has a dedicated set of registers and also shares four
registers with the other channel of the same line.

Before data transfer operations can begin over a channel, the CCP must load line
registers 6, 4, and 2 using OUT (Output) instructions. Line register 2 must be loaded
last.

'Throughout this appendix, descriptions are based on an Asynchronous Line Communications-Pac/Adapter that ser-
vices two lines. The single-line version of the Asynchronous Adapter is identical except for the number of lines it
services. Note that reverse channels are per the 202C interface.

ASYNCHRONOUS LINE
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o Line reglster 6 is loaded with data character configuration mformatlon This 1nfor-

‘mation is obtained from LCT byte 2/34.

"0 Line register 4 must be loaded with the line speed. Normally, line register 4 is
loaded with information obtained from a byte in the LCT programmmg work area

(must be loaded by Receive channel).

o Line reglster 2 is loaded with data set control and adapter control mformatlon

This information is obtained from LCT byte 20.

MEGABUS
) ! )
MAIN CENTRAL
MEMORY PROCESSOR .
MLCP
ASYNCH
LINE
COMM.-
PAC
DATA
COMMUNICATIONS
EQUIPMENT
(LOCAL)
'DATA
COMMUNICATIONS
EQUIPMENT
(REMOTE)
DATA
TERMINAL
EQUIPMENT
(REMOTE)

Figure C-1. Interface Provided by Asynchronous Line Communications-Pac (MLCP)

ASYNCHRONOUS LINE
COMMUNICATIONS-PACS/ADAPTERS
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ANE

MODEL 23 BUS
| [

MAIN 1 CENTRAL
MEMORY PROCESSOR

SYNCHRONOUS
INTERFACE
(ADAPTER)

LINEO} ‘LINE1

DATA
COMMUNICATIONS
EQUIPMENT
(LOCAL)

DATA
COMMUNICATIONS
EQUIPMENT
(REMOTE)

[

DATA
TERMINAL

- EQUIPMENT
(REMOTE)

Figure C-2. Interface Provided by Asynchronous Line Adapter (DLCP)

Once data transfer operations have been enabled, a receive CCP uses an RECV
(Receive) or IN LRI1 instruction to obtain a data character from a receive channel’s
line register 1 following a channel request interrupt for that channel. Similarly, a
transmit CCP uses a SEND (Send) or OUT LRI instruction to load a data character
into a transmit channel’s line register 1 following a channel request interrupt for that
channel. :

During processing, a CCP may use IN (Input) instructions to read the contents of
individual line registers. OUT (Output) instructions may be used to modify the con-
tents of line registers during processing, but care must be taken to ensure that any such
modification of line register contents does not disrupt processing.

The main memory program can read the contents of line register 5 by executing an
10 (Input Data Set Status) instruction. The main memory program cannot directly
read the contents of any other line register nor can it directly modify the contents of
any line register.

ASYNCHRONOUS LINE
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LINE REGISTER O

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER &
STATUS

LINE REGISTER 6

CHARACTER CONFIG.

LINE REGISTER 7

LINE REGISTER O

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER 5
STATUS

LINE REGISTER 6

CHARACTER CONFIG.

LINE REGISTER 7

CHANNEL 0
RECEIVE

WRITTEN NOT READ

WRITTEN NOT READ

LINEO

SHARED

REGISTERS

READ, NOT WRITTEN

WRITTEN, NOT READ

CHANNEL 2
RECEIVE

WRITTEN NOT READ

LINE

SHARED

REGISTERS

+

1

4

CHANNEL 1
TRANSMIT

WRITTEN NOT READ

NO WRITE OR READ

READ NOT WRITTEN

WRITTEN NOT READ

CHANNEL 3
TRANSMIT

WRITTEN NOT READ

WRITTEN NOT READ

READ NOT WRITTEN

WRITTEN NOT READ

NO WRITE OR READ

READ NOT WRITTEN

WRITTEN NOT READ

Figure C-3. Registers of Asynchronous Line Communications-Pac/Adapter

LINE REGISTER 0

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER 5

STATUS

LINE REGISTER 6

CHARACTER CONFIG

LINE REGISTER 7

LINE REGISTER 0

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER 5
STATUS

LINE REGISTER 6

CHARACTER CONFIG.

LINE REGISTER 7



By appropriate settings of bits in LCT bytes 8/40 and 15/47, you can cause Processor
firmware to (1) scan for data set or adapter status changes reflected in line register-5
and (2) take related action(s) as directed by LCT bytes 8/40 and 15/47.

The following subsections provide more detailed information about the individual
line registers.

Line Registers for Receive Channel
As shown in Figure C-3, each receive channel has eight line registers, four of which
are shared with the transmit channel of the same line.

LINE
REGISTER RECEIVED DATA
1

The length of each data character in line register 1 is governed by the settings of bits
0 and 1 of line register 6. If the length is fewer than eight bits, the data character is
right-justified and the leftmost bits are zero-filled. In all cases, bit 7 is the first bit
received over the channel. ‘

Line Register 2 — Receive/Transmit Channel
0 1 2 3 4 5 6 7

I | | | |

DATA SET CONTROL COMMUNICATIONS-PAC/ADAPTER STATUS

ECONDARY .
REQUEST S aINEL TRANSMIT TRANSWIT Ereien
ARK

RECEIVE TRANSMIT
TEST ON

LINE
;EGISTER TERMINAL RE

READY TO SEND TRANSMIT SPACE

Line register 2 is shared by the receive channel and the transmit channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 2, both channels’ operations are affected. (In
the diagram, the letter B, R, or T in the lower right-hand corner of each bit position
indicates whether the bit pertains to both receive and transmit operations, to receive
operations only, or to transmit operations only.)

Line register 2 is loaded by the CCP with information obtained from LCT byte 20.
The significance of each bit position is described under “LCT Byte 20 — Data Set
and Adapter Control” in Section 5.

Line Register 4 — Receive/Transmit Channel

1] 1
| N N R R R
LINE
:‘(EGISTER 0 0 0 0 SPEED
ASYNCHRONOUS LINE

COMMUNICATIONS-PACS/ADAPTERS C-5
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Line register 4 is shared by the receive channel and the transmit channel of the P
same line. Its contents affect the operations of both channels.

h
Line register 4 can be loaded only by the receive channel’s CCP. This register is
normally loaded with information obtained from a byte of the LCT programmmg
work area for the receive channel.
Table C-1 indicates the lme speeds achieved by the settings of bits 4 through 7 of
line register 4.
TABLE C-1. CONFIGURABLE LINE SPEEDS FOR ASYNCHRONOUS
LINE COMMUNICATIONS-PAC/ADAPTER
Line Speed (Bits per Second)
Settings for Bits 4-7 Device Type 2108 Device Type 2118 (MLCP)
of Line Register 4 (MLCP Only) or 3118 (DLCP)
0000 No input/output 50
0001 50 75
0010 75 110
0011 110 134.5
0100 134.5 150
0101 150 200
0110 300 300
0111 ) 600 600
1000 900 1,050
1001 1,200 , 1,200
1010 1,800 1,800
1011 2,400 2,000
1100 3,600 2,400
1101 4,800 _ 4,800
1110 7,200 9,600
1111 9,600 19,200 (N/A to Device
Type 3118, MLCP Only)
Line Register 5 — Receive/Transmit Channel
[} | 1 l 2 l 3 | 4 5 ] 6 | 7
DATA SET STATUS COMMUNICATIONS-PAC/ADAPTER STATUS
ReGisren | sev UA | CEEN. | Saon | CANEL | mesaves | BSCENE | frawme
Line register 5 is shared by the receive channel and the transmit channel of the same
line. Its contents reflect data set status and adapter status. Line register 5 can be
read by the main memory program through use of an IO (Input Data Set Status)
instruction. .
If bit 0 of LCT byte 8 (or LCT byte 40) is set to 1, the entire contents of line reg-
ister 5 will be written to LCT byte 14 (or LCT btyte 46) whenever a data set or
adapter status change occurs (provided that, in LCT byte 15 (or LCT byte 47),
there is a 1 in the bit position that corresponds to the status change). Subsequent
action(s) depend on the settings of bits 1, 2, and 3 of LCT byte 8 (or LCT byte 40).
The significance of each bit position of line register 5 is describec¢ under “LCT Byte A
14/46 — Data Set and Adapter Status’ in Section 5. . Yo

ASYNCHRONOUS LINE
COMMUNICATIONS-PACS/ADAPTZRS C-6 AT97



Line Register 6 — Receive/Transmit Channel

0 1 2 | 3 4 5 | 6 7
LINE CHARACTER NOT sToP
BEGISTER LENGTH MEANINGFUL BITS NOT MEANINGFUL

Line register 6 is shared by the receive channel and the transmit channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 6, both channels’ operations are affected.

Line register 6 is loaded by the CCP with information obtained from LCT byte 2
(or LCT byte 34). (Note that the parity and cyclic redundancy check information
in LCT byte 2/34 is not meaningful to the asynchronous line adapter. The signif-
icance of each bit position is described under “LCT Byte 2/34 — Character Con-
figuration” in Section 5.

Line Registers for Transmit Channel »
As shown in Figure C-3, each transmit channel has eight line registers, four of which
are shared with the receive channel of the same line.

Line Register 1 — Transmit Channel

0 7

LINE
REGISTER TRANSMIT DATA
1

The length of each data character in line register 1 is governed by the settings of
bits 0 and 1 of line register 6. If the length is fewer than eight bits, the leading bits
must be specified as zeros in order to generate parity correctly (when the data
character is transferred to line register 1); in this case, the data character is right-
justified in line register 1 and the leading zeros are not included in transmissions.

If parity is to be generated, the parity bit (the leftmost bit of the defined character
length) must be specified as a zero (when the data character is transferred to line
register 1); the Processor generates the correct parity during the transfer to line
register 1. The parity bit is included in transmissions.

In all cases, bit 7 is the first bit of the data character to be transmitted over the
channel.

Line Register 2 — Receive/Transmit Channel

0 1 2 3 a4 5 6 7
1 I | | | |
DATA SET CONTROL COMMUNICATIONS-PAC/ADAPTER CONTROL
LINE SECONDARY LOOP-
REQUEST TRANSMIT TRANSMIT RECEIVE TRANSMIT
RecisTen | TEAMINAL | FEQUEST | cHawweL | [ZAN e BACK o ™
8 B B T T B R T
ASYNCHRONOUS LINE
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Line register 2 is shared by the transmlt channel and the receive channel of the same
line. Its contents affect the operations -of both channels. If either channel’s CCP
modifies the contents of line register 2, both channels’ operations are affected. (In
the diagram, the letter B, R, or T in the lower right-hand corner of each bit position
indicates whether the bit pertains to both receive and transmit operations, to receive
operations only, or to transmit operations only.)

Line register 2 is loaded by the CCP with information obtained from LCT byte 20.
The significance of each bit position is described under “LCT Byte 20 — Data Set
and Adapter Control” in Section 5.

Line Register 4 — Receive/Transmit Chaﬁnel

LINE . .
EEGISTER 0 0 [ [ I SPEED

Line register 4 is shared by the transmit chahnel and the feceive channel of the same

line. Its contents affect the operations of both channels.

Line register 4 can be loaded only by the receive channel’s CCP. See the description
of line register 4 under “Line Registers for Receive Channel,” earlier in this section.

Line Register 5 — Receive/Transmit Channel

R A R SR B ’ ’ ’
DATA SET STATUS . COMMUNICATIONS-PAC/ADAPTER STATUS
LINE DATA SECONDARY
CLEAR CARRIER RING )
REGISTER SET CHANNEL RESERV RECEIVE FRAMING
g NEADY TO SEND DETECTOR INDICATOR Pty €D OVERRUN ERROR

Line register 5 is shared by the transmit channel and the receive channel of the same
line. Its contents reflect data set status and adapter status. Line register 5 can be
read by the main memory program through use of an 10 (Input Data Set Status)
instruction.

If bit 0 of LCT byte 40 (or LCT byte 8) is set to 1, the entire contents of line reg-
ister 5 will be written to LCT byte 46 (or LCT byte 14) whenever a data set or
adapter status change occurs (provided that, in LCT byte 47 (or LCT byte 15),
there is a 1 in the bit position that corresponds to the status change). Subsequent
action(s) depend on the settings of bits 1, 2, and 3 of LCT byte 40 (or LCT byte 8).

The significance of each bit position of line register 5 is described under “LCT Byte
14/46 — Data Set and Adapter Status” in Section 5.

Line Register 6 — Receive/Transmit Channel

0 1 2 3 4 5 6 7
l [ | l
e sTER CHARACTER NOT sToP NOT MEANINGFUL
A LENGTH MEANINGFUL BITS
ASYNCHRONOUS LINE

COMMUNICATIONS-PACS/ADAPTERS C-8
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Line register 6 is shared by the transmit channel and the receive channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 6, both channels’ operations are affected.

Line register 6 is loaded by the CCP with information obtained from LCT byte 34
(or LCT byte 2). (Note that the parity and cyclic redundancy check information in
LCT byte 2/34 is not meaningful to the asynchronous line adapter.) The significance
of each bit position is described under “LCT Byte 2/34 — Character Configuration”
in Section 5.

PROGRAMMING CONSIDERATIONS

The paragraphs that follow present detailed programming requirements for the
asynchronous line adapter.

Data Transfers

Within the asynchronous line adapter, each data transfer is channel-specific and
involves one (of the four) line register 1 and a ‘“‘shift” buffer associated exclusively
with that specific line register 1. The shift buffer is a hardware register controlled
internally by the adapter hardware.

During receive operations, bits of a data character are serially received in a shift
buffer.? After reception of an entire character (of the length specified by bits 0 and 1
of line register 6), the accumulated contents of the shift buffer are transferred to the
receive channel’s line register 1 and a channel request interrupt is generated. (As soon
as the shift buffer’s contents have been transferred to line register 1, the buffer is
available for the reception of the first bit of the next incoming character.) When the
receive channel’s CCP is started in response to the channel request interrupt, it can
issue an RECV (Receive) or an IN LRI instruction to transfer the data character from
line register 1 into the Processor’s R-register.

During transmit operations, the asynchronous line adapter generates a channel
request interrupt as soon as the previous contents of the transmit channel’s line reg-
ister 1 have been transferred to the associated shift buffer for serial transmission.
When the transmit channel’s CCP is started in response to the channel request inter-
rupt, it can load the R-register with a data character and then issue a SEND (Send)
instruction to transfer that character from the R-register to line register 1. The data
character will remain in line register 1 until each bit of the preceding data character
has been serially transmitted from the associated shift buffer. (The number of bits
transmitted is governed by the character length specified in bits O and 1 of line reg-
ister 6.) When the preceding data character has been transmitted, the data character
in line register 1 is transferred to the associated shift buffer and a channel request
interrupt is generated.

NOTE: Two pad characters are required before resetting Request to Send or
Transmit on.

Channel Request Interrupts

The asynchronous line adapter generates a channel request interrupt (on a channel-
specific basis) whenever a data transfer between the Processor and the adapter is pos-
sible. For a receive channel, the channel request interrupt occurs when the receive
channel’s line register 1 has been loaded with an incoming data character. For a trans-
mit channel, the channel request interrupt occurs when the transmit channel’s line
register 1 is “empty” and can be loaded with the next data character for transmission.?

2The occurrence of a “start bit” on the communications channel initiates reception of the bits of a data character.
The last bit of the data character is followed by one or more “stop bits.” The start bit and the stop bit(s) (known
as framing bits) are not received in the shift buffer.

3 If a data character is not provided in response to a channel request interrupt, the transmit channel will hold data
output in a mark (logical 1) condition when it is time to transmit the data character not provided.

ASYNCHRONOUS LINE
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 Table 1-2 indicates the Processor’s priorities for serv1¢1ng channel request interrupts.

A CCP will not be required to service successive channel request interrupts faster than
- the character rate for that channel.

' Channel request interrupts will not be enabled for a receive channel unless bit 6
(receive on) is set to 1 in line register 2. Channel request interrupts will not be enabled
for a transmit channel unless bit 1 (request to send) and bit 7 (transmit on) of line

register 2 are set to 1; in addition, bit 1 (clear to send) of line register 5 must be set to '

1 by the adapter.

“Transmit Space/Mark : :

A transmit channel can be directed to hold data output in a space (loglcal 0) or
mark (logical 1) condition if bit 3 (transmit space) or bit 4 (transmit mark) of line
register 2 is set to 1. (These conditions are mutually exclusive.) For additional informa-
tion, see ‘““LCT Byte 20 — Data Set and Adapter Control” in Section 5. :

NOTES: 1. Default is the transmit mark and the CC,P, need not set it.
2. Whenever a transition occurs between normal transmission and mark or
space, it must be preceded by two null characters or truncation will
occur. :

“Loop-Back” Test

‘A “loop-back” test is performed 1f bit 5 (loop-back test) of line register 2 is set to 1.
(In addition, bit 1 (request to send) and bit 7 (transmit on) of line register 2 must be
set to 1.) In this case, data characters sent to the transmit channel’s line register 1 will
be “looped back” to the receive channel’s line register 1 without being transmitted.

The transmit channel will be held in a mark (logical 1) condition durmg a “loop- back”,

test and no external data will be received.
- The ‘“‘loop-back” test is possible regardless of whether the communications line is

connected to an asynchronous line adapter by means of data communications equip-
ment or whether the communications line is direct-connected to the asynchronous

line adapter. The transfer occurs at the line speed 1nd1cated by the settings of bits 4
through 7 of line register 4 for the line.

Receive/Transmit On

Channel request interrupts are not enabled for a receive channel unless bit 6 (receive
on) of line register 2 is set to 1. Channel request interrupts are not enabled for a
transmit channel unless bit 7 (transmit on) of line register 2 is set to 1.4

Line Speed

The speed of each line of an asynchronous line adapter is governed by the settmgs of
bits 4 through 7 of that line’s register 4. Each channel of the line operates at the indi-
cated speed. This speed is used in all situations regarding the line:

o Line connected to asynchronous line adapter by means of data communications
equipment

o Line direct-connected to asynchronous line adapter

o Line operating in “loop-back’ test mode

Clear to Send
Bit 1 (clear to send) of line register 5 must be set to 1 in order for channel request
interrupts to be enabled for a transmit channel.’

4Ir, addition, for a transmit channel, bit 1 (request to send) of line register 2 must be set to 1. Moreover, bit 1 (clear

to send) of line register 5 must be set to 1 by the adapter.
51In, addition, bit 1 (request to send) and bit 7 (trzansmit on) of line rogistex 2 mnst Le set to 1.

ASYNCHRONOUS LINE
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Receive Overrun

Because of the nature of the asynchronous line adapter, it is capable of receiving
even when the receiver is off. There is a danger that any time the receiver is turned on
there may be a character or a character and a receive overrun error already stored from
a previous operation. A channel initialize does not clear these conditions, but the
Processor general initialize will.

A receive overrun occurs when a data character in a receive channel’s line register 1
is overwritten with another incoming data character because the CCP did not respond
quickly enough to the channel request interrupt generated for the overwritten data
character. A receive overrun condition causes bit 6 (receive overrun) of line register 5
to be set to 1. This bit is reset to O (by the adapter) when the CCP next receives a
data character before it is overwritten.

The receive overrun condition also causes bit 2 (data service error) of LCT byte 16
to be set to 1 whenever a RECV instruction is executed. When the contents of LCT
bytes 16 to 17 are transferred to the CCB status bytes at the end of processing relative
to a CCB, this bit setting permits end-of-block processing to detect and respond to the
receive overrun condition.

Refer to the sample segment of a channel program shown in Figure C-4. This applies
to both MLCP and DLCP.

This is the correct sequence to flush the receiver. The IN LR1 transfers the leftover
character from the adapter, then the receiver is turned on to allow interrupts and the
WAIT turns off the channel program until a new character is received. The new charac-
ter clears the overrun error and gives an interrupt, and the channel program resumes
processing in the normal manner.

#5AMPLE PROGRAM FOR RECEIVE ON ASYNCHRONOUS LINE ADAPTER
SR KAk RAAK
*K AR KRN
Hok ko dk
KAk
*k
*INITIALIZE RECEIVE CHANNEL AND TURN ON RECEIVE
LoC AS YREC START OF RECEIVE CHANNEL PROGRAM

BVEBF BLOKNG NOT A VALIOV CCB,GO TO ERROR
L 2 . GET CONFIGURATION
out 6 PJT IT IN LINE REGISTER 6
Lo 30 GET BAUD RATE FROM LCT30
ouT 4 STORE IN LINE REGISTER 4
*HAVE TO 0O AN IN LR1 T3 CLEAR ANY LEFT OVER UATA OR ERRORS
IN I IN LINE REGISTER | 1O CLEAR
Lo 20 GET LINE CONTROL LCT20
OR =£702¢ SET RECEIVE BIT
ST 20 PUT RESULT BACK IN LCT20
ouT 2 LOAV LINE REGISTER 2
Loc NEXT TAG FOR NEXT CHARACTER
NALT WAIT FOR INTERRUPT
RECV 0 INPUT CHARACTER
Al =Xs1r? CLEAR BIT ZERO TO STRIP PARITY
SI , SENVU BYTE TO MEMORY
C =Xs0u COMPARE FOR CARRIAGE RETURN
BeT Edo Ir EQUAL BRANCH TO END
BLCF - NEXT IF NOT LAST CHARACTER THEN GO FOR NEXT

Figure C-4. Sample Program for Receive on Asynchronous Line Adapter (MLCP and DLCP)

ASYNCHRONOUS LINE
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*dekkdkkk
L2222 2]
Fede ek

ST 1o
*0ORCE A CPU INTERRUPT
INTR

WAIT
B ASYREC

FRARKK kR kK

*ENU OF BLOCK WITAOUT CARRIAGE RETURN
Lo 31 GET CHANWEL PROG ERROR WORK BYTE

SET BIT 4 LINE TO LONG ERROR
PUT BYTE BACK

LJOAD STATUS BYTE 1

SET PROGRAMMER STATUS 01

10 INFORH CPU PRUG OF ERROR

LOAU CHANNEL CONTROL

RESEI RECEIVE

RETURN NEW 20

V0 OUT T0 LR2 TO TURN OFF RECV

. INTERRUPT CPU TO NOTICE ERROR
~'WAIT FOR START IO

WHEN START 10 START OVER

BRANCH IF NOT LAST BLOCK TO GET NEXT

OFF RECV, INTERRUPT WILL COME FROM GNB TO CPU
LOAU LINE CONTROL LCT20

TURN OFF RECV BIT

PUT NEW 20 BACK

‘TURN OFF RECEIVER

GET NEXT BLOCK TO UPUATE STATUS
WAIT UNTILL START IO
START DVER WHEN START 10

GET NEXT BLOCK TO UP OATE STATUS
BRANCH IF NEXT CCB IS VALIUD

LOAU LINE CONTROL 20

RESET RECEIVE BIT

RESTORE NEW CONTROL ID 20

TURN OFF RECEIVER

LOAD ERROR WORK BYTE LCT31

SET BLOCK NOT VALID BIT

PJUT IT IN WORK LCT3I

LOAU STATUS WORD 1 .

SET PROGRAMER.S#ATUS BIT 6

THIS WILL INFORM CPU PROG OF ERROR INTERRUPT

SENu INTERRUPT TO CPU
WAIT FOR START IO
START OVER WHEN START IO

- OR . =Xs087
ST 31
L. lo
0? o =£'02'
*TURN OFF RECEIVE CdANNEL
Lo 20
AND =X’Fu’
ST 20
sV} 2
INTR
WAIT ) ’
B ASYREC
*“HECK FOR LAST BLOCK
Lac ENv
BLBF GETN
*TAIS WAS THE LASL BLOCK TURN
Lo 20
ANV =£’Fu’
ST 20
ouT 2
GNB
NAXI
ASYREC
*NOT LAST BLObK .uET NEXT BLOCK
GETN
GNB
BVBT - NEXT
MNEXT BLOCK IS NOT VALID,SIGNAL CPU OF ERROR
Loc BLUKNb
Lo 20
ANV =X’Fu”
ST 20
ouT 2
Lo 31
‘OR =X7047
ST 31
Lo 1o
ORr =X702/

*THIS IS A SAMPLE RECEIVE CHANNEL PROGRAM THAT DOES NOT ECHO DATA  BACK TO
*THE TERMINAL. TO DO THIS THE TRANSMITTER WOULD HAVE TO BE CONTROLLED BY
*THE RECEIVE CCP TO TRANSMIT EACH CHARACTER BACK TO THE OPERATOR.

Figure C-4 (cont), Sample Program for Receive on Asynchronous Line Adapter (MLCP and DLCP)
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Framing Error ) ‘

A framing error occurs when the asynchronous line adapter detects a missing stop
bit for a data character. (The expected number of stop bits is indicated by the setting
of bit 4 of line register 6.) A framing error causes bit 7 (framing error) of line register
5 to be set to 1. If a framing error is reported, the preceding data bits should be
analyzed to ascertain whether a line break has occurred.

A framing error is detected on the receive channel but is stored in a transmit error
bit. If the transmitter is turned on before another receive byte is input, then the
transmit will show a data service error in the status which is unrelated to the transmit.

If a framing error occurred and the character was accepted through the use of the
RECV command, then the condition is reflected in bit 2 of LCT status byte 1 (LCT 16),
a data service error. The data service error indication on transmit status (LCT/CCB
Status Byte 1) should always be ignored.

It is also possible for the transmit channel program of an asynchronous line to reset
data service error so that it never appears in the CCB status.

The normal receive break detection checks line register 5 bit 7 after every channel
request interrupt. If set, the character just received is checked by the CCP to see if it
has a value of zero. If zero, the CCP should assume that it is the break key on the
terminal. If not zero, then the adapter has detected a valid framing error which should
be reported as a line error in the normal manner. :

Character Length

The length of each data character to be received or transmitted is specified by the
settings of bits O and 1 in line register 6. This character length includes parity (5-bit
mode cannot have parity). The same character length applies to both channels of a line.

Line register 6 is loaded with information obtained from LCT byte 2/34. During
data transfer operations, the character length specified in line register 6 must match the
character length specified in LCT byte 2/34. For additional information, see “LCT
Byte 2/34 — Character Configuration” in Section 5.

Parity

The type of parity to be generated or checked by the Processor for each data char-
acter (as an option) is indicated by the setting of bit 3 of LCT byte 2/34. The
asynchronous line adapter neither generates nor checks parity; thus the setting of bit 3
in line register 6 (which is loaded with information obtained from LCT bute 2/34) is
not meaningful.

Stop Bits

The number of stop bits associated with each data character is specified by the
setting of bit 4 in line register 6. Line register 6 is loaded with information obtained
from LCT byte 2/34. For additional information, see “LCT Byte 2/34 — Character
Configuration” in Section 5.

Cyclic Redundancy Check

The cyclic redundancy check polynomial to be used by the Processor (as an option)
is indicated by the settings of bits 5 and 6 of LCT byte 2/34. The asynchronous line
adapter does not perform cyclic redundancy checking; thus the settings of bits 5 and 6
in line register 6 (which is loaded with information obtained from LCT byte 2/34) are
not meaningful.

ASYNCHRONOUS LINE
COMMUNICATIONS-PACS/ADAPTERS C-13 ATS7



Master Clear ' ' : L '

Execution of an 10 (Output MLCP/DLCP Control) instruction by the main memory
program causes (among other operations) a master clear of each adapter. A master clear
causes each adapter to be unconditionally placed in a quiescent state; each line register
2 of each adapter reset to zero and all channel request interrupts are inhibited.

Line/Channel Number Assignment

Within an individual asynchronous line adapter, lines and channels are numbered as
shown below.®

Line Number Channel Number Direction

0 ’ 0 Receive

0. 1 : Transmit

1 2 ' Receive

1 3 Transmit

Externally, the line and channel numbers of each adapter conform to the Processor-
relative line and channel numbering system shown in Table 6-1. The Processor-relative
channel numbers are used by input/output instructions from the main memory
program.

Device Identification Number

The device identification numbers for the asynchronous line adapters are given
below. This device identification number can be obtained by a main memory program
through use of an 10 (Input Device Identification Number) instruction. Use of this
instruction allows the main memory program to verify that a given communications
channel is serviced by the appropriate type of adapter:

Type Device Identification
DCM9101/DCM9102 to 9600 bps 2108 (MLCP)
DCM9101/DCM9102 to 19200 bps 2118 (MLCP)
DCM9301/DCM9304 to 9600 bps 3118 (DLCP)

PHYSICAL INTERFACE TO DATA COMMUNICATIONS EQUIPMENT AND DATA
TERMINAL EQUIPMENT

The asynchronous line adapter provides a separate, identical physical interface for
each communications line. This interface is designed to permit connection of data
communications equipment or data terminal equipment having a standard EIA RS-232-C
interface. The asynchronous line adapter’s physical interface is also suitable for data
communications equipment or data terminal equipment havinga CCITT V24 interface —
provided the equipment’s electrical circuitry is compatible with the adapter.

The asynchronous line adapter’s physical interface comprises 10 signals plus ground
per line. See Table C-2. This interface permits connection of the most frequently used
data communications equipment and data terminal equipment that supports line
speeds of up to 19,200 bits per second. Note, however, that not all features of all
such equipment are supported.

¢ These, line and channel numbers are based on an asynchronous line adapter that services fwo lines. A single-line
asynchronous adapter has cnly channels 0 and 1 of line 0.

ASYNCHRONOUS LINE ) :
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TABLE C-2. PHYSICAL INTERFACE OF ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER

Pin | To/From EIA Bit Positions
No. | DCE/DTE Function RS-232-C | CCITT V24 LR2 LRS
2 T Transmitted Data BA 103
3 F Received Data BB 104
4 T Request to Send CA 105 1
5 F Clear to Send CB 106 1
6 F Data Set Ready cc 107 0
7 - Signal Ground AB 102
8 F Received Line Signal CF 109 2
Detector
11 T Secondary Transmitted Data SBA 118 2
12 F Secondary Received Data SSB 119 4
20 T Data Terminal Ready CDh 108 0
22 F Ring Indicator CE 125 3
ASYNCHRONOUS LINE
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Appendix D

Synchronous Line
Communications-Pacs/Adapters

A Synchronous Line Communications-Pac/Adapter (Type DCM9103 or DCM9104
(MLCP) and Type DCMO0302 or DCM9303 (DLCP)) provides an interface between the
MLCP or DLCP respectively, and one or two completely independent synchronous
communications lines.! For each line, the synchronous line adapter provides the
following services:

o Serial/parallel data conversion for synchronous bit-serial data transfers

o Character synchronization by use of a synchronization character such as the
ASCII SYN

o Control of data sets

o Monitoring of data set status

Each communications line comprises a receive channel and a transmit channel and is
thus capable of half-duplex or full-duplex data communications operations. Each line
has a clocked, independently configurable speed (up to 20,000 bits per second for
MLCP or up to 9600 bits per second for DLCP)? and an independently configurable
data character size (from five to eight bits—including parity, if used); each channel of a
line uses the configured line speed and data character size. The synchronous line
adapter supports BSC, Basic Mode ASCII, and similarly formatted control procedures.

The following data communications equipment and data terminal equipment is
supported through an EIA RS-232-C interface:

Bell System 201A, B, C, or equivalent
Bell System 203A, B, or equivalent
Bell System 208A, B, or equivalent
Bell System 209 or equivalent

© 00O

Figure D-1 illustrates the Synchronous Line Communications-Pac’s interface posi-
tion between the MLCP and synchronous communications lines. (Note that the MLCP
can connect any combination of Synchronous Line Communications-Pacs and Asyn-
chronous Line Communications-Pacs up to a total of four.) Figure D-2 illustrates the
DLCP interface.

LINE REGISTERS

The programming interface to the synchronous line adapter is achieved through its
line registers. These line registers are illustrated in Figure D-3.

! Throughout this appendix, descriptions are based on a Synchronous Line Communications-Pac/Adapter that
services two lines. The single-line version of the synchronous line adapter is identical except for the number of lines
it services.

*Each line’s speed is governed by the associated data set, or by either the MLCP’s fixed-rate clock, or the DLCP
clock settable for each line. Details appear under “Data Transfer Clocks,” later in this appendix.
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Figure D-1. Interface Provided by Synchronous Line Communications-Pac (MLCP)
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Figure D-2. Interface Provided by Synchronous Line Adapter (DLCP)
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LINE REGISTER O

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3
LINE REGISTER 4

LINE REGISTER &
STATUS )

LINE REGISTER 6
CHARACTER CONFIG.

LINE REGISTER 7

LINE REGISTER O

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER 5
STATUS

LINE REGISTER 6
CHARACTER CONFIG.

LINE REGISTER 7

NOTE: FOR DLCP, CANNOT BE LOADED. SYNCHRONIZATION CHARACTER IS USED AS FILL CHARACTER,

CHANNEL O
RECEIVE

WRITTEN NOT READ

READ NOT WRITTEN

WRITTEN NOT READ

CHANNEL 2
RECEIVE

WRITTEN NOT READ

READ NOT WRITTEN

WRITTEN NOT READ

LINEO

SHARED
REGISTERS

LINE1

SHARED
REGISTERS

CHANNEL 1
TRANSMIT

WRITTEN NOT READ

READ NOT WRITTEN

WRITTEN NOT READ

CHANNEL 3
TRANSMIT

WRITTEN NOT READ

READ NOT WRITTEN

WRITTEN NOT READ

LINE REGISTER 0

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3
LINE REGISTER 4

LINE REGISTER 5
STATUS

LINE REGISTER 6
CHARACTER CONFIG.

LINE REGISTER 7

LINE REGISTER O

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER 5
STATUS

LINE REGISTER 6
CHARACTER CONFIG.

LINE REGISTER 7

Figure D-3. Registers of Synchronous Line Communications-Pac/Adapter
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As indicated in Figure D-3, each communications line is serviced by a different set of
line registers. Each channel of a line has a dedicated set of registers and also shares
three registers with the other channel of the same line.

Before data transfer operations can begin over a channel, the CCP must load line
registers 6, 4, and 2 using OUT (Output) instructions. Line register 2 must be loaded
last.

o Line register 6 is loaded with data character configuration information. This
information is obtained from LCT byte 2/34, which must be loaded first.

o Line register 4 must be loaded with a synchronization character for a receive
channel. For a transmit channel, the following applies:

For MLCP: A transmit fill character must be loaded for a transmit channel.
For DLCP: The data placed in LR4 of the receive channel serves as a transmit
fill character as well as the receive sync character. The OUT LR4 CCP instruction
applied on a transmit channel performs no operation (i.e., is a NOP).

Normally, line register 4 is loaded with information obtained from a byte in the
LCT programming work area.

o Line register 2 is loaded with data set control and adapter control information.
This information is obtained from LCT byte 20.

Once data transfer operations have been enabled, a receive CCP uses an RECV
(Receive) instruction to obtain a data character from a receive channel’s line register 1
following a channel request interrupt for that channel. Similarly, a transmit CCP uses a
SEND (Send) instruction to load a data character into a transmit channel’s line register
1 following a channel request interrupt for that channel.

During processing, a CCP may use IN (Input) instructions to read the contents of
individual line registers. OUT (Output) instructions may be used to modify the
contents of line registers during processing, but care must be taken to ensure that any
such modification of line register contents does not disrupt processing.

The main memory program can read the contents of line register 5 by executing an
10 (Input Data Set Status) instruction. The main memory program cannot directly
read the contents of any other line register nor can it directly modify the contents of
any line register.

By appropriate settings of bits in LCT bytes 8/40 and 15/47, you can cause Proc-
essor firmware to (1) scan for data set or adapter status changes reflected in line
register 5 and (2) take related action(s) as directed by LCT bytes 8/40 and 15/47.

The following subsections provide more detailed information about the individual
line registers.

Line Registers for Receive Channel
As shown in Figure D-3, each receive channel has eight line registers, three of which
are shared with the transmit channel of the same line.

Line Register 1—Receive Channel

LINE
REGISTER RECEIVED DATA
1

SYNCHRONOUS LINE
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The length of each data character in line register | is governed by the settings of bits
0 and 1 of line register 6. If the length is fewer than eight bits, the data character is
right-justified and the leftmost bits are zero-filled. In all cases, bit 7 is the first bit
received over the channel. '

Line Register 2—Receive/Transmit Channel

S B WU N IR A R B
DATA SET CONTROL COMMUNICATIONS-PAC/ADAPTER STATUS
LINE p. : ]
REGISTER | DEmAMINAL REQUEST NEW SPEED DIRECT ’ Sk RECEIVE TRANSMIT
2 et TO SEND SYNCH SELECT CONNECT i oN oN
B B 8 B v B B Rl T

Line register 2 is shared by the receive channel and the transmit channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 2, both channels’ operations are affected. (In
the diagram, the letter B, R. or T in the lower right-hand corner of each bit position
indicates whether the bit pertains to both receive and transmit operations, to receive
operations only, or to transmit operations only.)

Line register 2 is loaded by the CCP with information obtained from LCT byte 20.
The significance of each bit position is described under “LCT Byte 20—Data Set
and Adapter Control” in Section 5.

Line Register 4—Receive Channel

0 : 7

LINE . X
REGISTER SYNCHRONIZATION CHARACTER
4

Line register 4 must contain a receive synchronization character (normally the
ASCII SYN character—16 &) to be used to establish synchronization of incoming
data characters. Line register 4 is normally loaded with information obtained from a
byte of the LCT programming work area for the receive channel.

If the defined character length is fewer than eight bits, the leading bits of the
synchronization character must be specified as 1’s as this character is loaded into the
receive channel’s line register 4. If the parity must be odd or even, it must be calcu-
lated by the CCP or main memory program for the synchronization character used.
The parity would be the most significant bit of the character length specified and
does not include the leading fill bits. Note that 5-bit mode cannot have parity.

If the parity of received data characters is to be checked, the parity bit of the
synchronization character (the leftmost bit of the defined character length) must
contain the proper value as this character is loaded into the receive channel’s line
register 4.

SYNCHRONOUS LINE
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Line Register 5—Receive/Transmit Channel

0 1 | 2 | 3 | 4 5 | 6 | 7
DATA SET STATUS COMMUNICATIONS-PAC/ADAPTER STATUS
LINE DATA
CLEAR CARRIER RING RESERVED RESERVED RECEIVE TRANSMIT
REGISTER ST oy TO SEND DETECTOR INDICATOR OVERRUN UNDERRUN

Line register 5 is shared by the receive channel and the transmit channel of the same
line. Its contents reflect data set status and adapter status. Line register 5 can be
read by the main memory program through use of an 10 (Input Data Set Status)
instruction.

If bit 0 of LCT byte 8 (or LCT byte 40) is set to 1. the entire contents of line
register 5 will be written to LCT byte 14 (or LCT byte 46) whenever a data set or
adapter status change occurs (provided that, in LCT byte 15 (or LCT byte 47). there
is a 1 in the bit position that corresponds to the status change). Subsequent action(s)
depend on the settings of bits 1. 2. and 3 of LCT byte 9 (or LCT byte 40).

The significance of each bit position of line register 5 is described under “LCT Byte
14/46—Data Set and Adapter Status” in Section 5.

Line Register 6—Receive/Transmit Channel

0 1 2 7

LINE
HARACTER
ReGisTER CHARACTE NOT MEANINGFUL

Line register 6 is shared by the receive channel and the transmit channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 6, both channels’ operations are affected.

Line register 6 is loaded by the CCP with information obtained from LCT byte 2
(or LCT byte 34). (Note that the parity and cyclic redundancy check information
in LCT byte 2/34 is not meaningful to the synchronous line adapter.) The signifi-
cance of each bit position is described under “LCT Byte 2/34—Character Config-
uration’ in Section 5.

Line Registers for Transmit Channel
As shown in Figure D-3, each transmit channel has eight line registers, three of
which are shared with the receive channel of the same line.

Line Register 1 —Transmit Channel

0 7

LINE
REGISTER TRANSMIT DATA
1

The length of each data character in line register 1 is governed by the settings of bits
0 and 1 of line register 6. If the length is fewer than eight bits, the leading bits must
be specified as zeros (when the data character is transferred to line register 1); in

SYNCHRONOUS LINE
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this case, the data character is rlght-Justlfled in line register 1 and the leading zeros
are not included in transmissions. '

If parity is to be generated, the parity bit (the leftmost bit of the defined character
length) and the fill bits if needed must be specified as a zero (when the data character
is transferred to line register 1); the Processor generates the correct parity during
the transfer to line register 1. The parity bit is insérted in the leftmost bits of the
defined character length and is included in transmissions.

In all cases, bit 7 is the first bit of the data character to be tiansm;tted over the
- channel. '

Line Register 2—Receive/Transmit Channel

0 | 1 | 2 l' 3 | 4 C- 5 6 7
DATA SET CONTROL i v | COMMUNICATIONS-PAC CONTROL
LINE DATA ’ S . : .
REGISTER |  TERMINAL REQUEST NEW SPEED DIRECT goor | mecewve TRANSMIT
2 e TO SEND SYNCH SELECT | CONNECT el _ON OoN
8 - 8 B B . 8 8 R ] T

Line register 2 is shared by the transmit channel and the receive channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 2, both channels’ operations are affected. (In
the diagram, the letter B, R, or T in the lower right-hand corner of each bit position
indicates whether the bit pertains to both receive and transmit. operations, to
receive (operations only, or to transmit operations only.)

Line register 2 is loaded by the CCP with information obtained from LCT byte 20. -
The significance of each bit position is described under “LCT byte 20—Data Set and
Communications-Pac Control” in Section 5.

Line Register 4—Transmit Channel

0 ; - 7

LINE
REGISTER : TRANSMIT FILL CHARACTER
4

The use of this channel depends upon whether a MLCP or a DLCP is present, as -
follows:

For MLCP: Line register 4 must contain a transmit fill character (normally the
ASCII SYN character— 16 ) to be used as idle time fill or in case of a transmit
underrun. Line register 4 1s normally loaded with information obtained from a
byte of the LCT programming work area for the transmit channel.

If the defined character length is fewer than eight bits, the leading bits of the
transmit fill character must be specified as 1’s as this character is loaded into the
transmit channel’s line register 4.

If parity is to be generated for transmitted data characters, the parity bit of the
transmit fill character (the leftmost bit of the defined character length) must contain
the proper value as this character is loaded intc the transmit channe; s line register 4.
Note that 5-bit mode cannot have parity.

SYNCHRONOUS LINE
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For DLCP: Line register 4 cannot be independently loaded by the transmit CCP.
When LR4 is loaded with a synchronization character by the receive CCP, the
synchronization character is also used as a fill character. Normally both of these
characters are the ASCII synchronization character, 16l 6

Line Register 5—Receive/Transmit Channel

0 | 1 | 2 | 3 ) 5 | 6 l 7
DATA SET STATUS COMMUNICATIONS-PAC/ADAPTER STATUS
LINE DATA
CLEAR CARRIER RING RECEIVE TRANSMIT
:EG!STER :EETADV 10 SEND DETECTOR INDICATOR RESERVED RESERVED OVERRUN UNDERRUN

Line Register 5 is shared by the transmit channel and the receive channel of the
same line. Its contents reflect data set and adapter status. Line register 5 can be read
by the main memory program through use of an 10 (Input Data Set Status)
instruction.

If bit O of LCT byte 40 (or LCT byte 8) is set to 1, the entire contents of line
register 5 will be written to LCT byte 46 (or LCT byte 14) whenever a data set or
adapter status change occurs (provided that, in LCT byte 47 (or LCT byte 15),
there is a 1 in the bit position that corresponds to the status change). Subsequent
action(s) depend on the settings of bits 1, 2. and 3 of LCT byte 40 (or LCT byte 8).
The significance of each bit position of line register 5 is described under ““LCT Byte
14/46--Data Set and Adapter Status” in Section 5.

Line Register 6—Receive/Transmit Channel

0 1 2 7

H
LINE !
REGISTER
6

CHARACTER NOT MEANINGFU
LENGTH -

Line register 6 is shared by the transmit channel and the receive channel of the same
line. Its contents affect the operations of both channels. If either channel’s CCP
modifics the contents of line register 6, both channels’ operations are affected.

Line register 6 is loaded by the CCP with information obtained from LCT byte 34
(or LCT byte 2). (Note that the parity and cyclic redundancy check information in
LCT byte 2/34 is not meaningful to the synchronous line adapter.) The significance
of each bit position is described under “LCT Byte 2/34—Character Configuration”
in Section 5.

PROGRAMMING CONSIDERATIONS

The paragraphs that follow present detailed programming requirements for the
synchronous line adapter.

Data Transfers

Within the synchronous line adapter, each data transfer is channel-specific and
involves one (of the four) line register 1 and ‘‘shift” buffer associated exclusively with
that specific line register 1.

SYNCHRONOUS LINE
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During receive operations, bits of a data character are serially received in a shift
buffer. After reception of an entire character (of the length specified by bits 0 and 1 of
line register 6), the accumulated contents of the shift buffer are transferred to the
receive channel’s line register 1 and a channel request interrupt is generated. (As soon.

~as the shift buffer’s contents have been transferred to line register 1, the buffer is

- available for the reception of the first bit of the next incoming character.) When the
receive channel’s CCP is started in response to the channel request interrupt, it can
issue an RECV (Recelve) instruction to transfer the data character from lme reglster I
into the Processor’s R-register. ,
- During’ transmit operations, the synchronous line adapter generates a channel
request interrupt as soon as the previous contents of the transmit channel’s line register
1 have been transferred to the associated shift buffer for serial transmission. When the
transmit channel’s CCP is started in response to the channel request interrupt, it can
load the Processor’s R-register with a data character and then issue a SEND (Send)
instruction to transfer that character from the R-register to line register 1. The data
character will remain in line register 1 until each bit of the preceding data character has
been serially transmitted from the associated shift buffer. (The number of bits trans-
mitted is governed by the character length specified in bits O and 1 of line register 6.)
When the preceding data character has been transmitted, the data character in line
register 1 is transferred to the associated shift buffer and a channel request interrupt is
generated. Three pad characters are requlred before resetting Request to Send (lme
register 2, bit 1) or Transmit On (line register 2, bit 7) ,

Channel Request Interrupts

- The synchronous line adapter generates a channel request 1nterrupt (on a channel— '
specific basis) whenever a data transfer between the Processor and the adapter is pos-
sible. For a receive channel. the channel request interrupt occurs when the receive
channel’s line register 1 has been loaded with an incoming data character. For a
transmit channel. the channel request interrupt occurs when the transmit channel’s line
register 1 is “empty” and can be loaded with the next data character for transmission.

Table 1-2 indicates the Processor’s priorities for servicing channel request interrupts.
A CCP will not be required to service successive channel request interrupts faster than
the character rate for that channel.

Channel request interrupts will not be enabled for a receive channel unless bit 6
(receive on) is set to 1 in line register 2. Channel request interrupts will not be enabled
for a transmit channel unless bit 1 (request to send) and bit 7 (transmit on) of line
register 2 are set to 1; in addition, bit 1 (clear to send) of line register 5 must be set to
1 by the adapter.

Speed Selection -

During ‘‘normal’ operations (i.e., communications line connected to synchronous
line adapter by means of data communications equipment and no ‘loop-back” of
transmitted data), the data transfer rate for a line is governed by a clock in the data set.
If the data set clock permits data transfers at either of two speeds, bit 3 of line register
2 can be used to indicate which of the two speeds is desued In all cases, each channel
of a line uses the indicated data transfer rate.

Direct Connect ,

If a communications line is direct-connected to a Synchronous Line Communi-
cations-Pac (i.e., local data communications equipment is not used as an interface), bit
4 of line register 2 must be set to 1. In this case, the data transfer rate for the line is
governed by either the MLCP’s fixed-rate clock or the DLCP internal clock for that line
,(see Table 6-3). Each channel of the line uses the indicated data transfer rate. If this bit
is not on, an external timing source is being used.

SYNCHRONOWS LINE
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“Loop-Back’ Test

A “loop-back” test is performed if bit 5 (loop-back test) of line register 2 is set to 1.
(In addition, bit 1 (request to send) and bit 7 (transmit on) of line register 2 must be
set to 1.) In this case, data characters sent to the transmit channel’s line register 1 will
be “‘looped back” to the receive channel’s line register 1 without being transmitted.
The transmit channel will be held in a mark (logical 1) condition during a ““loop-back”
test and no external data will be received.

The ““loop-back” test is possible regardless of whether the communications line is
connected to a synchronous line adapter by means of data communications equipment
or whether the communications line is direct-connected to the synchronous line
adapter. The data transfer rate is governed by the MLCP’s fixed-rate clock or the DLCP
internal clock for the line (see Table 6-3).

Receive/Transmit On

Channel request interrupts are not enabled for a receive channel unless bit 6 (receive
on) of line register 2 is set to 1. Channel request interrupts are not enabled for a
rransinit channel unless bit 7 (transmit on) of line register 2 is set to 1.3

Receive Character Synchronization

Whenever bit 6 (receive on) of line register 2 changes trom O to 1. the synchronous
line adapter begins searching for a synchronization character in the shift buffer asso-
ciated with the receive channel’s line register 1. As each bit is received over the com-
munications line, the synchronous line adapter compares the accumulated character in
the shift buffer with the contents of line register 4 (which contains the user-provided
receive synchronization character). When the character (bit pattern) in the shift buffer
matches the character in line register 4. the character in the shift buffer (i.e.. the
synchronization character) is loaded into the receive channel’s line register 1 and a
channel request interrupt is generated. (No channel request interrupts will have been
generated while the synchronous line adapter was searching for the synchronization
character.) In the case of the MLCP. once character synchronization is achieved. the
synchronization character and. in turn. each subsequent data character is transferred
to line register 1 causing a channel request interrupt to be generated. For the DLCP
the synchronization character which achieves synchronization is discarded and is not
available in LR1, nor does it cause a channel request interrupt.

Bit 6 (receive on) of line register 2 changes from 0 to 1 when line register 2 is loaded
with a suitable value after being initialized (to zero) by an IO (Output Channel
Control) or O (Output MLCP/DLCP Control) instruction from the main memory
program. This bit is also changed from O to 1 when an SFS (Search for Synchroni-
zation) instruction is executed by the CCP. In this latter case, the SFS instruction
should be followed by a WAIT (Wait) instruction; the CCP will be suspended until
detection of a synchronization character causes a channel request interrupt to be
generated for this channel. To avoid a false synchronization, the user should evaluate
the next character. If it is a synchronization character, then it can be assumed that the
line is synchronized and normal data processing can begin. If, however, the next char-
acter is not a synchronization character, the user should assume a false synchronization
and restart the search for synchronization.

*In addition. for a transmit channel, bit 1 (request to send) of line register 2 must be set to 1. Moreover, bit 1 (clear
to send) of line register S must be set to 1 by the adapter.

SYNCHRONOUS LINE
COMMUNICATIONS-PACS/ADAPTERS D-11 AT97



Clear to Send

Bit 1 (clear to send) of line register 5 must be set to 1 in order for channel request
interrupts to be enabled for a transmit channel.? This bit position is maintained by the
adapter.

Receive Overrun
A receive overrun occurs when a data character in a receive channel’s line register 1
" is overwritten with another incoming data character because the CCP did not respond
quickly enough to the channel request interrupt generated for the overwritten data
character. A receive overrun condition causes bit 6 (receive overrun) of line register 5
to be set to 1. This bit is reset to O (by the adapter) when the CCP next receives a data
character before it is overwritten.

The receive overrun condition also causes bit 2 (data service error) of LCT byte 16
to be set to 1. When the contents of LCT bytes 16 and 17 are transferred to the CCB
status bytes at the end of processing relative to a CCB, this bit setting permits end-of-
block processing to detect and respond to the receive overrun condition.

Transmit Underrun

When the synchronous transmitter is turned on, a transmit underrun error may
occur causing a transmit data serivce error in the CCB status. A transmit underrun
occurs when a CCP does not load the transmit channel’s line register 1 quickly enough
in response to a channel request interrupt. In this case, bit 7 (transmit underrun) is set
to 1 in line register 5 and a transmit fill character (from the transmit channel’s line
register 4) is transferred to the shift buffer associated with the transmit channel’s line
register 1. Bit 7 of line register 5 is reset to O (by the adapter) when the CCP next loads
the transmit channel’s line register 1 before a second channel request interrupt is
generated.

The transmit underrun condition also causes bit 2 (data service error) of LCT byte
48 to be set to 1. When the contents of LCT bytes 48 and 49 are transferred to the
CCB status bytes at the end of processing relative to a CCB, this bit setting permits
end-of-block processing to detect and respond to the transmit underrun condition.

If a specific sequence of transmit fill characters is required in the event of a transmit
underrun, it is the responsibility of the CCP to respond to a transmit underrun as soon
as it is detected and then provide the desired sequence of characters. (The first transmit
fill character will be obtained from the transmit channel’s line register 4.) In the DLCP,
since the transmit fill character is equal to the synchronization character, a “DLE-
SYNC” sequence cannot be generated. Therefore a CRC error will occur and subse-
quent retransmission in a transparent application will occur automatically.

Setting bit 7 of line register 2 causes an indication of a transmit underrun in line
register 5 bit 7; the use of the SEND instruction at this time causes bit 2 of transmit
LCT status bit 1 (LCT 48) to be set indicating data service error. To avoid the latter,
use one of the following methods.

Method 1. Since most synchronous messages start with three or four synchroniza-
tion characters and since lead characters are not normally included in CRC, these
characters could be sent using the OUT instruction.

Method 2: After transmitting three or four synchronization characters using the
SEND command, read LCT byte 48 (tranomlt status byte 1), reset bit 2, and then
write the result to LCT byte 48.

4In addition, bit 1 (request to send) and bit 7 (transmit cn) of line register 2 must be setto 1.
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Refer to the portion of a sample program shown in Figure D-4.

The (OUT 1) command does not check for error conditions and therefore does not
set the data service error status bit. The underrun error is cleared when the second
OUT 1 is executed because the transmit shift register and the holding register now have
valid data. The CRC is not calculated on synchronization characters and this technique
does not disrupt the error checking.

*SAMPLE PROGRAM TO SHOW STARTUP WITHOUT CAUSING UNDERRUN ERROR
13 2832235:%131:2 8
dede Wdede k kW dkEhk
Wk ko ok ek ik
%k ke Ak k%R
TRk kW kR
*dkk
ThhR
*k
*INITIALIZE FOR SYNCHROUS TRANSMIT START uP
Loc SYNXMT
L 2 GET CHANNEL CONFIGURATION FROM LCT2
out 6 OUTPUT TO LINE REGISTER 6
Lo X267 LOAD R TO SYNC CHARACTER
ouT 4 QUTPUT SYNC TD LR4
L 31 LOAD CONTROL NORD PASSED BY CPU
ST 20 STORE IN 20 ALWAYS = LR2
QuT 2 QUTPUT ALSO TO LR2
L aX’167 LOAD R WITH SYNC CHARACTER
—> oJT 1 OUTPUT DATA SYNC |
WAIT WAIT FOR INTERRUPT
—> OUT 1 OUTPUT UATA SWNC 2
WNAIT NAIT FOR INTERRUPT
—> oUuT 1 OUTPUT DATA SYNC 3
NAIT WAIT +FOR INTERRUPT
—=> oUT 1 OUTPUT DATA SYNC 4
WAIT WAIT FOR INTERRUPT
*4 SYNC CHARACTERS SENT PROCEED TO PROCESS BLOCK IN FORMAT REQUIRED

Figure D-4. Sample Program Showing Startup Without Causing Underrun Error (MLCP and DLCP)

Character Length

The length of each data character to be received or transmitted is specified by the
settings of bits 0 and 1 in line register 6. This character length includes parity (if in 6-,
7-, or 8- bit mode, no parity in S-bit mode). The same character length applies to both
channels of a line.

Line register 6 is loaded with information obtained from LCT byte 2/34. During
data transfer operations, the character length specified in line register 6 must match the
character length specified in LCT byte 2/34. For additional information, see “LCT
Byte 2/34—Character Configuration” in Section 5. Note that only 6-bit and 8-bit
modes are supported by the cyclic redundancy checking.

Parity

The type of parity to be generated or checked by the MLCP for each data character
(as an option) is indicated by the setting of bit 3 of LCT byte 2/34. The synchronous
line adapter neither generates nor checks parity: thus the setting of bit 3 in line register
6 (which is loaded with information obtained from LCT byte 2/34) is not meaningful.

SYNCHRONOUS LINE
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Data Transfer Clocks
Each line may use one of two clock sources: one external (e.g., modem), one

“internal (the MLCP clock common to all lines or the internal DLCP clock for each
line). ,

The data set clock is used if the communications line is connected to the synch-
ronous line adapter by means of data communications equipment and if data transfers
are taking place in “‘normal” (i.e., not ‘“loop-back’ test) mode. (If the data set clock
permits data transfers at either of two speeds, bit 3 of line register 2 can be used to
indicate which of the two speeds is desired.) :

The MLCP’s fixed-rate clock is used if the communications line is direct-connected

~to the Synchronous Line Communications-Pac and/or if data transfers are taking place

in “‘loop-back” mode (see bits 4 and S of line register 2). The possible settings of the
MLCP’s fixed-rate clock are shown in Table 6-3. ‘

There is only one fixed rate clock per MLCP, which forces all lines that are directly
connected to run at the selected speed of the fixed-rate clock.

For the DLCP, an internal clock is available for each line and may be 1nd1v1dually
set for each line. Refer to Table 6-3. :

Master Clear

Execution of an 10 (Output MLCP/DLCP Control) instruction by the main memory
program causes (among other operations) a master clear of each adapter. A master clear
causes each adapter to be unconditionally placed in a quiescent state; each line register
2 of each adapter is reset to zero and all channel request interrupts are inhibited.

Line/Channel Number Assignment
Within an individual synchronous lme adapter, lines and channels are numbered
as shown below.®

Line Number Channel Number Direction
0 0 ' Receive
0 1 Transmit
1 2 Receive
1 3 Transmit

Externally. the line and channel numbers of each adapter conform to the Processor-
relative line and channel numbering system shown in Table 6-1. The Processor-relative
channel numbers are used by input/output instructions from the main memory
program. : :

Device Identification Number

The device identification number for a Synchronous Line Communications-Pac
(MLCP) is 2158,4. For the DLCP synchronous line adapter, the device identification
number is 3158,4. This device identification number can be obtained by a main
memory program through use of an 10 (Input Device Identification Number) instruc-
tion. Use of this instruction allows the main memory program to verify that a given
communications channel is serviced by the appropriate type of adapter.

*These line and channel numbers are based on a synchronous line adapter tha: services rwe lines. A single-line
synchronous line adapter has only channels Oand 1 of line 0.
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PHYSICAL INTERFACE TO DATA COMMUNICATIONS EQUIPMENT AND DATA
TERMINAL EQUIPMENT

The synchronous line adapter provides a separate. identical physical interface for
each communications line. This interface is designed to permit connection of data
communications equipment or data terminal equipment having a standard EIA RS-
232-C interface. Signal timing characteristics are compatible with EIA RS334. The
synchronous line adapter physical interface is also suitable for data communications
equipment or data terminal equipment having a CCITT V24 interface—provided the
equipment’s electrical circuitry is compatible with the adapter.

The synchronous line adapter’s physical interface comprises 12 signals plus ground
per line. See Table D-1. This interface permits connection of the most frequently used
medium-speed data communications equipment and data terminal equipment. Note,
however, that not all features (e.g., reverse channel) of all such equipment are
supported.

TABLE D-1. PHYSICAL INTERFACE OF SYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER

Pin To/From EIA Bit Positions
No. DCE/DTE Function RS-232-C [ CCITT V24 LR2 LRS5
2 T Transmitted Data BA 103
3 F Received Data BB 104
4 T Request to Send CA 105 1
5 F Clear to Send CB 106 1
6 F Data Set Ready CcC 107 0
7 - Signal Ground AB 102
8 F Received Line CF 109 2
Signal Detector
14 T New Sync - - P
15 F Transmitter Signal DB 114
Element Timing
17 F Receiver Signal DD 115
Element Timing
20 T Data Terminal Ready CD 108 0
22 F Ring Indicator CE 125 3
23 T Data Signal Rate CH 111 3
Selector

4Not applicable in direct-connect or “loop-back” test mode.
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Appendix E

Synchronous Broadband Communications-Pacs

A Synchronous Broadband Communications-Pac (Type DCM9105 or DCM9108)
pirovides an interface between the MLCP and one synchronous communications line,
The Synchronous Broadband Communications-Pac provides the following services:

@)

Serial/parallel data conversion for synchronous bit-serial data transfers

0o Character synchronization by use of a synchronization character such as the
ASCIT SYN

Control of data sets

Monitoring of data set status.

C o

The communications line comprises a receive channel and a transmit channel and is
thus capable of half-duplex or full-duplex data communications operations. It has a
clocked configurable speed up to 72.000 bits per second! and a configurable data
character size (from five to eight bits — including parity, if used); each channel of a line
uses the configured line speed and data character size, The Synchronous Broadband
Communications-Pac supports BSC, Basic Mode ASCII, and similarly formatted control
procedures.

The following data communications equipment and data terminal equipment is
supported:

DCM9105:
Bell System 301B or equivalent
Bell System 303 or equivalent
DCM9108:
CCITT-V36-compatible interface, supporting Bell System DDS using Data Service
Units at 56 kbs.

Figure E-1 illustrates the Synchronous Broadband Communications-Pac’s interface
position between the MLCP and a synchronous communications line. (Note that a
MLCP can connect a Synchronous Broadband Communications-Pac in combination
with Asynchronous Line Communications-Pacs up to a total of four, subject to overall
total throughput considerations, A single broadband line can be intermixed with other
line types on a single MLCP, i.e., one broadband line per MLCP is a limit.)

LINE REGISTERS

The programming interface to the Synchronous Broadband Communications-Pac is
achiceved through its line registers. These line registers are illustrated in Figure E-2.

As indicated in Figure E-2, each communications line is serviced by a different set of
line registers. Each channel of a line has a dedicated set of registers and also shares
three registers with the other channel of the same line.

Before data transter operations can begin over a channel, the CCP must load line
registers 6, 4, and 2 using OUT (Output) instructions, Line register 2 must be loaded
last,

!Each line’s speed is governed by the associated data set or by the MLCP’s fixed-rate clock. Details appear under
“Data Transfer Clocks,” later in this appendix.
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(REMOTE)

Figure E-1. Interface Provided by Synchronous Broadtand Communications-Pac
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READ NOT WRITTEN

WRITTEN NOT READ

READ NOT WRITTEN

WRITTEN NOT READ

CHANNEL 2
RECEIVE

G
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LINE 1

SHARED
REGISTERS
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READ NOT WRITTEN

CHANNEL 3
TRANSMIT

READ NOT WRITTEN
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LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER 5
STATUS

LINE REGISTER 6

CHARACTER CONFIG.

LINE REGISTER 7

LINE REGISTER O

LINE REGISTER 1

LINE REGISTER 2
CONTROL

LINE REGISTER 3

LINE REGISTER 4

LINE REGISTER &
STATUS

LINE REGISTER 6

CHARACTER CONFIG.

LINE REGISTER 7

Figure E-2. Registers of Synchronous Broadband Communications-Pac



o Line register 6 is loaded with data character configuration information before
transmit on or rcceive on bits (line register 2) are set. This information is obtamed
from LCT byte 2/34, which must be loaded first. :

0 Linc register 4 must be loaded with a synchronization. character (for a receive
channel) or a transmit fill character (for a transmit channel). IMPORTANT: A
line register for a receive channel must not be loaded if the transmitter is turned

"~ on (sct). This refers to bit 7 of linc register 2 for receive operations. Normally,
line register 4 is loaded with information obtamud from a bytc in the LCT
programming work arca.

O Line register 2 is loaded with data sct control and Communications-Pac conrrol
miormatlon T]ns information is obtamcd from LCT byte 20.

Line Regnters for Receive Channel
As shown in Figure E-3, cach receive channel has mght line registers, three of which
“are shared with the transmlt channel of the same linc.

COMMUNICATIONS LINE

64-BYTE BUFFER

(FIRST 63BYTES
INVISIBLE TO CCP)

LINE
REGISTER 1 —f

‘ TO MLCP

Figure E-3. Line Register 1 for Receive Channel

The 64-byte buffer is a temporary storage facility that is automatically filled by the
Communications-Pac hardwarc as data is received over the line. This buffer, with the
exception of the 8-bit line register 1, is not visible to the CCP, but whether or not it is
empty can be tested by the BART and BARF instructions. (Refer to the description of
line register 5 bit 4 later in this section.) The buffer prevents overrun when other
channels are active; it is the responsibility of the programmer to cnsure that the
accumulated data characters are accepted by the CCP. Refer to the topic under
“Programming Considerations™ later in the section for “catch up” techniques.

The length of each data character in line register 1 is governed by the settings of bits
0 and 1 of line register 6. If the length is fewer than eight bits, the data character is
right-justificd and the leftmost bits are zero-filled. In all cases, bit 7 is the first bit
received over the channel,

SYNCHRONOUS BROADBAND
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Line Register 2—Receive/Transmit Channel

0 1 2 3 4 5 6 7
DATA SET CONTROL gg'\,\wggL'CAT'ON"S'PAC
LINE DATA RESER- | Reser. |B!RECT LOOP | gEcE)vE |TRANSMIT
REGISTER CONTROL VED VED CONNECT|  BACK | gy ON
2 (SEE BELOW) SELECT TEST

TYPICAL BELL 301B OR BELL DDS WITH DATA SERVICE UNIT AT 56 KBS:

0 1 2 3 7
REQ.
RFU TO REorr SEE ABOVE
SEND

TYPICAL BELL 303 AND CCITT-V35

0 ] 2 3 7
DATA REQ.
TERM TO CESDER“ SEE ABOVE
READY SEND

Figure E-4. Line Register 2 for Receive Channel

Line register 2 is shared by the receive channel and the transmit channel of the same
line. Its contents affect the operations of both channels, If cither channel’s CCP
modifics the content of line register 2, both channels’ operations are affected. (In the
diagram, the letter B, R, or T in the lower right-hand corner of cach bit position
indicates whether the bit pertains to both reccive and transmit operations, to receive
operations only, or to transimit operations only.)

Line register 2 is loaded by the CCP with information generally obtained from LCT
byte 20. The significance of each bit position is described under “LCT Byte 20 — Data
Set and Communications-Pac Control’’ in Section 5.

Line Register 4—-Receive Channel

]

LINE
REGISTER TRANSMIT FILL CHARACTER
4

Figure E-5. Line Register 4 for Receive Channel

Line register 4 must contain a receive synchronization character (normally the
ASCII SYN character-16, ) to be used to establish synchronization of incoming data
characters. Line register 4 is normally loaded with information obtained from a byte of
the LCT programming work area for the receive channel,

If the defined character length is fewer than cight bits, the leading bits of the
synchronization character must be specified as 1s as this character is loaded into the
receive channel’s line register 4. If the parity must be odd or even, it must be calculated
by the CCP or main memory program for the synchronization character used. The
parity would be the most significant bit of the character length specified and does not
include the leading fill bits. Note that 5-bit mode cannot have parity.
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if the parity of received data characters is to be checked, the parity bit of the
synchronization character (the leftmost bit of the defined character length) must
contain the proper value as this character is loaded into the receive channel’s line

register 4.

LINE
REGISTER

5

Line Register 5—Receive/Transmit Channel
0 : 3 4 5 6 7
DATA SET STATUS COMMUNICATIONS-PAC STATUS
DATA SET STATUS ADAPTER 'BFSQ’;'ES"X“T REC XMIT
(SEE BELOW) READY EMPTY OR UR
TYPICAL BELL 301B:
0 1 2 3 4 7
' CLEAR | CARRI-
INTER- | 7O ERON/ | BESEF SEE ABOVE
SEND OFF
BELL 303B:
0 1 o2 3 4 7
DATA CLEAR
SET TO f‘gg'( mgG SEE ABOVE
READY | seEnD :
BELL DDS WITH DATA SERVICE UNIT AT 56'KBS:
0 1 2 ’ 3 4 7
DATA CLEAR
SET TO RLsD* | BESER- SEE ABOVE
READY SEND v
*RECEIVED LINE SIGNAL DETECTOR
CCITT V-35
0 1 2 3 4 7
DATA CLEAR
SET TO RLSD* ot SEE ABOVE
READY | SEND :

Line register 5 is shared by the receive channel and the transmit channel of the same
line. Its contents reflect data set status and Communications-Pac status. Line register 5
can be read by the main memory program through use of an IO (Input Data Set Status)

*RECEIVED LINE SIGNAL DETECTOR

Figure E-6. Line Register 5 for Receive Channel

instruction.

If bit O of LCT byte 8 (or LCT byte 40) is set to 1, the entire contents of linc
register 4 will be written to LCT byte 14 (or LCT byte 46) whenever a data set or
Communications-Pac status change occurs (provided that, in LCT byte 15 (or LCT
byte 47), there is a 1 in the bit position that correspondsto the status change).
Subsequent action(s) depend on the settings of bits 1, 2, and 3 of LCT byte 9 (or LCT
byte 40).

The significance of each bit position of line register 5 is described under “LCT Byte

14/46 — Data Set and Communications-Pac Status” in Section 5.
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Line Register 6—Receive/Transmit Channel

0 1 2 7

LINE
- CHARACTER
6REGIbTER LENGTH NOT MEANINGFUL

Figure E-7, Line Register 6 for Receive Channel

Line register 6 is shared by the receive channel and the transmit channel of the same
finc. Its contents affect the operations of both channcls. If cither channel’s CCP
modifies the contents of line register 6, both channels’ operations are affected.

Line register 6 is loaded by the CCP with information obtained from LCT byte 2 (or
LCT byte 34). (Notc that the parity and cyclic redundancy check information in LCT
byte 2/34 is not mcaningful to the Synchronous Line Communications-Pac.) The
significance of cach bit position is described under “LCT Bytc 2/34 - Character
Configuration” in Section 5. i

Line Registers for Transmit Channel
As shown in Figure E-2, cach transmit channel has cight linc registers, three of which
are shared with the reccive channel of the same line.

Line Register [—Transmit Channel

MLCP

{

LINE
REGISTER 1 —w
64—-BYTE BUFFER

(LAST 63BYTES ARE
INVISIBLE TO USER)

* TO COMMUNICATIONS LINE

Figure E-8. Line Register 1 for Transmit Channel

The 64-byte buffer is a temporary storage facility that is automatically filled by the
Communications-Pac hardware as the CCP transfers each data character to line register
1. This buffer, with the exception of the 8-bit line register 1, is not visible to the CCP,
but whether or not it is full can be tested by the BART and BARF instructions. (Refer
to the description of linc register 5 bit 4 later in this section.) The buffer prevents
underrun by allowing the accumulation of data characters to be transmitted. Refer to
“Programming Guidclines” later in this scction for a description of these “getting
ahcad” techniques.

The length of each data character in line register 1 is governed by the settings of bits
0 and 1 of line register 6. If the length is fewer than eight bits, the leading bits must be
specified as zeros (when the data character is transferred to line register 1); in this case,
the data character is right-justified in line register 1 and the leading zeros are not
included in transmissions.

If parity is to be generated, the parity bit (the leftmost bit of the defined character
length) and the fill bits if needed must be specified as a zero (when the data character
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is transferred to line register 1); the MLCP generates the correct parity during the
transfer to linc register 1. The parity bit is inserted in the leftmost bits of the defined
character length and is included in transmissions.

In all cases, bit 7 is the first bit of the data character to be trcmsmltted over the
channel.

' me Regzster 2 Re(('n'(’/ Transmit Channel

\ ~ [COMMUNICATIONS PAC
DATASETCONTROL o
REGISTER|  CONTROL DESER- | BESER- |connEcT| BAck | BECEIVE TRANSMIT
2 | (sEEBELOW) / SELecT | test o

TYPICAL BELL 301B OR BELL DDS WITH DATA SERVICE UNITVYAT 56 KBS:

0 1 2 3 ' T
| Rea s | : . ‘ '
RFU - TO \F;E%ER‘ . -~ SEE ABOVE
SEND '

TYPICAL BELL 303 AND CCITT-V35 :
0 1 2 3 : L , 7

DATA REQ. o
TERM | TO RESER- SEE ABOVE
READY | SEND ,

Figure E-9. Line Register 2 for Transrﬁit Channel

Line register 2 is shared by the transmit channel and the receive channel of the same
~line. Its contents affect the operations of both channels. If either channel’s CCP
modifies the contents of line register 2, both channels’ operations are affected. (In the
diagram, the letter B, R, or T in thc lower right-hand corner of each bit position
indicates whether the bit pertains to both receive and transmit operations, to receive.
operations only, or to transmit operations only.)
Line register 2 is loaded by the CCP with information obtained from LCT byte 20.
The significance of each bit position is described under “LCT byte 20 — Data Set and
Communications-Pac Control” in Section 5.

Line Register 4--Transmit Channel

0 - .

© LINE
_ REGISTER - TRANSMIT FILL CHARACTER
4

Figure E-10. Line Register 4 for Transmit Channel

Line rcgister 4 must contain a transmit fill character (normally the ASCII SYN
character-16,4) to be used as idle time fill. or in case of a transmit underrun. Line
register 4 is normally loaded with information obtained from a bytc of the LCT
programming work area for the transmit channel.

If the defined character length is fewer than eight bits, the leading bits of the

~ transmit fill character must be specified as s as this character is loaded into the
transmit channel’s line register 4.

SYNCHRONOCUS BROADBAND
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If parity is to be generated for transmitted data characters, the parity bit of the
transmit fill character (the leftmost bit of the defined character length) must contain
the proper value as this character is loaded into the transmit channel’s line register 4.
Note that 5-bit mode cannot have parity.

Line Register 5- Receive/Transmit Channel

0 3 4 5 6 7
DATA SET STATUS COMMUNICATIONS-PAC STATUS
) TRANSMIT
LINE DATA SET STATUS ADAPTER |gUFFER REC XM
REGISTER (SEE BELOW) READY  |EmeTy OR U
o) -

TYPICAL BELL 301B:

0 1 2 3 4 7
INTER- CLEAR | CARBL | geseR. SEE ABOVE
TO ERON/ | g
LOCK SEND OFF D
BELL 3038:
0 1 2 3 4 7
DATA CLEAR AGC RING SEE ABOVE
READY SEND LOCK IND. o
BELL DDS WITH DATA SERVICE UNIT AT 56 KB3S:
0 1 2 3 4 7
DATA CLEAR : _ .
SET To RLSD* SE%ER' SEE ABOVE
READY SEND
*RECEIVED LINE SIGNAL DETECTOR
CCITT V-35
0 1 2 3 4 7
DATA CLEAR . )
SET TO RLSD* ,CNADLL SEE ABOVE
READY SEND ’

*RECEIVED LINE SIGNAL DETECTOR

Figure E-11. Line Register 5 for Transmit Channel

Line register S is shared by the transmit channel and the receive channel of the same
line. Its contents reflect data set and Communications-Pac status. Line register 5 can be
rcad by (he main memory program through use of an 10 (Input Data Set status)
instruction. By appropriate scttings of bits in LCT bytes 8/40 and 15/47, you can
cause MLCP firmware to (1) scan for data set or Communications-Pac status changes
reflected in line register 5 and (2) take related action(s) as directed by LCT bytes 8/40
and 15/47.

If bit 0 of LCT byte 40 (or LCT byte 8) is set to 1, the entire contents of line
register 5 will be written to LCT byte 46 (or LCT byte 14) whenever a data set or
Communications-Pac status change occurs (provided that, in LCT byte 47 (or LCT
bytc 15), there is a 1 in the bit position that corresponds to the status change).
Subscquent action(s) depend on the settings of bits 1, 2, and 3 of LCT byte 40 (or
ICT bytc 8).
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The mgmﬁc‘mcc of cach bit position of line register S is described under “I CT Byte
14/46 - Data Set and Commumc'ltlons-Pac Status” in Section 5.

Line Register 6 — Receive/Transmit Channel -

0 1 2 . ‘ B 2

| v - —

LINE ' .
REGISTER fgcg:g“" ’ NOT MEANINGFUL
6 : B

Figure E-12. Line Register 6 for Transmlt Channel

Linc register 6 is shared by the transmit channel and the receive channel of thc same
line. Its contents affect the operations of both channels. If cither channel’s CCP
modifics the contents of line register 6, both channels’ operations are affected.

Linc register 6 is loaded by the (‘CP with information obtained from LCT bytc 34
(or LCT byte 2). (Note that the parity and cyclic redundancy check information in

LCT byte 2/34 is not mecaningful to the Synchronous Line Communications-Pac.) The.

- significance of cach bit position is described under “LCT Byte 2/34 - Charactu
Configuration’ in Scction 5.

PROGRAMMING CONSIDERATIONS

‘The paragraphs that follow present detailed programming requirements for the
Synchronous Broadband Communications-Pac.

Receive/Transmit ON
Channel request interrupts are not enabled for a receive channel unless bit 6 (receive
ON) of line register 2 is set to 1. Channel request interrupts are not enabled for a
transmit channel unless bit 7 (transmit ON) of line register 2 is set to 12 See also the
" paragraph cntitled “Preloading the Transmit Buffer” later in the section.

Programming for Effective Use of the 64-Byte Buffer

A MLCP with multiple lines is subject to peak service demands due to the
simultancous occurrance of multiple channel request interrupts and I/O commands.

This occurrance causes a delay in the MLCP’s responding to some of these demands.
For a broadband line, a multibyte buffer is the solution to potential underrun and
overrun problems cau%d by any delay by the MLCP in servncmg channel request
interrupts.

To accommodate response qlowdowm by the MLCP without adding buffer

management overhead to the CCP, the Broadband buffer operates very simply. On the

transmit channel the buffer continually tries to keep itself full, while on the receive -

channel the buffer continually tries to keep itself empty. This means that the buffer
generates continual channel request interrupts until it reaches its desired condition —
full for transmit, cmpty for receive.

In cffect, thc broadband channels attempt to “hog all MLCP service as long as

buffers are not at their desired condition. This “hogging” attempt is countered by
having the broadband linc at the lowest priority, i.e., at the numerically highest
channel address on the MLCP and compensating for this low priority by having the
CCP transfer not one but multiple characters between the buffer and the MLCP in
response to cach channel request interrupt from the broadband channel.

" 2In addition, for a transmit channel, bit 1 (request to send) of line register 2 must be set to 1. Moreover, bit 1 (clear
to send) of line register 5 must be set to 1 by the Communication-Pac.
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This technique increases the total MLCP throughput because the overhead of the
CCP context save and restore (i.c., the WAIT execution time) associated with servicing
a channel request interrupt is sprecad over multiple characters rather than cach and
cvery character.

The CCP tests the status of cach broadband channel’s buffer by using the
BART/BARF (Adapter Ready) instruction. For the transmit channel, Adapter Ready
true (sct) means that the broadband buffer is not full and may, therefore, be given
another character. For the receive channel, Adapter Ready true means that the
broadband buffer is not empty and that, therefore, another character may be accepted
from the buffer.

In the paragraphs below, examples of transmit and receive CCP coding using the
BART instruction arc shown. Review the line register information given previously in
this section before proceeding.

Data Transfers: Transmit

The input to the broadband buffer is, in effect, line register 1. Characters are
transferred from the buffer to a shift register for serial-by-bit transmission over the
line. On cach character boundary (of the size dictated by line register 6) another
character is requested from the buffer which, in effect, empties line register 1 and
generates another channel request interrupt.

An examplic of the use of the BART instruction (and the correct sequence of its use
within the CCP) is shown in Figure E-13.

*TWAIT

LOC TWAIT
WAIT

*TGO

LOC TGO

LD

SEND Takes character from R-register and puts it into CR1..
BLCTATTAG1

BARTATGO Checks for transmit buffer not full.

BATWAIT

Figure E-13. Transmit Loop

Data Transfers: Receive

During a receive operation, bits trom the broadband line are assembled by the
Communications-Pac into characters of the size dictated by line register 6 and then are
transferred, on the character boundary, into the broadband buffer. The output of this
buffer is effectively line register 1. When a character reaches line register 1 a channel
request interrupt is generated. Refer to Figure E-14 below for the correct usage and
sequence of the BART instruction for a receive operation.

SYNCHRONOUS BROADBAND
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*RWAIT
LOC RWAIT
WAIT

*RGO
LOC RGO
RECV . Takes one character from LR 1 and puls inin R- reglstpr
Cna=X'93’ - Compare |mmedlale .
BETARTAG1
ST : Prepare DMA transfer to main memory
BLCTARTAG2 = Last character-test :
BARTARGO Checks for receive buffer, not empty
BARWATT : ) ’ -

Figure E-14. Receive Loop

Preloadmg the Transmit Buffer

In the preceeding paragraphs it was noted that giving the broadbdnd line lowest
priority would protect the other lines on the MLCP dgalmt “hogging” by the broad-
band line.

As can be seen from the examples of trdnsmlt and receive opemtlons (Figures E- 13

and E-14, respectively), the receive channel can prevent the servicing by the MLCP of |

the receive channel’s companion transmit channel (because receive is a higher priority
“channel than transmit). A possible qolutlon is shown in Figure E-15.

NOTE: A single broadband line can be intermixed with other linc types on a single
MLCP; i.e., one broadband line per MLCP is the limit. This technique may
be used tor each MLCP conhgured on a Level 6 system where a broadband
lmc is pre%nt

*PSTART

LOC PSTART

LD

SEND

BLCTAPTAG1

BARTAPSTART Check for transmit buffer not full
*PTAGH

LOCAPTAG1

LD~20 Fetch current content of LR2 and put in R-register

ORA'XQ1, Set Transmit On bit in R-Register

STA20 Update LCT 20

OUTA2 Turn on transmit (LR2)

WAIT- :

Figure E-15. Preloading the Transmit Buffer

“Direct Connect , :

If a communications line is direct-connected to a Synchronous Broadband
Communications-Pac (i.e., local data communications equipment is not used as an
interface), bit 4 of line register 2 must be set to 1. In this case, the data transfer rate
for the line is governed by the MLCP’s fixed-rate clock (see Table 6-3). Each channel of
the line uses the indicated data transfer rate. if this bit is not on, an external timing
source is being used.
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“Loop-Back” Test

A “loop-back” test is performed if bit 5 (loop-back test) of line register 2 is set to 1.
(In addition, bit 1 (request to send) and bit 7 (transmit on) of line register 2 must be
set to 1.) In this case, data characters sent to the transmit channel’s line register 1 will
be “looped back™ to the receive channel’s line register | without being transmitted.
The transmit channel will be held in a mark (logical 1) condition during a “‘loop-back’
test and no external data will be received.

The “loop-back” test is possible regardless of whether the communications line is
connected to a Synchronous Line Communications-Pac by means of data communica-
tions equipment or whether the communications line is direct-connected to the Syn-
chronous Line Communications-Pac. The data transfer rate is governed by the MLCP’s
fixed-rate clock (see Table 6-3).

Receive Character Synchronization

Whenever bit 6 (receive on) of line register 2 changes from O to 1, the Synchronous
Broadband Communications-Pac begins secarching for a synchronization character in
the shift buffer associated with the receive channel’s line register 1. The shift buffer is
a l-byte buffer that is (also) invisible to the CCP. It bears no relation to the 64-byte
bufter discussed previously. As each bit is received over the communications line, the
Synchronous Broadband Communications-Pac compared the accumulated character in
the shift buffer with the contents of line register 4 (which contains the user-provided
receive synchronization character). When the character (bit pattern) in the shift buffer
matches the character in line register 4, the character in the shift butfer (i.e., the syn-
chronization character) is loaded into the receive channel’s line register 1 and a channel
request interrupt is generated. (No channel request interrupts will have been generated
while the Synchronous Broadband Communications-Pac was searching for the syn-
chronization character.) Once character synchronization is achieved, the synchroniza-
tion character and, in turn, each subsequent data character is transferred to line register
1 causing a channel request interrupt to be generated.

Bit 6 (receive on) of line register 2 changes from 0 to 1 when line register 2 is loaded
with a suitable value after being initialized (to zero) by an 10 (Output Channel Con-
trol) or 10 (Output MLCP Control) instruction from the main memory program. This
bit is also changed from 0 to 1 when an SFS (Search for Synchronization) instruction
is executed by the CCP. In this latter case, the SFS instruction should be followed by a
WAIT (Wait) instruction; the CCP will be suspended until detection of a synchroniza-
tion character causes a channel request interrupt to be generated for this channel. To
avoid a false synchronization, the user should evaluate the next character. If it is a
synchronization character, then it can be assumed that the line is synchronized and
normal data processing can begin. If, however, the next character is not a synchroniza-
tion character, the user should assume a false synchronization and restart the search for
synchronization.

Clear to Send

Bit 1 (clear to send) of line register 5 must be set to 1 in order for channel request
interrupts to be enabled for a transmit channel.? This bit position is maintained by the
Communications-Pac.

Receive Overrun

A receive overrun occurs when a data character in a receive channel’s line register 1
is overwritten with another incoming data character because the CCP did not respond
quickly enough to the channel request interrupt generated for the overwritten data

* In addition, bit 1 (request to send) and bit 7 (transmit on) of line register 2 must be set to 1.
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character. A receive overrun conditions causes bit 6 (receive overrun) of line register 5
. to be set to 1. This bit is reset to 0 (by the Communications-Pac) when the CCP next

receives a data character before it is overwritten.
The receive overrun condition also causes bit 2 (data service error) of LCT byte 16
to be set to 1. When the contents of LCT bytes 16 and 17 are transferred to the CCB

status bytes at the end of processing relative to a CCB, this bit setting permits end-of-

block processing to detect and respond to the receive overrun condition. .

. Transmit Underrun

When the synchronous transmitter is turned on, a transmit underrun error may .

occur causing a transmit data service error in the CCB status. A transmit underrun
occurs when a CCP does not load the transmit channel’s line register 1 quickly enough
“in response to a channel request interrupt. In this case, bit 7 (transmit underrun) is set
~to 1 in line register 5 and a transmit fill character (from the transmit channel’s line
register 4) is transferred to the shift buffer associated with the transmit channel’s line
register 1. Bit 7 of line register 5 is reset to 0 (by the Communications-Pac) when the

CCP next loads the transmit channel’s line register 1 before a second channel request

interrupt is generated. 4

The transmit underrun condition also causes bit 2 (data service error) of LCT byte
48 to be set to 1. When the contents of LCT bytes 48 and 49 are transferred to the
CCB status bytes at the end of processing relative to a CCB, this bit setting permits
end-of-block processing to detect and respond to the transmit underrun condition.

If a specific sequence of transmit fill characters is required in the event of a transmit
underrun, it is the responsibility of the CCP to respond to a transmit underrun as soon
as it is detected and then provide the desired sequence of characters. (The first transmit
fill character will be obtained from the transmit channel’s line register 4.)

Character Length

The length of each data chamcter to be received or transmitted is specified by the
settings of bits O and 1 in line register 6. This character length includes parity (if in 6-,
7-, or 8-bit mode, no parity in 5-bit mode). The same character length applies to both
chdnnels of a line.

Line register 6 is loaded with information obtained from LCT byte 2/34. During
“data transfer operations, the character length specified in line register 6 must match the
character length specified in LCT byte 2/34. For additional information, see “LCT

Byte 2/34 — Character Configuration™ in Section 5. Note that only 6-bit and 8-bit

modes are supported by the cyclic redundancy checking.

Line register 6 must be loaded after transmit on (bit 7 of line register 2) or receive

on (bit 6 of line register 2) is set.

Parlty
The type of parity to be generated or checked by the MLCP for each data (,hamc,ter
(as an option) is indicated by the setting of bit 3 of LCT byte 2/34. The Synchronous
Broadband Communications-Pac neither generates nor checks parity; thus the setting
of bit 3 in line register 6 (which is loaded with information obtained from LCT byte
-2/34) is not mednmgful

Cyclic Redundancy Check

The cyclic- redundancy check polynomial to be used by the MLCP (as an option) is
indicated by the settings of bits 5 and 6 of LCT byte 2/34. The Synchronous Line
Communications-Pac does not perform cyclic redundancy checking; thus the settings
of bits 5 and 6 in lire register 6 (which is loaded with information obtained from LCT

. byte 2/34) are not meaningful.
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Data Transfer Clocks

Each line may use one of two clock sources: one external (e.g., modem), one inter-
nal (the MLCP clock common to all lines).

The data set clock is used if the communications line is connected to the Synchro-
nous Broadband Communications-Pac by means of data communications equipment
and if data transfers are taking place in “normal” (i.e., not “loop-back” test) mode.

The MLCP’s fixed-rate clock is used if the communications line is direct-connected
to the Synchronous Broadband Communications-Pac and/or if data transfers are taking
place in “loop-back™ mode (see bits 4 and 5 of line register 2). The possible settings of
the MLCP’s fixed-rate clock are shown in Table 6-3.

There is only one fixed-rate clock per MLCP, which forces all lines that are directly
connected to run at the selected speed of the fixed-rate clock.

Master Clear

Execution of an 10 (Output MLCP Control) instruction by the main memory pro-
gram causes (among other operations) a master clear of each Communications-Pac. A
master clear causes each Communications-Pac to be unconditionally placed in a quies-
cent state:; each line register 2 of each Communications-Pac is reset to zero and all
channel request interrupts are inhibited.

Line/Channel Number Assignment
Within an individual Synchronous Broadband Communications-Pac, the line and its
channels are numbered as shown below.

Line Number Channel Number Direction
0 0 Receive
0 1 Transmit

Externally, the line and channel numbers of each Communications-Pac conform to the
MLCP-relative line and channel numbering system shown in Table 6-1. The MLCP-
relative channel numbers are used by input/output instructions from the main memory
program.

Device Identification Number

Two device identification numbers apply to the Synchronous Broadband
Communications-Pacs. For interfacing with Bell 301 or 303 or equivalent, the correct
device identification for the Communications-Pac is 2138, ; for interfacing via
CCITT-V35 (Bell DDS with DSU at 56 kbs), specify device identification 2168, . The
device identification number can be obtained by a main memory program through use
of an 10 (Input Device Identification Number) instruction. Use of this instruction
allows the main memory program to verify that a given communications channel is
serviced by the appropriate type of Communications-Pac.

PHYSICAL INTERFACE TO DATA COMMUNICATIONS EQUIPMENT AND DATA
TERMINAL EQUIPMENT

The Synchronous Broadband Communications-Pac provides a physical interface for
the communications line. This interface is designed to permit connection of data com-
munications equipment or data terminal equipment (for Bell System 301 or equivalent,
303 or equivalent or a standard CCITT-V35 interface (Bell DDS with DSU at 56 kbs)).
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The Synchronous Broadband Communications-Pac’s physical interface comprises 12

~ signals plus ground per line. See Table E-1 for the interface supporting the Bell 301 and

303 and/or equivalent. See Table E-2 for the CCITT-V35 interface (supportmg Bell
DDS with DSU at 56 kbs).

TABLE E-1. BELL 301, 303 — COMPATIBLE INTERFACE

Bell 301B To/From

Bell 303 Pin Function Pin DCE
C Clear to send C F
D _ Send request D T
E Send data E T
F (Note 1) Data set rcmly — F
F (Note 2) ) Ring indicator — F
- Interlock : F F
1§ External serial clock transmit H T
J Serial clock transmit J F
K Receive data K F
L Serial clock receive L F
M (Note I) AGC lock F
M (Note 2) Data terminal ready T
Carrier On/Oft M F

NOTES: 1. Center conductor
2. Outer conductor -
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TABLE E-2. CCITT-V35 INTERFACE (INCLUDING BELL DDS AT 56 KBS)

Bell DDS CCITT CCITT

DSU Pin Function V35 Pin Circuit No. Direction

A Protective ground or earth A 101 common

B Common return (Signal Ground) A 102 common

C Request to send C 105 from DTE

D Ready for sending (Clear to Send) D 106 to DTE

E Data set ready E 107 to DTE

F Data channel received line signal detector F 109 to DTE

— Connect data set to line H 108/1 from DTE

- Data terminal ready — 108/2 from DTE

— Calling indicator (Ring) J 125 to DTE

-~ - K (Note 1) - —

- — L (Note 1) — —

~ - M (Note 1) - —

— - N (Note 1) - —

R Received data A-wire R 104 to DTE

T Received data B-wire T 104 to DTE

\Y Receiver signal element timing A-wire \% 115 to DTE

X Receiver signal element timing B-wire X 115 to DTE

Y Transmitter signal element timing A-wire Y 114 (Note 2) to DTE

a Transmitter signal element timing B-wire ~ AA 114 (Note 2)  to DTE

P Transmitted data A-wire P 103 from DTE

S Transmitted data B-wire S 103 from DTE
Transmitter signal element timing A-wire U 113 from DTE

—~ - Z (Note 1) — —

— Transmitter signal element timing B-wire w 113 from DTE

—~ - BB (Note 1)  — —

— - CC (Note 1) — —

- — DD (Note 1)  — -

— — EE (Note 1)  — -

— - FF (Note 1)  —

- — HH (Note 3) — -

- — JJ (Note 3) - -

- - KK (Note 3)  — —

— — LL (Note 3) - —

m (Note 4) — MM (Note 1) — —

— — NN (Note 1)  — —

NOTES: 1. Pin number reserved for future International Standard and should not be used for domestic use.
2. When the transmit clock wraparound is enabled, CCITT circuit 114 will be wrapped aournd to CCITT
circuit 113,
3. Pin number permanently reserved for (domestic) U.S. usc.
4. Reserved for DSU testing.
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Appendix F

DCMI110 Communications-Pac,
Automatic Calling Feature

The DCMI 110 Communications-Pac, makes possible the use of the automatic calling
facility on Level 6 systems, eliminating the need for manual dial-up procedures in com-
munications networks where switched telecommunication lines are involved. The
DCM9110 Communications-Pac is attached to the Level 6 Multiline Communications
Processor (MLCP) and is also physically connected to the automatic calling device.

CONFIGURATION INFORMATION

DCMOI110 Configuration

Figure F-1 illustrates the attachment of an MLCP to a remote terminal via a
switched autocall line. The data connection is made by any of the supported modems
(e.g., Bell Type 103, 201, 202, 203, 208, 209 or equivalent) which necessitates an
appropriatc MLCP adapter. The attachment to the automatic calling device (e.g., Bell
System 801A, 801C or equivalent) is made via the DCM9110. The connection between
the data modem and the automatic calling equipment is made by the supplier of the
two DCE equipments.

The DCMI9110 Communications-Pac attaches to the Level 6 MLCP. Each
Communications-Pac supports two automatic calling devices.

Automatic Calling Devices may be any devices meeting the Electronic Industries
Association (EIA) RS-3606 specification, for example, Bell System 801A and 801C
units. The 801A unit or cquivalent is used where the existing data set mode of com-
munication uses rotary dialing. The 801C or equivalent is used where the data set mode
of communication is parallel binary signals. Two different types of automatic calling
equipment transfer to data mode arc supported by the Communications-Pac — the use
of the End-of-Number code and the receipt of answer code.

LOCAL DCE REMOTE DCE REMOTE DTE
Tonin -
INTERFACH TO/FROM
|COMMUNICA TIONS DATA L D~ [S)f{\'l:“\ TERMINAL
JLINE ADAPTER StT NETWORK g
s
b—————— iy
M 1 CONNECTION
¢ I SUPPLIED
G | wITH DCE
A MLCP fr—— — e — = —
3} | AUTOMATIC
u HCMI110 CALLING
s | AUTOMATIC | £OUIPMENT
- CALLING
] FQUIPMENT
| INTE RFACE
|
L

Figure F-1. DCM9110 Environment

DCM9110 Channel Number Assignments

In order to ease the process of properly associating the data channel and the autocall
channel, the DCM9110 includes a special configuration switch. This is a decimal rotary
switch, manually settable, which can be interrogated by the CCP. The switch can be set
to identify the MLCP line which is paired with the DCM9110 channel.

DCM9110 COMMUNICATIONS-PAC,
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Automatic Calling :
DCM9110 Channel Equipment Line Direction

o 0 Input from automatic calling unit

1 ' 0 Output to automatic calling device

2 1 Input from automatic calling device
3 1 Output from automatic calling device

Device Identification Number

The device identification number of the DCM9110 is 2120, ¢ . The device identifica-
tion number is returned in response to an Input Device Identification (function code:
26) issued to either of the four MLCP channels containing the DCM9110.

Automatic Calling Device Configuration Options

When the automatic calling equipment is ordered from the commumcatlons
common carrier, the following device type is required:

o Bell System 801A Automatic Calling Unit with rotary dialing, or equivalent unit
or :

o Bell System 801C Automatic Calling Unit with TOUCH-TONE®! dialing or
equivalent unit (preferred because of faster dialing possible)

Either type may be configured with the following (select one):

Call Termination:

by the DCM9110, turns off CRQ

. by associated communications line adapter settmg data set ready indicator
(i.e., dropping DTR) in appropriate line register.?

Transfer to Data Mode: :
Automatic calling device detects answer signal from the called station and
returns line to the associated data set (Recommended).

Automatic calling device returns line to the associated data set upon detec-
tion of End-of-Number code, used where the associated data set detects the

answer signal (e.g., Bell System 100 Series of data sets and some European
models).

Abandon Call and Retry (ACR) Timer Turn-Off:

When associated data set goes into data mode (used with automatic calling
device detection of answer signal)

Do not turn off but rather set ACR when preset time elapses (used with data
set detection of answer signal)

Interval of Abandon Call and Retry Timer: (Usér-selected Option)
7,10, 15, 25, or 40 second.

NOTE: 25 seconds is recommended interval for domestic (U.S.) application.

! TQUCH-TONE® is-a registerd trademark of the American Telephone and Telegraph Company.

Refer to the appropriate appendix of this manual for the Communications-Pac in question.
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LINE REGISTERS

The CCP program to the MLCP from the Communications-Pac is via a set of
registers. The CCP can access these registers via the IN/OUT or SEND/RECV
instructions. By appropriatec CCP programming, a dialog can be established with an
automatic calling device which calls the designated number and then transfers control
to an associated data set transmission/reception.

Note that the DCM9110 contains no storage on these signals, so that the condition
of the bit read by the CCP always represents the condition of that specific line at the
time the IN or SEND instruction is issucd.

The DCM9Y 110 has five visible registers. A one bit in one of these registers corres-
ponds to a onc bit for a digit or to on for a control or status signal at the automatic
calling device interface. These registers are defined below.

Line Register I - Output Data

NOT USED NB8 | NB4 | NB2 | NB1

Figure F-2. Line Register 1 Qutput Data

This register (FFigure F-2) is accessible on the odd channel via an OUT or a SEND
instruction. This register may not be read by the CCP. The OUT instruction is reccom-
mended because of its increased speed. Bit definitions arc as follows:

NBI  Digit Signal Circuit, low order bit
NB2  Digit Signal Circuit, sccond order bit
NB4  Digit Signal Circuit, third order bit
NB8  Digit Signal Circuit, high order bit

The information presented on these interchange circuits may either be transmitted
(c.g., digits of the called number) or used locally as a control signal. An important use
ol these interchange circuits for control purposes is the passing of the End-of-Number
code combination to the automatic calling cquipment after the last digit of the number
to be called has been passed. In response to End-of-Number, the automatic calling
equipment transfers the communication channel to the data set immediately without
waiting for an answer signal from the called data set.?

Table F-1 defines the digit signal character set.

‘}chrinted with permission of Electronic Industries Association, Interface Between Data Terminal Equipment and
Automatic Calling Equipment for Data Communication, RS-366, August 1969.
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TABLE F-1. DIGITAL SIGNAL CHARACTER SET

Digital Signal Circuit States

Digit NB8 NB4 NB2 NB1
0 0 0 0 0

1 0 0 0 1

2 0 0 1 0
3 0 0 b o

4 0 1 0 . 0.
5 0 1 0 1
6 ] I 1 ]
7 0 1 | 1

8 1 0 0 -0
9 1 -0 0 1

* 1 0 1 0.
# 1 0 I 1
EON 1 1 0 0

" Unassigned 1 1 -0 1 (See Note)
* Unassigned 1 1 1 0
Unassigned 1 1 | 1

NOTE: Used as the separation control character (SEP) in CCITT Recommendation V-24.

Line Register 1 - Input Data

NOT USED

NB8

NB4

NB2

NB1

Figure F-3 Line Register 1 lnput Data

This -register (Flgure F-3) is accessible on the even channel via the IN or RECV
instruction. The register may not be written by the CCP. The data bits are only present
when the DCM9110 is in test mode which causes line register 1 output to be loopcd

back-to line register 1 input for test purposes.

Line Register 2 — Output Control

0 1 2 3 4 5 6 7
NOT Sim NOT
USED CRQ DPR PND TEST| DIP USED

Figure F-4. Line Register 2 Qutput Control
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This register (Figure F-4) may be accessed on both channels of the DCM9110 via the
OUT instruction and may only be written. Bit definitions are as follows:

CRQ*  Call Request to automatic calling device.
Signals on this circuit are gencrated by the data terminal equipment to
request the automatic calling equipment to originate a call.

The on condition indicates a request to originate a call and must be
maintained during call origination, until Circuit Call Origination Status
(bit O of line register 5) is turned on, in order to hold the connection
to the communication channel (remains off hook). The call is aborted
il Call Request to ACU (bit 1 of line register 2) is turned off prior to
turning on Call Origination Status.

The off condition indicates that the data terminal cquipment is not
using or has completed a prior use of the automatic calling equipment.

Call Request must be turned off between calls or call attempts and
shall not be turned on unless Data Line Occupied (bit 2 of line
register 5) is in the off condition.

DPR? Digit Present to automatic calling device.
Signals on this circuit are generated by the data terminal equipment to
indicate that the automatic calling cquipment may read the code com-
bination presented on the Digit Signal Circuits NB1, NB2, NB4, and
NBE (see line register I description). The off to on transition indicates
that the data terminal equipment has sct the status of the Digit Signal
Circuits for the next digit.
Digit Present must not be turned on before a Present Next Digit signal
from the ACU has occurred, that is, a channel request interrupt is gen-
erated by the DCM9110. Digit Present must not be turned off until
after the CCP outputs the next digit. Refer to “Example 2, Transfer of
Fach Individual Digit,” in the portion of the section entitled “‘Pro-
gramming Considerations.”
The status of the Digit Signal Circuits must not change when the Digit
Present bit is in the on condition.

SIM PND Simulated Present Next Digit.

When in test mode, this bit supplies the Present Next Digit signal in
licu of the automatic calling device which has been logically
disconnected.

DIP Dial-in-Progress.
This is a signal required by the DCM9110. When on, each transition of
Present Next Digit cause a channel request interrupt to occur. When
off, the channel request interrupts caused by the transitions of Present
Next Digit are inhibited. The usce of Dial-in-Progress is to prevent an
additional channel request interrupt it the automatic calling device
generates a Present Next Digit after the last digit has been received.

4LIA RS-366, op. cit.
SEIA RS-366, op. cit.
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TEST Test mode. v
' When this bit is on, the following actions occur: v -

o Line register 1 output is looped to line register 1 input

o Output to the automatic calling device is inhibited

o Input from the automatic calling device is inhibited -

o Simulated Present Next Digit may be set for test purposes

Line Register 5 — Input Status One

cos | pwi | pLo [ AcR NOT USED

Figure F-5. Line Register 5 Input Status One

This register (Figure F-5) may be accessed on both channels of the DCM9110 via the
IN instruction and may only be read. Bit definitions are as follows. ‘

COS* Call Originating Status from automatic calling device.

(NOTE: In the Bell System 801A and 801C manuals, this is called
DSS (Dataset Status). Signals on this circuit are generated by the
automatic calling equipment to indicate the status of automatic call-
origination procedures.)

The on condition presented during a call originated by the automatic
calling equipment indicates that the automatic calling equipment has -
completed its call origination functions and that the control of the
communication channel has been transferred from Call Request (bit |
of line register 2) to Circuit CD (Data Terminal Ready)”>® in the data
set interface. When Call Originating Status is turned on, the data
terminal equipment may turn Call Request off without causing a com-
munication channel disconnect. Disconnection of the channel by the
data terminal equipment is then possible only through the associated
data set interface.

Once Call Originating Status is turned on, it shall remain on at least
until Call Request is turned off by the data terminal equipment. Call
Originating Status may come on at other times, e.g., during an incom-
ing call or a manually originated call, but any on condition appearing
at a time other than during automatic call origination by the auto-
matic calling equipment should be disregarded.

This circuit should not be interpreted to convey information regarding
the operational status or state of preparedness of the associated data
set.®

SEIA RS- 366, op. cit.
"This indication is pruent in the dp')roprmte line register of the associated communications line adapter and must
be examined by the communication (line) CCP.
8Refer also to the RS-232-C Specification.
If call termination is by the associated communications linc adapter settmg, data sct ready indicator (i.e., dropping
DTR) in appropriate line register. Otherwise, line is dropped. V.

DCM9100 COMMUNICATIONS-PAC, _
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pPwWI! Power Indicator from ACU — Signals on this circuit are generated by
the automatic calling equipment to indicate whether power is available
within the automatic calling equipment.

The on condition indicates that power is available in the automatic
calling equipment; the off condition indicates a loss of power in the
automatic calling equipment. This circuit should not be interpreted to
indicate the power status in any other equipment.

DLOM Data Line Occupied from automatic calling device — Signals on this
circuit are used to indicate when the communication channel is in use
for automatic calling, data communication, voice communication or
for testing of the automatic calling or data communication equipment.

The on condition indicates that the communicator is in use.

The off condition indicates that the data terminal equipment may
originate a call provided that Circuit PWI (Power Indication bit 1 of
line register 5) is on.

The off condition of Data Line Occupied shall not be presented until
all of the other interchange circuits from the automatic calling equip-
ment are returned to their proper idle condition.

ACR!? Abandon Call and Retry from automatic calling device — Signals on
this circuit arc used to indicate the probability of successful comple-
tion of the call attempt.

The on condition, when presented during the process of call origina-
tion, indicates that there is a high probability that the connection to a
remote data station cannot be successfully established and is a sugges-
tion to the data terminal equipment to abandon the call and to re-
initiate the call at a later time. The automatic calling equipment does
not determine that the call is to be abandoned. Action required to
abandon the call must be initiated by the data terminal equipment.

When the answer signal mode of operation is used. Abandon Call and
Retry remains in the off condition after Call Origination Status (bit O
of the line register 5) is turned on. When the End-of-Number (EON)
mode is used, ACR continues to function (i.e., the bit continues to be
set) after Call Origination Status is turned on.

Line Register 7 — Input Status Two

0 3 4 7

ASSOCIATED NOT
CHANNEL NUMBER USED

Figure F-6. Line Register 7 — Input Status 2

" IIA RS-366, op. cit.
Y 1bid.
12 1pid,
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This register (Figure F-6) may be accessed on both channels of the DCM9110 via
the IN instruction and may only be read. Bits O through 3 represent the hexadecimal
value of the channel number configuration switch on the DCM9110. This switch is
manually settable and may contain the line number of the associated data set which is
paired with this specific automatic calling device. The use of the information gathered
from the switch is a function of the CCP and the driver software. ' :

PROGRAMMING CONSIDERATIONS

The topics that follow discuss various programming aspects of the DCM9110. The
reader should be familiar with the line rez.,lster fields and their functlons discussed
previously.

The timing sequence of call placement, how data transfers occur (i.e. how the digits
of the call are transferred from the DCM9110 to the automatic calling device), and call
termination of a (MLCP) DCM9110 CCP (and its relationship to a main memory pro-
gram) are discussed below. It is important to note here that all “‘communication”
-~ between the DCM9110 and a communications line adapter (such ds a Synchronous or
~ Asynchronous Line Communications-Pac) takes place via the main memory program.
The DCM9110 and the communications line adapterdo not ever communicate directly.

‘Three examples of a program sequence are included.

Timing Sequence of Call Placement ’

Figure F-7 is a typical diagram of the sequence whlch would occur durm;a call
placement. The occurrence of various signals all come about either because of specific
CCP action or because of a response from the automatic calling device. To that extent,

“the (automatic calling) CCP has complete control over the situation. The DCM9110
hardware generates a channel request interrupt on each transition of the Present Next
Digit signal from the automatic calling device as long as the Dial-in-Progress (bit 4 of

CALL REQUEST (CRQ)
MLCP TO ACU

DIAL IN PROGRESS DIP
MLCP TO ACUA

PRESENT NEXT DIGIT (PND) ' ' ‘
ACU TO ACUA __J ’ r r

DIAL IN PROGRESS (DIP) ' 7
MLCP TO ACUA .

DIGIT (NB 1,2,4,8) 1ST 1 2nD v/ LAST DIGIT
MLCP TO ACU : D!GIT DIGIT (EON?)

¢ P
r K

CHARACTER “ . " H " |
REQUEST INTERRUPT (CRI)
- ACUATO MLCP —v

Figure F-7. Typical Automatic Calling Equipment/DCM91{0/MLCP Timing Sequence
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line register 2) is set. (Dial-in-Progress is an enable signal to the DCM91 10 which causes
the channel request interrupt.) The number of channel request interrupts is thus twice
the number of digits to be sent.

Refer to Examples 1 and 3. Note that the automatic calling CCP is differentiated
from the communications line adapter CCP.

Data Transfers

The data interface from the DCM9110 to the automatic calling device is a 4-bit wide
path. Each transfer represents a single digit to the called station. In addition to the
data, several control lines are supplied to the automatic calling device from the
DCM9110. Each of the output signals (data and control) are buffered by a flip/flop
(switch) in the DCM9110 so that the CCP need only set them in the correct condition
and they will remain in that condition until specifically changed by the CCP or until
the channel is initialized.

Signals from the automatic calling device to the DCM9110 are visible to the CCP
as specific bits in specific registers, as previously detailed in the register descriptions.
It is useful to repeat here that the DCM9110 contains no storage on these signals, so
that the condition of the bit read by the CCP always represents the condition of that
specific line at the time the IN instruction (or SEND) is issued.

Refer to Example 2 for the sequence of data transfer; then examine Example 3 for
the channel request interrupt sequence. Keep in mind that the Present Next Digit signal
from the automatic calling device generates a channel request interrupt in normal con-
ditions (see the above paragraph on “Timing Sequence of Call Placement” for detail).

Call Termination

The automatic calling devices offer two methods of terminating a call. In the first
case, after the transfer to the data set, as indicated by the Call Originating Status (bit 0
of line register 5) being turned on, the call is terminated by the automatic calling
device’s dropping the Call Request (resulting in bit 1 of line register 2 being turned off
automatically by the DCM9110 hardware) at the end of the call.

In the second case, the call is terminated via the data set’s dropping the Data
Terminal Ready at the end of the call. The latter option is preferred because it makes
possible the elimination of one CCP interrupt.

Refer to Examples 1 and 3.

Summary: Examples

The following examples illustrate the general sequence of a CCP for automatic
calling. Example 1 illustrates a possible sequence for a CCP. Example 2 details the
sequence of the data transfer (dial) procedure. Note that Example 1 provides a clue
where the main memory program is involved. Example 2 is concerned strictly with the
transfer of data between DCM9110 and automatic calling device. Example 3 com-
plements the first two examples by illustrating the occurrences of the channel request
interrupts and how they are handled by the automatic calling CCP.

Individual programs must take into consideration the type of automatic calling unit
and its interface. It is suggested that readers also obtain a copy of the Electronic
Industries Association (EIA) RS-366 document (refer to the Preface of this manual
for the title and date of that publication) for specifications of the signals that have
been defined in this DCM9110 appendix.

In the examples, the terms “automatic calling CCP” (present in the DCM9110) and
“communications line CCP” (present in the communications line adapter) are used to
reference the CCP in question. Abbreviations for the fields in the line register are used.
Refer to the list below for appropriate meaning and bit position.
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Abbreviation Meaning . ‘ Line Register and Bit Position

ACR

CcoS

CRQ

DIP
DPR
DSR

DTR
PND

Abandon Call and Retry. Bit 3 of line register 5

Call Originating Status "~ Bit 0 of line register S

Call Request to Automatic ~ Bit 1 of line register 2

Calling Device -

Dial-in-Progress Bit 4 of line régister 2

Digit Present - ~ Bit 2 of line register 2

Data Set Ready - P In communications line adapter -
Data Terminal Readyr 4 In communications line adapter
Present Next Digit ) Signal of automatic calling

- device; automatjcally causes
DCM9110 to generate channel
request interrupt

E xample 1: General Sequence of CCP and MMP Interface

1.

Start automatic calling CCP to place call. When all dial digits have been sent, the
automatic calling CCP then starts a Data Set Scan (defined in Section 5) to restart
itself upon detecting the turn-on of either COS or ACR. The automatic calling
CCP finally issues a WAIT.

. The main memory program sets up CCBs for the associated communications line

adapter. It starts the communications line CCP which then turns on DTR (bit 0
of line register 2, typically) of the communications line adapter. After turning on
DTR, the communications line CCP starts a Data Set Scan to restart itself upon
detecting the turn-on of DSR (Data Set Ready). The communications line CCP

-finally issues a WAIT.

. As provided for in step 1, above, the automatic calling CCP is restarted upon

detecting the turn-on of COS or ACR. If ACR is on, then the automatic calling
CCP interrupts the main memory program, turns off CRQ, and issues a WAIT. If
COS is on, and the termination method is by the automatic calling device drop-
ping the CRQ at the end of the call, the automatic calling CCP issues a WAIT. If
COS is on and the termination is by the associated communications line adapter
dropping DTR at the end of the call, then the automatic callmg CCP turns off
CRQ and issues a WAIT.

. As provided for in step 2, above, the associated communications line adapter CCP

is restarted upon detecting the turn-on of DSR. Data transfer may now be started
by the communications line CCP. Upon completion of the data transfer, the main
memory program is interrupted by the communications line CCP. If the termina-
tion method is by the first method (automatic calling unit dropping CRQ) the
associated communications line CCP must exit by issuing a WAIT and the main
memory program must restart the automatic calling CCP to turn off CRQ. If the
termination is by the second method (data set dropping DTR), the communica-

‘tions line CCP turns off DTR and exits with a WAIT.

DCM9110 COMMUNICATIONS-PAC,
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Example 2: Transfer of Each Individual Digit
The transfer of each individual digit involves the following sequence of events:

1. Automatic calling device (hardware)  Turns on PND

2. DCM9110 (hardware) Generates channel request interrupt

3. Automatic calling CCP Outputs digit to line register 1

4. Automatic calling CCP Outputs line register 2 with DPR on!3
5. Automatic calling device Turns off PND

6. DCM9110 Generates channel request interrupt

7. Automatic calling CCP Outputs line register 2 with DPR off?3

. .Repeat for each digit. . . .
Example 3: CCP and Channel Request Interrupt Sequence

1. Call Initiation
Set CRQ to 1 This signals automatic calling device that a call is to be
Set SIP to 1 originated.

. First Channcl Request Interrupt and Every Other Odd-Numbered Channel
Request Interrupt (e.g., 1,3, 5, 7,9, etc.)
Output Digit This signals the automatic calling device that a digit is avail-
Set DPR to 1 able on the output lines.

3. Second Channel Request Interrupt and Every Other hven-Numbered Channel
Request Interrupt Except Last (2, 4, 6, 8, 10, etc.)
Set DPR to 0 This completes the handshakmg with the automatic calling
device for each digit.

)

4. Last Channel Request Interrupt
Set DPR to 0 Setting DIP to zero prevents the DCM9110 from generating
Set DIP to O further channel request interrupts.

Status of Automatic Calling Device

Status of the automatic calling device is available in line register 5. The main mem-
ory program may read this status at any time via an Input Data Set Status (function
code: 1C) command to either MLCP channel containing the DCM9110. Assuming that
conditions were such that a call can be placed (Call Originating Status off, Power Indi-
cator on, Data Line Occupied off), an automatic calling CCP can access line register 5
directly as the call proceeds. The Data Set Scan capability of the MLCP can also be
used to either start the automatic calling CCP or interrupt the main memory program
upon transition of any specific bit in line register 5. This facility may be used to
reactivate the automatic calling CCP when Call Originating Status=1 (is on), indicating
that the connection to the called station has been made.

Avoiding Possible Race Condition During Call Abort

If Call Request has been turned off prior to Call Originating Status coming on —
for example during the abortion of a call attempt — a possible race condition could
occur. To prevent this, Data Terminal Ready in the associated communications line
adapter should be turned off.

3 In order to maintain the conncction, CRQ and DIP must be output in the on condition each time an output com-
mand to line register 2 is issued.
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PHYSICAL INTERFACE TO DATA COMMUNICATIONS EQUIPMENT AND
DATA TERMINAL EQUIPMENT

" The circuit interface of the Communications-Pac to the automatic calling device is
in compliance with EIA RS-366. Data communications equipment using the CCITT
V24 (line) and V25 (automatic calling) functional interfaces which are electrically
compatible with EIA RS-366 (e.g., CCITT V28) may also attach. The signal interface
and connector pin assignments of the Communications-Pac cable at the connector
which connects to the automatic calling equipment are defined in Table F-2.

TABLE F-2. AUTOMATIC CALLING EQUIPMENT/DCM9110 INTERFACE SIGNALS

EIA To/From EIA CCITT
Pin No. " DCE Function RS-366 Equivalent
2 T Digit Present DPR 211
3 F Abandon Call and Retry ACR 205
4 T Call Request CRQ 202
5 F Present Next Digit PND 210
6 F Power Indication PWI 213
7 — Signal Ground AB 201
13 F Call Origination Status COS 204 (See Note)
14 T Digit Lead (LR1 bit 7) NBI 206
15 T Digit Lead (LR1 bit 6) NB2 207
16 T Digit Lead (LR1 bit 5) NB4 208
17 T Digit Lead (LRI bit 4) NB8 209
22 F Data Line Occupied DLO 203
I Protective Ground AA 212

LR = Line Register

NOTE: CCITT Circuit 204 (Distant Station Connected) is defined differently but used in a similar manner.
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COMPUTER GENERATEC INDEX

12744
/ LCT BYTES 12744 AND 13/45~RETURN CHANNEL NUMBER AND
INTERRUPT LEVEL, 5-7
13,/45-RETURN
LCT BYTES 12744 ARND 13/45-RETURN CHANNEL NUMBER ANC
INTERRUPT LEVEL, 5-7

14,46-DATA

LCY BYTE l4,46-CATA SET AND ADAPTER STATLS, 5.7
15/47-MASK

LCT BYTE 15,47-MASK FOR DATA SET AND ADAPTER STATUS,

5«9

16,48

LCT BYTES 16748 AND 17,49-LCT STATUS, 5.10
17/49-LCT

LCT BYTES 16/48 AND 17,49-LCT STATUS, s.10
20.DATA

LCT BYTE 20-CATA SET AND AUAPTER CONTROL, 5-12
23

DLCP ATTACHMENT TC LEVEL 6 MODEL 23 BUS, 1.3
2/34~CHARACTER

LCT BYTE 2734~CFARACTER CONFIGURATION, 5.3

301
BELL 301, 303~ CCMPATIBLE INTERFACE, E-l6
303
BELL 301, 303~ CCMPATIBLE INTERFACE, E-1l6
3735
LCY BYTES 3/35 ANC 4/36-CYCLIC REDUNDANCY CHECK RESICLE,
5-4
4736-CYCLIC
LCT BYTES 3,35 ANC 4,36-CYCLIC REDUNDANCY CHECK RESICULE,
5-4
56
CCITTLV3s INTERFACE (INCLUDING BELL DDS AT 56 KBS),
E-17
64-BYTE
PROGRAMMING FOR EFFECTIVE USE OF THE 64-BYTE BUFFER,
E-10
6,38

LCT BYTES 6,38 ANC 7,39-CCP POINTER, 5-5
7/39-CCP
LCT BYTES 6/38 ANL 7/39.CCP PCINTER, 5.5
8/40-CHANGE
LCT BYTE B/40-CHANGE CONTROL FOR DATA SET AND ADAPTER
STATUS, 5-6
ABNORMAL
ABNORMAL CCP TERMINATION, Aal7

ABORT
AVOIDING POSSIELE RACE CCNEITION DURING CALL ABQRT.
Foll
ACCESS
ACCESS TO LINE REGISTERS, A-2
INABILITY OF ONE LINE TO ACCESS ANOTHER, A_13
ACCESSIBLE
CCB AREA ONLY INMPLICITLY ACCESSIBLE, A-13
ACTIVE
PROCESSING OF AN ACTIVEg CCB, 3-10
ADAPTER

ADAPTER SETULP, AL2
DATA TRANSFER RELATED TO ADAPTER TYPE ANC QPERATION MCCE,

67
INTERFACE PROVICEL BY ASYNCHRONOUS LINE ACAPTER (DLCP),

C-3
INTERFACE PROVICEC BY SYNCHRONOUS LINE ACAPTER (DLCP),
D-3
LCT BYTE 14,46-CATA SET AND ACAPTER STATLS, 5-7
LCT BYTE 15,47-MASK FOR LATA SET AND ADAPTER STATUS,
5-9
LCT BYTE 20-UATA SET AND AUAPTER CONTROL, 5-12
LCT BYTE 8/40-CFANGE CONTRCL FOR DATA SET AND ADAPTER
STATUS, 5-6
PRIORITIES FOR SERVICING ACAPTER CHANNEL REWUEST
INTERRUPTS - DLCP, 1-10
PRoCEssoR MONITCRING OF CATA SET AND ADAPTER STATUS,

SAMPLE PROGRAM FCR RECEIVE CN ASYNCHRONOLS LINE ADAPTER
(MLCP AND DLCP), C~11

ADAPTERS
COMMUNICATIONS-FACS AND ADAPTERS ATTACHABLE TG MLCP,CLCP,

-1
DLCP ADAPTERS, B.2
PRCCESSOR CCNTRCL OF DATA SETS AND LINE ADAPTERS, 6-3
ADDRESS
ADDRESSING LIMITS, A-13
CCB ADDRESS FIELLC, 3-3
DLCP CHANNEL NUFMBER ADCRESSING, 6~2
I0LD (QUTPUT CCB ACDRESS ANL RANOE)leTkuctloN. 2-7
MLCP CHANNEL NUFMBER ADLRESSING, 6-2
PROCESSOR CHANNEL NUMBER ADDRESSING FROM MAIN MEMORY
PROGRAM, 6-1
ALTERNATE
TWO.WAY ALTERNATE OPERATION, A-14
AREA

AREA (CONT)
CCB AREA ONLY IMPLICITLY ACCESSIBLE. A-l>
PROGRAMMTNG WORK AREA, S~lé4
ASSEMBLY
MACRC PREPROCESSOR AND ASSEMBLY OPERATICN, 4=§
ASSIGNMENT
DCMg110 CHANNEL NUMBER ASSIGNMENTS, Fal
LINE/CHANNEL NUMBER ASSIGNMENT, C-14 D-14 E=15%
ASYNCHRONOLS
ASYNCHRONOUS LINE COMMUNICATIONS-PACS/ACAPTERS, Ce1
CONFIGURABLE SPEEDS FOR ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, Cab
INTERFACE PROVIDED BY ASYNCHRONOUS LINE ACAFTER (DLCP),
Ce3
INTERFACE PROVIDED BY ASYNCHRONOUS LINE
COMMUNICATIONS-PAC (MLCP), C=2
PHYSICAL INTERFACE OF ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, C~15
REGISTERS OF ASYNCHRONOUS LINE
COMMUNICATIONS=-PAC/ADAPTER, Cut
SAMPLE PROGRAM FOR RECEIVE ON ASYNCHRONCUS LINE ADAPTER
(MLCP AND DLCP)e C-11
ATTACHABLE
COMMUNICATIONS=-PAC ATTACHABLE TO MLCP, B-1
COMMUNICATIONS-PACS AND ADAPTERS ATTACHABLE TC MLCP/CLCP,

B-1
ATTACHMENT

DLCP ATTACHMENT TO LEVEL 6 MODEL 23 BUS. l-3
MLCP ATTACHMENT TO MEGABUS. 1-2

AVCIDING
AVGICING POSSIBLE RACE CONDITION DURING CALL ABORT,
Fall
BACKGROUNDC
BACKGROUNC FIRMWARE SCANNING. 1-11
BELL
BELL 301, 303- COMPATIBLE INTERFACE, E-16
CCITT-V35 INTERFACE (INCLUDING BELL DDS AT 56 KBS),
E~17
BIT
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICNS< CP CODE
WORDS -~ RECEIVE MODE, 4-14
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIGNS< CP CODE
WORDS - TRANSMIT MCDE. 4~15
STOP BITS, C-~13
BLEF
BLBT, BLBF INSTRUCTICNS, A-4
BLET
BLBT, BLBF INSTRUCTIONS, A-¢
BLCF
BLCT, BLCF INSTRUCTICNS, A-5
BLCT
BLCT, BLCF INSTRUCTIONS, A=-5
BLCCK

BLOCK MCDE READ, A-17
BLCCK MCCE WRITE. 7-4
CCB STATUS FIELD AFTER BLOCK MODE WRITE, 7-6
COMMUNICATIONS CONTROL BLOCKS, 1-12 3-1 .
CONTROL OF COMMUNICATIONS CONTROL BLOCKS, 2-3
CONTROL OF COMMUNICATIONS DATA BLOCKS, 2.3
FORMAT CF CCB FOR BLOCK MODE WRITE (DLCP)s 7-§
FORMAT OF CCB FOR BLQOCK MODE WRITE (MLCP), 7-5
FORMAT QF CCB FOR BLOCK MODE WRITE, 7-5
FORMAT CF LOAD CONTRGL BLOCK, 7-3
LOAD CONTROL BLOCk, 7-2
BRANCH
BRANCH INSTRUCTIONS, 4-16
TIMINGS FOR BRANCH INSTRUCTIONS. 4~11
ERCADBANC
INTERFACE PROVIDED BY SYNCHRONOUS BROADBAND
COMMUNICATIONS-PAC, E~2
REGISTERS OF SYNCHRONOUS BROADBAND COMMUNICATIONS-PAC,

E-3
SYNCHRONOLS BROADBAND COMMUNICATION5-PACS, E=-1
BLFFER
PRELOADING THE TRANSMIT BUFFER, E-12 E-12
PROGRAMMING FOR EFFECTIVE USE OF THE 64-~BYTE BUFFER.
E-10
ELS
DLCP ATTACHMENT TO LEVEL & MODEL 23 BUS,. 1-3
BYTE
CCB STATUS BYTES, A-16
CLCP CCB STATUS BYTES 1 AND 2, 3-7
IO CINPUT LCT BYTE) INSTRUCTION, 2-6
IO (OUTPLT LCT BYTE) INSTRUCTION, 2-10
LAYOLT QF LCT BYTES, S«14
LCT BYTE 14/46-DATA SET AND ADAPTER STATUS, 5.7
LCT BYTE 15/47-MASK FOR DATA SET AND ADAPTER STATUS,.
5«9
LCT BYTE 20~-DATA SET AND ADAPTER CONTROL, 5-1z
LCT BYTE 2/34~CHARACTER CONFIGURATION, 5-3
LCT BYTE 8,40~CHANGE CONTROL FOR DATA SET AND ADAPTER
STATUS. $=6
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BYTE

CALL
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(CONT)

LCT BYTES
INTERRUPT
LCT BYTES
LCT BYTES
S=4

LCT BYTES 6,38 ANC 7,39.CCP POINTER, 5.5
LCT STATUS BYTES 1 AND 2 (DLCP), 5-11

LCT STATUS BYTES | AND 2 (MLCP), 5-10
LCT STATUS BYTES, A-l5

MLCP CCB STATUS BYTES 1| AND 2, 3.7

MLCP LCT BYTES LSED BY FIRMWARE, A-17
SUMMARY OF LINE CCNTROL TABLE BYTES, 5-1

12744 AND 13,45-RETURN CHANNEL NUMBER AND
LEVEL, 5-7

16748 AND 17,49-LCT STATUS, s5.10

3,35 ANC 4,36-CYCLIC REDUNDANCY CHECK RESICUE,

AUTQMATIC CALLING DEVICE CONFIGURATION OPTIONS, F-2
AVOIDING POSSIELE RACE CONDITION DURING CALL ABORT,

Fell

CALL TERMINATICN, F.9

DCM9110 COMMUNICATIONS-PAC, AUTOMATIC CALLING FEATURE,
F

FoRMAT oF MALRC CALLS FOR CCP EXECUTABLE INSTRUCTIONS,

~10
FORMAT OF MACRC -CALLS FOR CCP GENERATION CONTROL
STATEMENTS, 4-5
STATUS OF AUTOMNATIC CALLING DEVICE, F-11
TIMING SEGUENCE CF CALL PLACEMENT, F.gy

*. TYPICAL AUTOMATIC CALLING ECUIPMENT/U\MQLIO/MLCp TIMING

‘B

SEQUENCE. F-8

[dd:]
(€<}
B
(€4 5
(&4}
B
B
[€4:)

ADDRESS FIELC, 3.3

AREA ONLY IMPLICITLY ACCESSIBLE, A-13
COMPLETIUN CONDITIONS, 3-11

CONTROL FIELC, 3.5

DESCRIPTIONS CF A CDB, 3-9

FORMAT, 3.3

RANGE FltLC 3.5

STATUS BVTES. A-l6

CCB STATUS FLELL AFTER BLOCK MODE WRITE, 7-6
CCB STATUS FIELC, 3.6

CCBS AS CAUSE CF CPU INTERRLPTS, A-11
COMPLETION CF A CCB, 3.10

DLCP CCB STATUS BYTES 1 ANC 2, 3.7

FORMAT OF A CCE FCR DLCP, 3.4

_FORMAT OF A CCE FCR MLCP, 3.4

FORMAT OF C(B FCR BLOCK MODE WRITE (DLCP), 7-5
FORMAT OF CCB FCR BLOCK MODE WRITE (MLCP), 7-5
FORMAT QF CCB FCR BLOCK MOLE WRITE, 7-5

IC (OUTPULT (LB CCNTROL)INSTRUCTION, 2-7

I0LD (QUTPUT CCEB ACDRESS AND RANGE) INSTRUCTION, 2.7
IO CINPUT CCE RANGE) INSTRLCTION, 2-5

I0(INPUT CCB STATUS) INSTRUCTION, 2-5

IO (INPUT .NEXT CCB STATULS) INSTRUCTION, 2-6

MLCP CCB STATUS BYTES 1 ANC 2, 3.7

PROCESSING CF AN gACTIVEE CCB, 3-10

VALID CCBS, A-g

WRITING A CCB, 3.9

CCITT.V3S

- CCP

cos

CCCITT.V35 INTERFACE (INCLUDING BELL DDS AT 54 KBS),

E~17

ABNORMAL CCP TERMINATION, A.17

CCP EXECUTABLE INSTRUCTIONS, 4-7 4-8

CCP GENERATION CONTROL STATEMENTS, 4.5

CCP [NSTRUCTIONS, A-3

CCP SETUP, 4-1

CCP STRUCTURE ANC COMPONENTS, 4-1

COMBINATION OF CCP INTERRUPTS AND INTR IN DEBUG, A-}2
DLCP CCP EXECUTICA, 4.2

DLCP REGISTERS ANC PROGRAM INDICATORS USED BY CCP, 4-3
FoRMAT OF MACRC CALLS FQR CCP EXECUTABLE INSTRUCTIONS.
4e1

FORMAT OF MACRC
STATEMENTS, 4-5
MLCP BIT MAP OF
WORDS - RECEIVE
MLCP BIT MAP OF (P EXECUTAELE INSTRUCTICNS< OP COCg
WORDCS . TRANSMIT MODE, 4-15

MLCP CCP EXECUTION, 4.2

MLCP REGISTERS ANC PROGRAM INDJCATORS USED BY CCP, 4-3
STARTING CCP, 4.1

USING CCP. GENERATION CONTROL STATEMENTS AND EXgCUTABLE
INSTRUCTIONS, 4<4

CALLS FOR CCP GENERATION CONTRQL

CCP EXECUTAELE INSTRUCTICNS< OP COCE
MCDE, 41

CCB DESCRIPTIONS CF A (DB, 3.9

CHANGES

DETECTION OF ERRQRS AND STATUS CHANGES RELATED To DATA
COMMUNICATIONS EGUIPMENT ANC DATA TERMINAL gQUIPMENT,

2-3
CHANNEL

CHANNEL CONTROL PROGRAM, =12 4-1
CHANNEL REQUEST INTERRUPTS, C.q D-10
CONTROL OF CHANNEL CONTROL PROGRAMS, 2.3

CHANNEL (CONT) .

DCMg110 CHANNEL NUMBER ASSIGNMENTS, F-1l

DLCP CHANNEL NUMBER ADDRESSINGe 6=2

I0(OUTPLT CHANNEL CONTROL) INSTRUCTION, 2-8

LCT BYTES 12/44 AND 13/45-RETURN CHANNEL NUMBER AND
INTERRURT LEVEL.F3-1

LINE REGISTER 1 RECEIVE CHANNEL, E-4
LINE REGISTER | FOR TRANSMIT CHANNEL, E=7
LINE REGISTER 2 FOR RECEIVE CHANNEL, E=5
LINE REGISTER 2 FOR TRANSMIT CHANNEL, E-8
LINE REGISTER 4 FOR RECEIVE CHANNEL. E=5
LINE REGISTER 4 FUR TRANSMIT CHANNEL, E-8
LINE REGISTER 5 FOR RECEIVE CHANNEL, E=6
LINE REGISTER 5 FOR TRANSMIT CHANNEL. E-9
LINE REGISTER ¢ FOR RECEIVE CHANNEL, E-7
LINE REGISTER ¢ FOR TRANSMIT CHANNEL, E-10
LINE REGISTERS FOR RECEIVE CHANNEL, C<5 C=5 E-~4.

LINE REGISTERS FOR TRANSMIT CHANNEL. C~7 C=7 E-7

MLCP CHANNEL NUMBER ADDRESSING, 6-2

PRIORITIES FOR SERVICING ADAPTER CHANNEL REGUEST
INTERRUPTS - DLCP, 1-10

PRIORITIES FOR SERVING COMMUNICATIONS-PAC CHANNEL REGUEST
INTERRUFTS ~ MLCP, 1-11

PROCESSOR CHANNEL NUMBER ADDRESSING FROM MAIN MEMORY
PROGRAM, 61

SERVICING COMMUNICATIONS-PAC/ADAPTER CHANNEL REQUEST
INTERRUPTS, “1-8

CHARACTER

CHARACTER LENGTH, C=13 D-13 E-l4
DIGITAL SIGNAL CHARACTER SET. Fa4
RECEIVE CHARACTER SYNCHRONIZATION, D~11 E-13

ChARACTERS

ChECK

CLEAR

CLCCK

CcCe

NEED FOR PAD CHARACTERS, A-l3

CYCLIC REDUNDANCY CHECK INFORMATION, 6-5

CYCLIC RECUNDANCY CHECK, C-13 E~14

LCT BYTES 3/35 AND 4/36-CYCLIC REDUNDANCY CHECK RESXDUE.
5«4

PROCESSCR CYCLIC REDUNDANCY CHECKING, 6-5

PROCESSCR PARITY CHECKING AND GENERATION. 6=4

CLEAR TC SEND, C-10 D-12 E-13
MASTER CLEAR, C-14 D-1% E-15

DATA TRANSFER CLOCKS, D-14 E-15

POSSIBLE SETTINGS FOR DLCP<S SWITCH-SETTABLE CLOCKS (1
PER LINE), 6-7

POSSIBLE SETTINGS FOR MLCP<S FIXED-RATE CLOCK, 6-7

MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICNS< CP rODE
WORDS - RECEIVE MODE, 4-14

MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICNS< CP CODE
WORDS -~ TRANSMIT MODE, 4-1%

UNCEFINED FUNCTION CODES, A-12

UNCEFINED OP CODES, A-12

CCMBINATION

COMBINATION OF CCP INTERRUPTS AND INTR IN DEBLG. A-12

CCMMUNICATIONS

COMMUNICATIONS CONTROL BLOCKS, 1-12 3-1 )

CONTROL OF COMMUNICATIONS CONTROL BLOCKS, 2-3

CONTROL OF COMMUNICATIONS DATA BLOCKS, 2-3

DATA TRANSFER RATLS FOR PROCESSOR COMMUNICATICNS LINES,
6=6 -

DETECTICN OF ERRORS AND STATUS CHANGES RELATEC TO DATA
COMMUNICATIONS EGUIPMENT AND DATA TERMINAL EGLIPMENT,
2-3

INTRODUCTION TO LEVEL 6 COMMUNICATIONS, 1-1

PHYSICAL INTERFACE TO DATA COMMUNICATIONS ECUIPMENT AND
DATA TERMINAL EWUIPMENT, C-14 D~15 E-15 F-12

CCMMUNICATIONS-PAC

COMMUNICATIONS-PAC ATTACHABLE TO MLCP, Bl
DCMg110 COMMUNICATIONS-PAC, AUTOMATIC CALLING FEATURE,

F-1

INTERFACE PROVIDED BY ASYNCHRONQUS LINE
COMMUNICATIONS-PAC (MLCP), Ce2

INTERFACE PROVIDED BY SYNCHRONOUS BROADBAND
COMMUNICATIONS-PAC, E=2

INTERFACE PROVIDED BY SYNCHRONOUS LlNE CCMMUNICATIONS.PAC
(MLCP), D=2

PRIORITIES FOR SERVING COMMUNICATIONS-PAC ChANNEL REGUEST
INTERRUFTS - MLCP, 1-11

REGISTERS OF SYNCHRQONGOUS BROADBAND COMMUNICATIONS-PAC,

E-3
CCMMUNICATIONS-PAC/ADAPTER

CONFIGURABLE SPEEDS FOR ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, C-6

PHYSICTAL INTERFACE OF ASYNCHRQONQUS LINE
COMMUNICAT IONS<PAC/ADAPTER, C-15

PHYSICAL INTERFACE OF SYNCHRONOUS LINE
COMMUNICAT IONS=PAC/ADAPTER, D-15
REGISTERS OF ASYNCHRONOUS LINE
COMMUNICATIONS.PAC,ADAPTER, C.4
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COMMUNICATIONS-PAC/ACAPTER (CONT)
REGISTERS OF SYNCHRONOUS LINE COMMUNICAT]ONS=PAC/AUAPTER,.
-t
SERVICING COMMUNICATIONS.PAC,ADAPTER CHANNEL REQUEST
INTERRUPTS, 1.8
COMMUNICATIONS.PACS
COMMUNICATIONSLPACS AND ADAPTERS ATTACHABLE TO MLCP,CLCP,
B-1 :
SYNCHRONOUS BRCACBAND COMMUNICATIONS-PACS,
COMMUNICATIONS-PACS,ACAPTERS

E~1

ASYNCHRONOUS LINE COMMUNICATIONS-PACS,ADAPTERS, Cal

SYNCHRONOUS LINE COMMUNICATIONS-PACS/ADAPTERS, Dl
COMPATIBLE

BELL 301, 303- COMPATIBLE INTERFACE, E-16
COMPONENTS

CCP STRUCTURE AND COMPCONENTS, 41
CONDITION

AVOIDING POSSIELE RACE CONDITION DURING CALL ABORT,

Fall

CCB COMPLETION CONDITIONS, 3-11
CONDITIONS UNDER WHICH PROCESSOR WILL ISSUE A NAK, A-15
CONF IGURABLE
CONF JGURABLE SFEECS FOR ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, Cap
CONF 1GURATION
AUTOMATIC CALLING DEVICE CONFIGURATION OPTIONS,
CONFIGURATION INFCRMATION, F.1l
DCMg110 CONFIGLRATICN, Fal
LCT BYTE 2/34-CHARACTER CONFIGURATION, 5.3
CONSIDERATIONS
PROGRAMMING CONSICERATIONS, €-9 D-9 E-10 F.g
CONTROL
CCB CONTROL FIELC, 3-5
CCP GENERATIUN CONTROL STATEMENTS, 4=5
CHANNEL CONTROL PROGRAM, 1«12 41
.COMMUNICATICNS CCNTROL BLOCKS, 1-12 3-1
CONTROL OF CHANNEL CONTROL PROGRAMS, 2.3
CONTROL OF COMMUNICATIONS CONTROUL BLOCKS, 2.3
CONTROL OF CCMMUNICATIONS DATA BLOCKS, 2.3
FORMAT OF LCAD CONTROL BLOCK, 7-3
FORMAT OF MACRC CALLS FOR CCP GENERATION CONTROL
STATEMENTS, 4-5
10 (OUTPUT CC(B CONTROL) INSTRUCTION, 2-7
10(OUTPUT CHANNEL CONTROL)INSTRUCTION, 2.8
I0(OUTPUT INTERRUFT CONTROL) INSTRUCTION, 2.10
10 (QUTPUT MLCP,CLCP CONTROL) INSTRUCTION, 2.11
LCT BYTE 20-DATA SET AND ACAPTER CONTROL, 5212
LCT BYTE 8,40-CRANGE CONTRQL FOR DATA SET AND ADAPTER
STATUS, 56
LINE CONTROL TABLES, 1-13 51
LINE REGISTER 2 - OUTPUT CONTROL, F-4
LINE REGISTER 2 QLTPUT CCNTROL, F-4
LOAD CONTROL BLCCK, 7.2
PROCESSOR CONTRCL OF DATA SETS AND LINE ADAPTERS, 6-3
SUMMARY OF LINE CCNTROL TABLE BYTES, 5-1
USING CCP GENERATION CONTROL STATEMENTS AND EXECUTABLE
INSTRUCTIONS, 44

Fe2

cPU
CCBS AS CAUSE CF CPU INTERRULPTS, A-1l1
CPU INTERRUPTS, A-1l
DATA SET SCAN AS SOURCE OF CPU INTERRUPTS, A-l1
cycLc
CYCLIC REDUNDANCY CHECK INFCRMATION, 6-5
CYCLIC REDUNDANCY CHECK, Co13 E-l4
PROCESSOR CYCLIC REDUNDANCY CHECKING, -5
DATA
CONTROL OF COMMUNICATIONS DATA BLOCKS, 2.3
DATA SET SCAN AS SOURCE OF CPU INTERRUPTS, A1}l
DATA SET SCAN, AL10
DATA STATEMENT, 47
DATA TRANSFER (LC(KS C.14 E-l
DATA TRANSFER RATES roR PRO(ESSDR COMMUNICATIONS LINES,
6=-6
DATA
6=7
DATA

TRANSFER RELATED TO ADAPTER TYPE ANC OPERATION MODE,

TRANSFERSes RECEIVE, E~11

DATA TRANSFEKSe TRANSMIT, Eell

DATA TRANSFERS, (=9 D=9 Fa9

DETECTION OF ERRQORS AND STATUS CHANGES RELATED TQ CATA
COMMUNICATIONS EGUIPMENT AND DATA TERMINAL EQUIPMENT,
2m3

I0(INPUT DATA SET STATUS) INSTRUCTION, 2.5

LCT BYTE 15,747-MASK FOR DATA SET AND ADAPTER STATUS,

5«

LCTQBYTE 8/40-CHANGE CONTROL FOR DATA SET AND ADAPTER
STATUS, 5-6
LINE REGISTER
LINE REGISTER

1 INPUT- DATA, Faé

1 - INPUT DATA, F-4

LINE REGISTER 1 - OUTPUT DATA, F-3

LINE REGISTER ] CLTPUT DATA, F.3

PHYSICAL INTERFACE TO DATA COMMUNICATIONS EQUIPMENT ANC
DATA TERMINAL EGUIPMENT, Cul4 D-15 E=15 F.12

i-3

CATA (CONT)
PROCESSOR CONTROL OF DATA SETS AND LINE ADAPTERSe 6-~3
PROCESSOR MONITORING OF DATA SET AND ADAPTER STATUS,
63
RECEIVING DATA, 1l-l15
SETTING UP THE PROCESSOR£RECEIVING AND TRANSMITTING DATA,
l-13
TRANSMITTING DATA. 1~-16
CCMg110
DCM9110 CHANNEL NUMBER ASSIGNMENTS, Ful
DCM9110 COMMUNLKATIONS-PAC, AUTOMATIC CALLING FEATURE,
Fa1
DCM9110 CONFJGURATION. Feol
DCM9110 ENVIRONMENT, Fe)
cCs .
CCITT-V35 INTERFACE (INCLUDING BELL DOS AT 56 KBS),
E~17
CEEBLG
COMBINATION OF CCP INTERRUPTS AND INTR IN DEBLG. A-12
CEFERRED
DEFERRED INTERRUPT QUEUE, A«l2
CELIMITING
MESSAGE DELIMITING, 1-3
CESCRIPTION
CCB CESCRIPTIONS OF A CpB. 3-9
DETAILEC DESCRIPTION OF MAIN MEMORY PROGRAM INPUT,/OUTPUT
INSTRUCTIONS RELATED TO PROCESSOR, 2-4
CETECTION
DETECTION OF ERRORS AND STATUS CHANGES RELATEC TO DATA
COMMUNICATIONS EQUIPMENT AND DATA TERMINAL EQUIPMENT,
2-3
CEVELOPMENT
PROGRAM DEVELOPMENT TOOLS. 4~-4
CEVICE
AUTOMATIC CALLING DEVICE CONFIGURATION CPTICNS. Fw2
DEVICE IDENTIFICATION NUMBER, C-14 Dwel4 E-15 F=2
I0(INPUT DEVICE IDENTIFICATION NUMBER) INSTRUCTION, 2~5
STATUS GF AUTOMATIC CALLING DEVICE, Fa-ll
CIGITAL
DIGITAL SIGNAL CHARACTER SET. F-4
CIRECT :
DIRECT CONNECT. D-10 E-12
CISPLACEMENT
LONG DISPLACEMENT INSTRUCTION, 4-19
SHORT DISPLACEMENT INSTRUCTIONS 4=16

cLCP
DLCP ADAPTERS, Bw2
DLCP ATTACHMENT TO LEVEL 6 MODEL 23 BUS, 1-3
DLCP CCB STATUS BYTES 1 AND 2, 3.7
DLCP CCP EXECUTION, 4-2
DLCP CHANNEL NUMBER ADDRESSING, 6-2
DLCP MEMCRY MAP. 1-5
DLCP REGISTERS AND PROGRAM INDICATORS USEC BY CCP, 4e3
DLCP, 1=l 3=5 3=9
FORMAT OF A CCB FOR DLCP, 3-4
FORMAT OF CCB FOR BLOCK MODE WRITE (DLCP), 7-5
INTERFACE PROVIDED BY ASYNCHRONQUS LINE ADAPTER (DLCP),
C-3
INTERFACE PROVIDED BY SYNCHRONOUS LINE ADAPTER (DLCP),
D3
LCT STATUS BYTES 1 AND 2 (DLCP), S-11
PRIORITIES FOR SERVICING ADAPTER CHANNEL REGUEST
INTERRUFTS = DLCP, 1-10
SAMPLE PROGRAM FOR RECEIVE ON ASYNCHRONOUS LINE ADAPTER
(MLCP AND DLCP), Call
SAMPLE PROGRAM SHOWING STARTUP WITHOUT CALSING UNDERRUN
ERROR (MLCP AND DLCP), D-13

CLCP<S

POSSIBLE SETTINGS FOR DLCP<S SWITCH.SETTABLE CLOCKS ()
PER LINE), 6=7
CCLELE
DOUBLE OPERAND INSTRUCTIONS, 4=20
TIMINGS FOR DOUBLE OPERAND INSTRUCTIONS. 4-l11
EFFECTIVE
PROGRAMMING FOR EFFECTIVE USE OF THE 64=-BYTE BUFFER.
E~10
ENVIRONMENT
DCM9110 ENVIRONMENT, Fe-1
EGLIPMENT .
DETECTICN OF ERRORS AND STATUS CHANGES RELATEC TO DATA
COMMUNICAYIONS EQU]PMENT AND DATA TERMINAL EGLIPMENT,

2«
PHYSXCAL INTERFACE TO DATA COMMUNICATIONS EGUIPMENT AND
DATA TERMINAL EQUIPMENT, C=14 D-15 E=15 F=12
EGUIPMENT /DCM9]110/MLCP
TYPICAL AUTOMATIC CALLING EQUIPMENT/DCM9110/MLCP TIMING
SEQUENCE, F-8
ERRCR -
DETECTICN OF ERRORS AND STATUS CHANGES RELATEC TO DATA
COMMUNICATIONS EQUIPMENT AND DATA TERMINAL EQUIPMENT,

2«3
ERRQR HANDLING, A-15



ERROR

COMPUTER GENERATEC INDEX

(CONT)

FRAMING ERROR, C.13

SAMPLE PROGRAM SHCWING STARTUP WITHOUT CAUSING UNDERRUN
ERROR (MLCP ANC OLCP), D13

EXAMPLE

SUMMARYs EXAMPLES, Fa.g
TABLE LOOK-LP INSIRLCTION PROGRAMMING EXAMPLE. A5

EXECUTABLE

CCP EXECUTABLE INSTRUCTIONS, 4«7 4-8
FORMAT OF MACRC- CALLS FOR CCP EXECUTABLE INSTRUCTIONS,
4~10 )

© MLCP BIT MAP OF C(CP EXECUTAELE INSTRUCTICNS< OP COCE

WORDS . RECEIVE MCDE, 4.1

MLCP BIT MAP. gF CCP EXECUTABLE INSTRUCTICNS< OP ColE
WORDS - TRANSMIT MODE, 4-15

USING CCP GENERATION CONTROL STATEMENTS AND EXgCUTABLE
INSTRUCTIONS, 4-4

EXECUTION

OLCP CCP EXECUTICON, 4-2
MLCP CCP EXECUTICN, 4.2

EXTENDED

TO(INPUT EXTENCEC IDENTIFICATION NUMBER) INSTRUCTION,

2.6

FEATURE

FIELD

DCMqllO COMMUNICATIONS-PAC, AUTOMATIC CALLING FEATURE,

PROGRAMMING GUICELINES FOR SELECTED MLCP,DLCP FEATURES,
Al

SUMMARY OF MAJCR FEATURES, 1-8

CCB ADDRESS FIELC, 3.3

CCB CONTROL FIELC, 3.5

CCB RANGE FIELC, 3.5

CCB STATUS FIELC AFTER BLOCK MODE WRITE, 76
CCB STATUS FLELE, 3.6

FIRMWARE

FIXEDS

BACKGROUND FIRMWARE SCANNING, 1-11

MLCP LCT BYTES USED BY FIRMWARE, A-17

RATE

POSSIBLE SETTINGS FOR MLCP<S FIXED-RATE CLOCK, 6.7

FORBIDDEN

FORMAT

FORBIDDEN OPERATICNS. A.12

CCB FORMAT, 3-3

FORMAT 1. 4~20

FORMAT 2, 4-21

FORMAT 3, 4-23

FORMAT OF A CCE FCR DLCP, 3.4

FORMAT OF A CCB FCR MLCP, 3.4

FORMAT OF CCB FCR BLOCK MODE WRITE (DLCP), 7-5
FORMAT OF CCB FCR BLOCK MOCE WRITE (MLCP)y 7-5
FORMAT OF CCB FCR BLOCK MODE WRITE, 7-5

FORMAT OF LOAD' CONTROL BLOCK, 73

FORMAT OF MACRC CALLS FOR CCP EXECUTABLE INSTRUCTIGNS,
4-10

FORMAT OF MACRC CALLS FOR CCP GENERATION CONTRCL
STATEMENTS, 4=5

INTERNAL FORMATS, 4-5

FRAMING

FRAMING ERROR, C.13

FUNCTION

UNDEF INED FUNCTION CODES, A-12

GENERATION

CCP GENERATION CCNTROL STATEMENTS, 4-5

FORMAT OF MACRC CALLS FOR CCP GENERATION CONTRQOL
STATEMENTS, 4-5

PROCESSOR PARITY CHECKING AND GENERATION, g-4

USING CCP GENERATION CONTROL STATEMENTS AND EXECUTABLE
INSTRUCTIONS, 4-4

GENERIC
GUIDELINES

GENERIC INSTRUCTICNS, 4-27

PROGRAMMING GUICELINES FOR SELECTED MLCP,/DLCP FEATURES,
A-1

HARDWARE

HARDWARE OVERVIEW, 11
HARDWARE SUMMARY, 1.9

IDENTIFICATION

DEVICE IDENTIFICATION NUMBER, C.14 D-14 E-15 F.2
10(INPUT DEVICE ICENTIFICATION NUMBER) INSTRUCTION, 2-5
IO(INPUT EXTENCED IDENTIFICATION NUMBER) INSTRUCTION,

XMPLICITLY

CCB AREA ONLY IMPLICITLY ACCESSIBLE, A-13

INABILITY

INABILITY OF ONE LINE TO ACCESS ANOTHER, A.13

INDICATORS

DLCP REGISTERS ANC PROGRAM INDICATORS USED BY CCP, 4-3
MLCP REGISTERS ANC PRQGRAM INDICATORS USED BY CCP, 4-3

INFORMATICON

CONF IGURATION INFCRMATION, F.i
CYCLIC REDUNDANCY CHECK INFCRMATION, 6-5

INITIALIZATION
INITIALIZATXQN, A.x
INITIALIZE
SOFT XNIIIALIZE. 2«11
INPLT

LINE REGISTER 1 INPUT DATA, F.4

LINE REGISTER 1 ~ INPUT DATA. F-4

LINE REGISTER 5 INPUT STATUS ONE, F=6
LINE REGISTER 5 « INPUT STATUS ONE, F=6
LINE REGISYER 7 - INPUT STATUS 2, F-7
LINE REGISTER 7 - INPUT STATUS TWO, Fa7

INPLT/OQUTPUT

DETAILEC DESCRIPTION OF MAIN MEMORY PROGRAM INPUT/QUTPUT
INSTRUCTIONS RELATED TO PROCESSQRe 2=4

INPUT/OUTPUT INSTRUCTIONS, 4-24

SERVICING MAIN MgMORY PRQGRAM INPUT/OUTPLT INSTRUCTIONS,

SUMMARY OF MAIN MEMORY PROGRAM INPUT/QUTPLT INSTRUCTIONS
RELATED 7O PROCESSOR, 2.1 2-1
TIMINGS FOR INPUT/QUTPUT INSTRUCTIONS, 4=12

INSTRUCTION

BLBT, BLBF INSTRUCTIGONS, A~4
BLCT, BLCF INSTRUCTIONS, A=~5
BRANCH INSTRUCTIONS, 4=-16
CCP EXECUTABLE INSTRUCTIONS
CCP INSTRUCTIONS, A-3
DETAILEC DgSCRIPTION OF MAIN MEMORY PROGRAM INPUT,/OULTPUT
INSTRUCTIONS RELATED TO PROCESSOR, 2-4
DOUBLE OPERAND INSTRUCTIONS, 4=~20
FORMAT OF MACRO CALLS FOR CCP EXECUTABLE. INSTRUCTIONS,
4-10
GENERIC INSTRUCTIONS, 4-27
IN LR1 INSTRUCTION, A-4
INPUT/OUTPUT INSTRUCTIONS, 4=24
INTR INSTRUCTION (MLCP ONLY), A-5
I0 (OUTPUT CCB CONTROL) INSTRUCTION, 2-7
IOLD (OUTPUT CCB ADDRESS AND RANGE) INSTRLCTICN, 2-7
IO (INPUT CCB RANGE) INSTRUCTION, 2-5
IO(INPUT CCB STATUS) INSTRUCTION, 2-5
IO (INPUT CATA SET STATUS) INSTRUCTION, 2-5
IO(INPUT DEVICE IDENTIFICATION NUMBER) INSTRUCTION, 2-5
IO (INPUT EXTENDED IDENTIFICATION NUMBER) INSTRLCTION.
2«6
IO(INPUT LCT BYTE) INSTRUCTION, 2-6
IO (INPUT NEXT CCB STATUS) INSTRUCTION, 2-6
T0(OUTPLT CHANNEL CONTROL) INSTRUCTION, 2-8
I0(OUTPUT INTERRUPT CONTROL) INSTRUCTION, 2-10
I0(OUTPUT LCT BYTE) INSTRUCTION, 2-10
IO (OUTPUT MLCP/DLCP CONTROL) INSTRUCTION, 2-11
LD INSTRUCTION, A=t
LONG DISPLACEMENT INSTRUCTION, 4«19
OUT LR1 INSTRUCTIQN, A-3
RECV INSTRUCTION, A-3
SEND INSTRUCTION, A=3
SEND/RECEIVE INSTRUCTIONS, 4=25
SERVICING MAIN MgMQRY PROGRAM INPUT/OUTPUT INSTRUCTIONS,
1-8
SFS INSTRUCTION, A-4
SHORT DISPLACEMENT INSTRUCTIONS, 4-l6
SUMMARY OF MAIN MEMORY PROGRAM INPUT/QUTPLT INSTRUCTIONS
RELATED TO PROCESSOR, 2~1 2«1
TABLE LCOK-UP INSTRUCTION PROGRAMMING EXAMPLE, A=S
TIMINGS FOR BRANCH INSTRUCTIONS, 4~11
TIMINGS FOR DOUBLE OPERAND INSTRUCTIONS, 4-1l
TIMINGS FOR INPUT,QUTPUYT INSTRUCTIONS, 4-12
TIMINGS FOR SEND/RECEIVE INSTRUCTIONS, 4=-13
USING CCP GENERATION CONTROL STATEMENTS AND EXECUTABLE
INSTRUCTIONS, 4-4
WAIT INSTRUCTION, A-4

. 4=7 4=8

INSTRUCTIONS<

MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS< CP CODE
WORDS - RECEIVE MODE, 4-14
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS< CP CODE
WORDS - TRANSMIT MODE- 4«15

INTERFACE

BELL 301, 303~ COMPATIBLE INTERFACE. E=-16
CCITT-V35 INTERFACE (INCLUDING BELL DDS AT 56 KBS),

Eel?
INTERFACE PROVIDED BY ASYNCHRQONQOUS LINE ACAPTER (DLCP),
C

-3
INTERFACE PRpDVIDED BY ASYNCHRQNQUS LINE
COMMUNICATIONS-PAC (MLCP), C-2
INTERFACE PRQVIDED BY SYNCHRONOUS BRQADBAND
COMMUNICATIONS-PAC, E=~2
INTERFACE PROVIDED BY SYNCHRONOUS LINE ADAPTER (DLCP),

D3 .
INTERFACE PRQVIDED BY SYNCHRONOUS LINE COMMUNICATIONS-PAC
(MLCP), D=2

PHYSICAL INTERFACE OF ASYNCHRGNOUS LINE
COMMINICATIONS-PAC/ADAPTER, Col5

PHYSICAL INTERFACE OF SYNCHRONOUS LINE
COMMUNICATIONS-PAC/ACAPTER. D15
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INTERFACE (CONT)
PHYSICAL INTERFACE TO DATA COMMUNICATIONS EWUIPMENT AND
DATA TERMINAL EGUIPMENT, Cal4 D=15 E=15 F-12
PROCESSOR INTERFACES, 6-1
"NTERNAL
INTERNAL FORMATS, 4.5
INTERRUPT
CCBS AS CAUSE CF CPU INTERRULPTS, A-ll
CHANNEL REQUEST INTERRUPTS, C.g D.10
COMBINATION OF CCP INTERRUPTS AND INTR IN DEBUG, A~12
CPU INTERRUPTS, A-l]
DATA SET SCAN AS SOURCE QF CPU INTERRUPTS, A-1}
DEFERRED INTERRLPT QUEUE, A-12
10(OUTPUT INTERRUFT CONTROL) INSTRUCTION, 2.10
LCT BYTES 12744 AND 13,45.RETURN CHANNEL NUMBER AND
INTERRUPT LEVEL, 5«7
PRIQRITIES FOR SERVICING ADAPTER CHANNEL REQUEST
INTERRUPTS . DLCP, 1210
PRICRITIES FOR SERVING COMMUNICATIONS.PAC CHANNEL REGUEST
INTERRUPTS - MLCP, 1-11
PROCESSOR INTERRUPTS TO MAIN MEMORY PROGRAM, 6-1
SERVICING CCMMUNICATIONSLPAC,ADAPTER CHANNEL REQUEST
INTERRUPTS, 1.8
INTR
COMBINATION OF CCF INTERRUPTS AND INTR IN DEBUG, A.12
INTR INSTRUCTICN (MLCP ONLY), A-S
INTRODUCTION
INTRODUCTION TC LEVEL & COMMUNICATIONS, 1.1
10
10 (QUTPUT (LB CCNTROL) INSTRUCTION, 2-7
IOINPUT
IO (INPUT CCB RANGE) INSTRUCTION, 2.5
IO(INPUT CCB STATLS)INSTRUCTION, 2-5
IO(INPUT DATA SET STATUS) INSTRUCTION, 2-5
IO (INPUT DEVICE ICENTIFICATION NUMBER) INSTRUCTION, 2-5
IO(INPUT EXTENCEC IDENTIFICATION NUMBER) INSTRUCTION,
2-6
IO(INPUT LCT BYTE) INSTRUCTICN, 2-6
IO (INPUT NEXT CCB STATUS) INSTRUCTION, 2.6
1oLDOUTPUT
I0LD (QUTPUT CCB ACDRESS ANL RANGE) INSTRUCTION, 2.7
100UTPUT
10(OUTPUT CHANNEL CONTROL) INSTRUCTION, 2.8
I0(QUTPUT INTERRUPT CONTROL) INSTRUCTION, 2.10
I0(OUTPUT LCT BYTE) INSTRUCTION, 2-10
IO (QUTPUT MLCP,CLCP CONTROL) INSTRULTION, 2-11
1SSUE ,
CONDITIONS UNDER WHICH PROCESSOR WILL ISSUE A NAK, A-15
KBS
CCITT.V35 INTERFACE (INCLUDING BELL LDS AT s6 KBS),

LAYQOUT OF LCT BYTES, 5«14
LCT LAYOUT, 5-16
RAM LAYOUT, 13
LCr
I0(INPUT LCT BYTE) INSTRUCTICN, 2-6
10(QUTPUT LCT BYTE) INSTRUCTION, 2-10
LAYQUT OF LCT BYTES, 5-14
LCT BYTE 14/46-CATA SET AND ADAPTER STATLS, 5-7
LCT BYTE 15,/47-MASK FOR DATA SET AND ADAPTER STATUS,
5m
LCTQBYTE 20-LATA SET AND ADAPTER CONTROL, 5-12
LCT BYTE 2/34~CFARACTER CONFIGURATION, 5-3
LCT BYTE 8/40-CHANGE CONTROL FOR DATA SET AND ADAPTER
STATUS, 56
LCT BYTES 12744 AND 13,45-RETURN CHANNEL NUMBER- ANC
INTERRUPT LEVEL, 5-7
LCT BYTES 16/48 AND 17,49.LCT STATUS, 5.10
LCT BYTES 3,35 ANC 4,36-CYCLIC REDUNDANCY CHECK RESICUE,
5=4
LCT BYTES 6,38 ANC 7,/39-CCP POINTER, 5.5
LCT LAYOUT, 5-16
LCT STATUS BYTES 1 AND 2 (bLCP), 5«11
LCT STATUS BYTES | AND 2 (MLCP), 5-10
LCT STATUS BYTES, A=~l5
MLCP LCT BYTES LSED BY FIRMWARE, A=17
MLCP LCT LOCATICNS, A-lg
MLCP LCT WORKSKEET, A.22
LD
LD INSTRUCTICON, A-4
LENGTH
CHARACTER LENGTR, C.13 Dal13 E~l4
LEVEL
DLCP ATTACHMENT TC LEYEL 6 MOCEL 23 BUS, 1.3
INTRODUCTION TC LEVEL 6 COMMUNICATIONS, 1-1
LCT BYTES 12744 AND 13,/45-RETURN CHANNEL NUMBER AND
INTERRUPT LEVEL, 5-7
CIMITS
ADDRESSING LIMITS, A-13
LINE
ACCESS TO LINE REGISTERS, A.2

LINE (CONT)
ASYNCHRONOUS LINE COMMUNICATIONS.PACS/ACAPTERS. C-1
CONFIGURABLE SPEEDS FOR ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, Cab
INABILITY OF ONE LINE TO ACCESS ANOTHER, A-13
INTERFACE PROVIDED BY ASYNCHRONOUS LINE ADAPTER (DLCP),
C~3
INTERFACE PROVIDED BY ASYNCHRONOUS LINE
COMMUNICATIONS-PAC (NMLCP), Cw2
INTERFACE PROVIDED BY SYNCHRONOUS LINE ACAPTER (DLCP),

0.3
INTERFACE PROVIDED BY SYNCHRONOUS LINE COMMUNICATIONS.PAC
(MLCP), D=2 '
LINE CONTROL TABLES, 1-13 S5-1
LINE REGISTER 1| FOR RECEIVE CHANNEL, E=4
LINE REGISTER 1 FOR TRANSMIT CHANNEL, E-7
LINE REGISTER 1 INPUT DATA, F.4
LINE REGISTER 1 - INPUT DATA, F.q4
LINE REGISTER 1 - OUTPUT DATA, F.3
LINE REGISTER 1 OUTPUT DATA, F-3
LINE REGISTER 2 FOR RECEIVE CHANNEL, E=5
LINE REGISTER 2 FOR TRANSMIT CHANNEL, E-8
LINE REGISTER 2 - OUTPUT CONTROL, Fw-4
LINE REGISTER 2 OUTPUT CONTROL, F=4
LINE REGISTER 4 FOR RECEIVE CHANNEL, E=~5
LINE REGISTER 4 FOR TRANSMIT CHANNEL, E-8
LINE REGISTER 5 FOR RECEIVE CHANNEL., E=6
LINE REGISTER 5 FOR TRANSMIT CHANNEL, E-9
LINE REGISTER 5 INPUT STATUS ONE, F-6
LINE REGISTER 5 - INPUT STATUS ONE, F=6
LINE REGISTER 6 FOR RECEIVE CHANNEL, E=7
LINE REGISTER 6 FOR TRANSMIT CHANNEL, E-10
LINE REGISTER 7 - INPUT STATUS 2, F-7
LINE REGISTER 7 ~ INPUT STATUS TWO, F-7
LINE REGISTERS FOR RECEIVE CHANNEL, C<5 C=5 Ee4
LINE REGISTERS FOR TRANSMIT CHANNEL, C-7 Ce7 E-7
LINE REGISTERS, C-1 D=1 E=~1 F=3
LINE SPEED, C-10
PHYSICAL INTERFACE OF ASYNCHRQNOUS LINE
COMMUNICATIONS-PAC/ADAPTER, C-15
PHYSICAL INTERFACE OF SYNCHRONOUS LINE
COMMUNICATIONS=-PAC/ADAPTER. D-1% .
POSSIBLE SETTINGS FOR DLCP<5 SWITCH-SETTABLE CLOCKS (1
PER LINE), 6~7.
PRQCESSCR CONTROL OF DATA SETS AND LINE ADAFTERS, 6=3
REGISTERS OF ASYNCHRONOUS LINE
COMMUNICATIONS=-PAC/ACAPTER, Caé
REGISTERS OF SYNCHRONOUS LINE COMMUNICATIONS~FAC/ADAPTER.,
Dt
SAMPLE PROGRAM FOR RECEIVE ON ASYNCHRONCULS LINE APAPTER
(MLCP AND DLCP). C-ll
SUMMARY OF LINE CONTROL TABLE BYTES., Sel
SYNCHRONOUS LINE COMMUNICATIONS-PACS/ADAPTERS, D-1
LINE /CHANNEL
LINE/CHANNEL NUMBER ASSIGNMENT. C-14 D=14 E-15
LINES
DATA TRANSFER RATES FOR PROCESSOR COMMUNICATICNS LINES,
6=6
LCAC
FORMAT GF LOAD CONTROL ‘BLOCK, T-3
LOAD CONTROL BLOCK, 7-2
MLCP LOADER, 4=5 7=l
PROGRAM PREPARATION AND LOADING, 7-1
LoC
LOC STATEMENT, 4-6
LOCATIONS
MLCP LCT LOCATIONS, A=lg
LOCKUP
SAMPLE TABLE LOOK~UP PROGRAM (MLCP ONLY), A~7
TABLE LOOK-UP INSTRUCTION PROGRAMMING EXAMPLE, A=§
LCCP
RECEIVE LOOP, E~12
TRANSMIT LOOP, E~11
LOCF-BACK
6LO0P-BACKE TESTe C=10 D-11 E-13
LR1
IN LR1 INSTRUCTION. A-4
OUT LR1 INSTRUCTION, A-3
MACRO
FORMAT OF MACRO CALLS FOR CCP EXECUTABLE INSTRUCTIONS.
4=10
FORMAT OF MACRO CALLS FOR CCP GENERATION CONTROL
STATEMENTS, 4«5
MACRQ PREPROCESSOR AND ASSEMBLY OPERATICN. 4~5
MAIN '
DETAILEC CESCRIPTION OF MAIN MEMORY PROGRAM INPUT,/OUTPUT
INSTRUCTIONS RELATED TO PROCESSOR, 2«4
MAIN MEMORY PROGRAM, l=12 2el
PROCESSCR CHANNEL NUMBER ADDRESSING FROM MAIN MgMORY
PROGRAM, 61
PROCESSOR INTERRUPTS TO MAIN MEMORY PROGRAM, 6«1
SERVICING MAIN MEMORY PROGRAM INPUT/QUTPLT INSTRUCTIONS,
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MAIN (CONT)

1.
SUMMARY OF MAIN MEMORY PROGRAM INPUT/DUTPUT lNSTRUCTICN<
RELATED TO PROCESSOR, 2-1 2a1

MAJOR
L SUMMARY QF MAJCR FEATURES, 1=8

MAP
oLce MEMORY HAP. 1=5
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICONS< OP CODE
WORDS . RECEIVE MCDE, 4.1
MLCP BIT MAP. OF CCP ExECUTABLE INSTRUCTICNS< OP CODg
WORDS . "TRANSMIT MODE, 415
MLCP MEMORY MAP, 1.4

MASTER .
MASTER CLEAR, C~14 D-14 E-15

MEGABUS
MLCP ATTACHMtNT TC MEGABULS, 1.2

MEMORY

DETAILED DESCRIFTION OF MAIN MEMORY PROGRAM INPUT/OUIPUT
INSTRUCTIONS RELATED TO PROCESSOR, 2-4

DLCP MEMORY MAP, 1.5
MAIN MEMORY PRCCRAM, 1-12 2-1
‘MLCP MEMORY MAF, 1.4

PRQCESSQR CHANNEL NUMBER ADCRESSING FROM MAIN MEMORY
PROGRAM, 6-1

PROCESSOR INTERRUFTS TO MAIN MEMORY PROGRAM, 6=l
SERVICING MAIN MENORY PROGRAM INPUT/OQUTPLT INSTRUCT]ONS.

1- .
SUMﬁARY QF MAIN MEMORY PROGRAM INPUT,OUTPLT INSTRUCTIONS
RELATED TO PROCESSOR, 21 2-1

. UNPROTECTED ML(F/BL(P MEMORY, A-l2

MESSAGE
MESSAGE DELIMITING, 1-3

MLCP
COMMUNICATIONSLFAC ATTACHABLE TO MLCP, Bl
FORMAT OF A CCB FCR MLCP, 3.4
FORMAT OF CCB FCR BLOCK MODE WRITE (MLCP), 7-5
INTERFACE PROVICEC BY ASYNCHRONOUS LINE .
COMMUNICATIONSLFAC (MLCP), (a2
INTERFACE PROVICEC BY SYNCHRONOUS LINE COMMUNICATIONS.PAC
(MLCP), D=2
INTR INSTRUCTICN (MLCP ONLY)}, A-5
LCT STATUS BYTES 1| AND ‘2 (MLCP), 5-10
MLCP ATTACHMENT TC MEGABUS, 1.2
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS< OP CODE
WORDS . RECEIVE MCDE, 4-14
MLCP BIT MAP OF (CP EXECUTABLE INSTRUCTICNS< OP CODE
WORDS .. TRANSMIT MODE, 4-15
MLCP CCB STATUS BYTES 1 AND 2, 3.7
MLCP CCP EXECUTICN, 422
MLCP CHANNEL NUMBER ADDRESSING, 6.2
MLCP LCT BYTES USED BY FIRMWARE, A-17
MLCP LCT LOCATICNS, A.lg
MLCP LCT WORKSHEET, A-22
MLCP. LOADER, 4.5 7-1
MLCP MEMORY MAF, le4
MLCP REGISTERS AND PROGRAM INDICATORS USEL BY CCP, 4=-3
MLCP, 1.1 3-3 3.9
PRIQRITIES FOR SERVING COMMUNICATIONS.PAC CHANNEL REGLEST
INTERRUPTS - MLCP, 111
SAMPLE PROGRAM FoR RECEIVE ON ASYNCHRONOLS LINE ADAPTER
(MLCP AND DLCP)

SAMPLE PROGRAM zhCWlNG STARTUP WITHOUT CAUSING UNDERRUN
ERRQR (MLCP ANC CLCP), D-13

SAMPLE TABLE LCCK.UP PROGRAM (MLCP ONLY), A-7

WORKSHEET FOR MLCP ONLY, A=22

MLCP<S
POSSIBLE SETTINGS FQR MLCP<S FIXED-RATE CLOCK, 6.7

MLCP/DLCP
COMMUNICATIONS-FACS ANU ADAPTERS ATTACHABLE TQ MLCP/CLCP,

8-1
10(QUTPUT MLCP,CLCP CONTROL) INSTRUCTION, 2-11
PROGRAMMING GUICELINES FOR SELECTED MLCP,CLCP FEATURES,
A=l
SETTING UP THE MLCP,DLCP, 1.14
UNPROTECTED MLCP,CLCP MEMORY, A-12
MODE

BLOCK MODE REAC, A-17

BLOCK MODE WRITE, 74

CCB STATUS FIELC AFTER BLOCK MODE WRITE, 7.6

DATA TRANSFER RELATED TQO ADAPTER TYPE AND GPERATIGN MODE,

FORMAT OF CCB- FCR BLOCK MODE WRITE (DLCP), 7-5
FORMAT OF CCB FCR BLOCK MODE WRITE (MLCP), 7.5
FORMAT OF CCB FCR BLOCK MODE WRITE, 75
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICNS< OP CODE
WORDS .- RECEIVE MCDE, 414
MLCP BIT MAP QF CCP EXECUTABLE INSTRUCTICNS< OP CODE
WORDS ~ TRANSMIT WODE, 415
MODEL
DLCP ATTACHMENT TG LEVEL & MODEL 23 BUS, 1-3
MONITORING

MONITORING (CONT)
PROCESSOR MONITORING OF DATA SET AND ADAPTER STATUS,

6-3
MORG STATEMENT, 4-6
NAK .
CONDITIONS UNDER WHICH PROCESSOR WILL ISSUE A NAK, A-1§
NUMBER ~ - : !
DCMg110 CHANNEL NUMBER ASSIGNMENTS, F-1
DEVICE IDENTIFICATION NUMBER, C.14 Dul4 E-15 Fu2
-DLCP CHANNEL NYMBER ADDRESSING, 6=2
10 (INPUT DEVICE IDENTIFICATION NUMBER) INSTRUCTION, 2~5
IO(INPUT EXTENDED IDENTIFICATION NUMBER) INSTRLCTION,
2=6
LCT BYTES 1244 AND 13/45-RETURN CHANNEL NUMBER AND
INTERRUPT LEVEL, 5-7
LINE/CHANNEL NUMBER ASSIGNMENT. C-14 D=l4 E-15
MLCP CHANNEL NUMBER ADDRESSING, 6=2
PROCESSCR CHANNEL NUMBER ADDRESSING Fnor~MAxN MEMORY
PROGRAM, 6.1
op

MLCP BIT-MAP OF CCP EXECUTABLE INSTRUCTIONS< CP CODE
WORCS - RECEIVE MODE, 4~14
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS< CP CODE
WORDS - TRANSMIT MODE, 4-15
UNCEFINED OP CODES, A~12
OFERAND
DOUBLE CPERAND INSTRUCTIONS. 4=20
TIMINGS FOR DOUBLE OPERAND INSTRUCTIONS, 4=-11
CFERATION
DATA TRANSFER RELATED TO ADAPTER TYPE ANC OPERATION MODE o

6-7
FORBIDDEN OPERATIONS, A.12
MACRO PREPROCESSOR AND ASSEMBLY OPERATION, 4«5
GPERATION. 1-2
Two-wAv ALTERNATE OPERATION, A-14
OPTION
AUTOMATIC CALLING DEVICg CONFIGURATION CPTIGN F.2
ORG
ORG STATEMENT, 46
OLTFUT
10 (OUTPUT CCB CONTROL) INSTRUCTION, 2-7
LINE REGISTER 1 - OUTPUT DATA, F-3
LINE REGISTER 1 OUTPUT DATA, F=3
LINE REGISTER 2 - OUTPUT CONTROL, F-4
LINE REGISTER 2 OUTPUT CONTROL. F~4
OVERRUN .
RECEIVE OVERRUN, c_11 D12 E-13
CVERVIEW
HARDWARE ovsav:ew. l-1
PROGRAMMING OVERVIEW, 1~11
PAC
NEED FOR PAD CHARACTERS, A-13
PARITY
PARITY, C~13 D-13 E-14
PROCESSCR PARITY CHECKING AND GENERATION, 6e4
FhYS]CAL
PHYSICAL INTERFACE OF ASYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, C-15
PHYSICAL INTERFACE OF SYNCHRONOUS LINE
COMMUNICATIONS-PAC/ADAPTER, D15
PHYSICAL INTERFACE TO DATA COMMUNICATIONS gGUIPMENT AND
DATA TERMINAL EQUIPMENT, Cel4 Da15 E-15 Fal2
PLACEMENT
TIMING sscugucs OF CALL PLACEMENT. F-8

PCINTER

LCr BYTES 6/38 AND 7/39-CCP POINTER, 5-5
PRELOADING

PRELQADING THE TRANSMIT BUFFER, E-12 E=~12
PREFPARATION

PROGRAM PREPARATION AND LOADING, 7=l
PREPROCESSOR

MACRO PREPROCESSOR AND ASSEMBLY OPERATION, 4-5
PRICRITIES
PRICGRITIES FOR SERVICING ADAPTER CHANNEL REGUEST
INTERRUPTS « DLCP, 1«10
PRIORITIES FOR SERYVING COMMUNICATIONS-PAC CHANNEL REGUEST
INTERRUPTS o« MLCP, 1a11
PROCESSING PRIORITIESs 1-8
PRCCESSING
PROCESSING OF AN ¢ACTIVEg CCB, 3.10
PROCESSING PRIORITIESs 1-8
PRCCESSOR
CONDITIONS UNDER WHICH PROCESSOR WILL ISSUE A NAK, A-15
DATA TRANSFER RATES FOR PROCESSOR COMMUNICATICNS LINES,

6=6

DETAILEC CESCRIPTION OF MAIN MEMORY PROGRAM INPUT/QUTPUT
INSTRUCTIONS RELATED Y0 PROCESSORe 2-4
_PROCESSOR CHANNEL NUMBER ADDRESSING FROM MAIN MEMORY
PRQGRAM, 6.1

PROCESSOR CONTROL OF DATA SETS AND LINE ACAPTERS, 6=3
PROCESSOR CYCLIC REDUNDANCY CHECKING, 6<5
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PROCESSOR (CONT)

PROCESSOR INTERFACES, 6.1
PROCESSOR INTERRUPTS TO MAIN MEMORY PROGRAM, 61
PRO(ESSOR MONITCRING OF DATA SET AND ADAPTER STATUS,

PROCESSOR PARITY CHECKING AND GENERATION, 6-4
SUMMARY OF MAIN MEMQORY PROGRAM INPUT,OQUTPUT INSTRUCTICNS
RELATED TO PROCESSOR, 2.1 2.1

PROCESSORx#RECEIVING

SETTING UP THE FRCCESSCRzRECEIVING AND TRANSMITTING DATA,
1-13

PROGRAM

CHANNEL CONTROL PROGRAM, 1-12 4«1

DETAILED DESCRIPTION OF MAIN MEMORY PROGRAM INPUT,QUTPUT
INSTRUCTIONS RELATEC TO PRQCESSOR, 2-4

DLCP REGISTERS ANC PROGRAM INDICATORS USEC BY CCP, 4«3
MAIN MEMORY PRCGRAM, 1.12 2.1

MLCP REGISTERS ANC PROGRAM INDICATORS USED BY CCP, 4~3
PROCESSOR CHANNEL NUMBER ADCRESSING FROM MAIN MEMORY
PROGRAM, 6-1

PROCESSOR INTERRUFTS TO MAIN MEMORY PROGRAM, 6-1

PROGRAM DEVELOPNENT TOOLS, 4=-4

PROGRAM PREPARATICN AND LOACING, 7-1

SAMPLE PROGRAM FCR RECEIVE CON ASYNCHRONOUS LINE ADAPTER
(MLCP AND DLLP), Ca1l

SAMPLE PROGRAM SHCWING STARTUP WITHOUT CAUSING UNDERRUN
ERRQR (MLCP ANC CLCP), D-13

SAMPLE PROGRAM, 7.2

SAMPLE TABLE LCCK.UP PROGRAM (MLCP ONLY), A-7

SERVICING MAIN MgMORY PRCGRAM INPUT,QUTPLT INSTRUCTIONS,

1-8
SUMMARY oF MAIN MEMQRY PROGRAM INPUT,OUTPLT INSTRUCTIQNS
RELATED TO PROCESSOR, 2-~1 2.1

PROGRAMMING

PROGRAMMING CONSICERATIONS, C.g D~9 k-10 F.g
PROGRAMMING FOR EFFECTIVE USE OF THE 64-BYTE BUFFER,

E-10
PROGRAMMING GUICELINES FOR SELECTED MLCP,DLCP FEATURES,
A-1
PROGRAMMING OVERVIEW, 1-11
PROGRAMMING RULES, 4-4
PROGRAMMING WORK AREA, 5.
TABLE LOGK-LP IASIRUCTION PROGRAMMING EXAMPLE, A.5

PROGRAMS
CONTROL OF CHANNEL CONTROL PRCGRAMS, 2.3
QUEUE
DEFERRED INTERRUFT GUELE, A.12
RACE
AVOIDING PQSSIBLE RACE CONLITION DURING CALL ABORT,
Fa1l
M
RAM LAYOLT, 1.3
RANGE
CCB RANGE FIELC, 35
10LD (QUTPUT (CB ACDRESS AND RANGE) INSTRUCTION, 2.7
10 (INPUT CCB RANGE) INSTRULLTICN, 2.5
RATES
DATA TRANSFER RATES FOR PRCCESSOR COMMUNICATIONS LINES,
6-6
READ
BLOCK MODE REAC, A-17
RECEIVE
DATA TRANSFERS RECEIVE, E-11
LINE REGISTER 1| FCR RECEIVE CHANNEL, E-4
LINE REGISTER 2 FCR RECEIVE CHANNEL, €-5
LINE REGISTER 4 FCR RECEIVE CHANNEL, E-5
LINE REGISTER 5 FCR RECEIVE CHANNEL, E-6
LINE REGISTER ¢ FCR RECEIVE CHANNEL, E-7
LINE REGISTERS FCR RECEIVE CHANNEL, (-5 Co5 E-g
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICNS< OP COCE
WORDS .~ RECEIVE MCDE, 4-14
RECEIVE CHARACTER SVNCHRCNXZATION D11 E-13
RECEIVE LOOP, E.12
RECEIVE OVERRUN, Ca11 Do12 E-13
RECEIVE, l-6
SAMPLE PRQGRAM FOR RECEIVE CN ASYNCHRONOLS LINE ADAPTER
(MLCP AND DLCP), C-11
TRANSMIT ANC RECEIVE, lug
RECEIVE,/TRANSMIT
RECEIVE,TRANSMIT CN, C~10 L~11 E-10
RECEIVING
RECEIVING DATA, 1.15
RECV
RECV INSTRUCTICN, A.3
REDUNDANCY
CYCLIC REDUNLANCY CHECK INFCRMATION, 6.5
CYCLIC REDUNUANCY CHECK, C~13 E-14
LCT BYTES 3,35 ANC 4,36-CYCLIC REDUNDANCY CHECK RESIPDUE,
St
PROCESSOR CYCLIC REDUNDANCY CHECKING, 6~5
REGISTER

LINE REGISTER | FCR RECEIVE CHANNEL, Ew4

REGISTER (CONT)
LINE REGISTER
LINE, REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER
LINE REGISTER

RECISTERS
ACCESS TO LINE REGISTERS, A-2
DLCP REGISTERS AND PROGRAM INDICATORS USED BY CCP, 4-3
LINE REGISTERS FOR RECEIVE CHANNEL, C<5 C=5 E-4
LINE REGISTERS FOR TRANSMIT CHANNEL, C-7 C=7 E=7
LINE REGISTERS, C-] D=l E-1 F-3
MLCP REGISTERS AND PROGRAM INDICATORS USEC BY CCP, 4-3
REGISTERS OF ASYNCHRONOUS LINE
COMMUNICATIONS~PAC/ADAPTER, Cud
REGISTERS OF SYNCHRONOUS BROADBAND COMMUNICATIONS-PAC,

E-3
REGISTERS OF SYNCHRONOUS LINE COMMUNICATIGNS=-FAC/ADAPTER,
Dag

RELATED

DATA TRANSFER RELATED To ADAPTER TYPE AND OFERATION MODE,
6-7

DETAILEC CESCRIPTION OF MAIN MEMORY PROGRAM INPUT,QUTPULT
INSTRUCTIONS RELATED TO PROCESSOR, 2-4

DETECTICN OF ERRORS AND STATUS CHANGES RELATEC TO DATA
COMMUNICATIONS EQUIPMENT AND DATA TERMINAL EGUIPMENT,

243

SUMMARY gF MAIN MEMORY PROGRAM INPUT,OUTPLT INSTRUCTIQNS
RELATEC TO PROCESSOR, 2.1 2-1

REGLEST
CHANNEL REQUEST INTERRUPTS, C-9 D-10
PRICRITIES FOR SERVICING ADAPTER CHANNEL REGUEST
INTERRUPTS - DLCP, 1-10
PRIORITIES FOR SERVING COMMUNICATIONS-PAC CHANNEL REGUEST
INTERRUPTS - MLCP, 1-11
SERVICING COMMUNICATIONS.PAC/ADAPTER CHANNEL REQUEST
INTERRUPTS, 1-8

RESIDUE
LCT BYTES 3735 AND 4/36.CYCLIC REDUNDANCY CHECK RESILUE,

5~4

FOR TRANSMIT CHANNEL, E=7
INPUT DATA, Fu4

- INPUT DATA. Fe4

- OUTPUT DATA, Fa3

OUTPUT DATA, F=3

FOR RECEIVE CHANNEL, E-5
FOR TRANSMIT CHANNEL, E-~8
-~ QUTPUT CONTROL, Fa4
OUTPUT CONTROL, F-4

FOR RECEIVE CHANNEL, E=5
FOR TRANSMIT CHANNEL, E-8
FOR RECEIVE CHANNEL, E=6
FOR TRANSMIT CHANNEL, E=9
INPUT STATUS ONE, F=6

- INPUT STATUS ONE, F~6
FOR RECEIVE CHANNEL, E=7
FOR TRANSMIT CHANNEL, E=10
- INPUT STATUS 2, F-7

= INPUT STATUS TWO, F=7
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RLLES
PROGRAMMING RULES, 44
SANELE
SAMPLE FROGRAM FOR RECEIVE ON ASYNCHRONOUS LINE ADAPTER
(MLCP AND DLCP), Cell
SAMPLE PROGRAM SHOWING STARTUP WITHOUT CAULSING UNDERRUN
ERROR (MLCP AND DLCP), D-13
SAVPLE PROGRAM, 72
SAMPLE TABLE LOUK-UP PROGRAM (MLCP ONLY)e AT
SCAN
DATA SET SCAN AS SOURCE OF CPU INTERRUPTS. A-11
DATA SET S5CAN. A-10
SCANNING
BACKGROUNC FIRMWARE SCANNING, 1-11
SELECTION
SPEEC SELECTION, D-10
SENC
CLEAR TC SEND, C-10 D=1z E-13
SEND INSTRUCTION, A-3
SENC /RECE [VE
SEND/RECEIVE INSTRUCTIONS, 4=25
TIMINGS FQR SEND/RECEIVE INSTRUCTIONS, 4-13
SEGLENCE
TIMING SEGUENCE OF CALL PLACEMENT, F-8
TYPICAL AUTOMATIC CALLING EQUIPMENT/DCMg110/MLCP TIMING
SEGUENCE, F-8
SERVICING
PRIORITIES FOR SERVICING ADAPTER CHANNEL REGUEST
INTERRUFTS - DLCP, 1-10
SERVICING COMMUNICATIONS-PAC/ADAPTER CHANNEL REQUEST
INTERRUPTS, 1-8
SERVICING MAIN MEMORY PROGRAM INPUT/QUTPUT INSTRUCTIONS.
1-8
SERVING
PRIORITIES FOR SERVING COMMUNICATIONS-PAC CHANNEL REQUEST
INTERRUPTS « MLCP, l-11
SET
DATA SET SCAN AS SOURCE OF CPU INTERRUPTS, A-11
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SET (CONT)
DATA. SET SCAN, A.10
DIGITAL SKGNAL CHARACTER SET, F-h -
I0(INPUT DATA SET STATUS) INSTRUCTION, 2.5
LCT BYTE 14,46-CATA SET ANC ADAPTER STATUS, S5-7' .
LCT BYTE 15,47-MASK FOR DATA SET AND ADAPTER STATUS,

5«9 - -
LCT BYTE 20.DATA SET AND ADAPTER CONTROL, 512

. LCT BYTE 8/40-CHANGE CONTROL FOR DATA SET AND ADAPTER
STATUS, 5-6
PROCESSOR CONTRCL OF DATA SETS AND LINE ADAPTERS, 6.3
PROCESSOR MONITCRING OF DATA SET AND ADAPTER STAIUS

SETTING .
SETTING UP THE MLCP,DLCP, 1-14
SETTING UP THE FRCCESSORsRECEIVlNG AND TRANSMITTING DATA,
1-13
SETTINGS
POSSIBLE SETTINCS FCR DLCP<S SWIT(H-SETTABLE CLOCKS ([
PER LINE)y 6=7 -
POSSIBLE SETTXNCS FCR MLCP<S FIXED-RATE CLoCK, 6.7
SETUP
ADAPTER SETUP, A.2
CCP SETUP. 4-1

SFS .

SFS INSTRUCTION, A-g
SHORT .~ - ’
. SHORT DISPLACEMENT INSTRUCTIONS, 4-16
SIGNAL

DIGITAL SIGNAL CHARACTER SFT. Fagy
SOFT .

SOFT INITIALIZE, 2-11
SQURCE

DATA SET SCAN AS SOURCE OF C(PU INTERRUPTS, A-11
SPACE /MARK
TRANSMIT SPA(E/FARK C-10
SPEEDL
LINE SPEED, ¢-10
SPEED SELECTION, Cw10
SPEEDS
CONFIGURABLE SPEECS FOR ASYNCHRONOUS LINE
COMMUNICATIONS.FAC/ADAPTER, C=6
STARTING
STARTING (CP, 4al
STARTUP
SAMPLE PROGRAM SHCWING STARTUP WITHOUT CAUSING UNDERRUN
ERRQR (MLCP ANC CLCP), Da13
STATEMENT
CCP GENERATION (GNTROL STATEMENTS, 4-5
DATA STATEMENT, 4.
FORMAT OF MACRC LALLS FOR CCP GENERATION CONTROL
STATEMENTS, 4«5
Loc STATEMENT. 4<6
MORG STATEMENT, 46
ORG STATEMENT, 4-6
USING CCP GENERATION- CONTROL STATEMENTS AND EXECUTABLE
INSTRUCTIONS, 4<4
STATUS
CCB STATUS BYTES, A.le ‘
CCB STATUS FIELC AFTER BLOCK MODE WRITE, 7-6
CCB STATUS FIELC, 3.6
DETECTION OF ERRCRS AND STATUS CHANGES RELATED To DATA
COMMUNICATIONS EGUIPMENT ANC DATA TERMINAL EQUIPMENT.
2-3
DLCP CCB STATUS BYTES 1 AND 2, 3-7
10 (INPUT CCB STATLS) INSTRUCYION, 2-5
10 (INPUT DATA SET STATUS) INSTRUCTION, 2.5
IO (INPUT NEXT CCB STATUS) INSTRUCTION, 246
LCY BYTE 14/46-CATA SET ANC ACAPTER STATLS, 5-7
LCT BYTE 15,47-MASK FOR DATA SET AND ADAPTER STATUS,
5-9 ,
LCT BYTE 8/,40.CHANGE CONTROL FOR DATA SET AND ADAPTER
STATUS, 5-6 ‘
LCT BYTES 16/48 AND 17,49-LCT STATUS, 5.10
LCT STATUS BYTES | AND 2 (DLCP), S5=1l
LCT STATUS BYTES 1 AND 2 (MLCP), 5-10
LCT STATUS BYTES, A-15
LINE REGISTER 5 INPUT STATUS ONE, Fw6
LINE REGISTER 5 ~ INPUT STATUS ONE, F.6
LINE REGISTER 7 ~ INPUT STATUS 2, Fa7
LINE REGISTER 7 ~ INPUT STATUS TWO, F-7
MLCP CCB STATUS BYTES | AND 2, 3.7
PROCESSOR MONITCRING OF DATA SET AND ADAPTER STATUS,

6~3
STATUS OF AUTOMATIC CALLING DEVICE, F-11

STOP BITS, C~13
STRUCTURE

CCP STRUCTURE ANC CCMPONENTS, 4=1
SUMMARY ¢

SUMMARY » EXAMPLES. Fa9
SUMMARY

sTopP

i-8

. TRANSFER
D

SUMNARY (CONT)
HARDWARE SUMMARY, 19
SUMMARY GF LINE CONTROL TABLE BYTESe 5-1
SUMMARY OF MAIN MEMORY, PROGRAM !NPUTIOUTPUT INSTRUCTIONS
RELATED TO PROCESSOR, 2-1 2-1
SUMMARY OF MAJOR FEATURES. 1-8
SWITCH=SETTABLE
POSSIBLE SETTINGS FOR DLCP<S SNITCH-SETTABLE CLOCKS (1
PER LINE)s 6w7
SYNCHRONIZATICN
RECEIVE CHARACTER SYNCHRONIZATION. D~11 E-13
SYNCHRONOUS
INTERFACE PROVIDED BY SYNCHRONGUS BROADBAND
‘COMMUNICATIONS=PAC, E-2
INTERFACE PROVIDED BY SYNCHRONOUS LINE ADAPTER (DLCP),
D~3
INTERFACE- PROVIDED BY SYNCHRONQUS LINE CCVNLNICATIONS-PA(
(MLCP) .. Dw2
PHYSICAL INTERFACE OF SYNCHRONOUS LINE
COMMUNICAT IONS-PAC/ADAPTER, D15
REGXSYERS OF SYNCHRONOUS BROADBAND COMMUNICATIQNS~PAC.

REGISTERS OF SYNCHRONOUS LINE COMMUNICATIONS~FAC/ADAPTER
© Daé

SYNCHRONQUS BROADBAND CGMMUNICATIONS~PACS, E-1
SYNCHRONOUS LINE COMMUNICATIONS-PACS/ADAPTERS, D-1

LINE CONTROL TABLES, le13 5-1

SAMPLE TABLE LOOK-UP PROGRAM (MLCP ONLY), A-7

SUMMARY OF LINE CONTROL TABLE BYTES, S-1 '

TABLE LOOK«UP INSTRUCTION PROGRAMMING EXAMPLE, A-5
TERNMINAL

DETECTION OF ERRORS AND STATUS CHANGES RELATEC TO DATA
COMMUNICATIONS EQUIPMENT AND DATA TERMINAL EGUIPMENT,

TAELE

2=3
PHYSICAL INTERFACE TO DATA COMMUNICATIONS EGUIPMENT AND
DATA TERMINAL EQUIPMENT, C~14 D~15 E=-15 F-lZ
TERVMINATION
ABNORMAL CCP TERMINATION, A-17
CALL TERMINATION, F=-9
TEST
6LOOP-BACKE TEST. Cwl0 D-ll E-13
TIVEOUTS
TIMEQUTS, A-13
TIVING
TIMING SEGUENCE OF CALL PLACEMENT, F-8
TYPICAL AUTOMATIC CALLING EQUIPMENT/DCM9110/MLCP TIMING
SEGUENCE, F-8
TININGS
TIMINGS FOR BRANCH INSTRUCTIONS,. 4~11
TIMINGS FOR DOUBLE OPERAND INSTRUCTIONS, 4~l1
TIMINGS FOR INPUT/OUTPUT INSTRUCTIONS, 4=-12
TIMINGS FOR SEND/RECEIVE INSTRUCTIONS, 4-13
TGCLS -
PROGRAM DEVELOPMENT TOOLS, 4=4

ATA TRANSFER CLOCKS, Do14 E~15

DATA TRANSFER RATES FOR PROCESSOR COMMUNICATICNS LINES,

b6=6 .

DATA TRANSFER RELATED To ADAPTER TYPE AND QPERATION MODE,

6-7 '
TRANSFERS?Y

DATA TRANSFERS®

DATA TRANSFERSt®
TRANSFERS

DATA TRANSFERS,
TRANSMIY

DATA TRANSFERS?*

LINE RECISTER | FOR TRANSMIT CHANNEL. E=7

LINE REGISTER 2 FOR TRANSMIT CHANNEL. E-8.

LINE REGISTER 4 FOR TRANSMIT CHANNEL, E-8

LINE REGISTER 5 FOR TRANSMIT CHANNEL, E-9

LINE REGISTER 6 FOR TRANSMIT CHANNEL, E-10

LINE REGISTERS FOR TRANSMIT CHANNEL, C~7 Ca? Ew7

MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTICNS< CP CODE

WORDS ~-TRANSMIT MODE, 4-15

PRELOADING THE TRANSMIT BUFFER, E=12 E=l2

TRANSMIT AND RECEIVE. l-8

TRANSMIT LOOP, E~-ll

TRANSMIT SPACE/MARK, C-10

TRANSMIT UNDERRUN, D=12 E-l4

TRANSMIT, '1=-7
TRANSMITTING

SETTING UP THE PROCESSOR¢RECEIVING AND TRANSMITTING DATA,

ReCEIVE. E~11
TRANSMIT, E-11

C~9 D=9 F-9
TRANSMIY, Ew~l1

© lel3

TRANSMITTING DATA, l=l6
ThCoWAY

TWO-WAY ALTERNATE OPERATION, A-14
TYPE

DATA TRANSFER RELATED To ADAPTER TYPE ANC OPERATION MODE.
6=7
TYPICAL
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TYPICAL (CONT)
TYPICAL AUTOMATIC CALLING EGUIPMENT,DCMg110/MLCP TIMING
SEQUENCE., F-8
UNDEF INED
UNDEFINED FUNCTION CODES, A-12
UNDEFINED OP CCCES, A-12
UNDERRUN
SAMPLE PROGRAM SHCWING STARTUP WITHOUT CAUSING UNDERRUN
ERROR (MLCP ANC CLCP), D13
TRANSMIT UNDERRUN, D12 E-l4
UNPROTECTED
UNPROTECTED MLCP,CLCP MEMORY, Aw12:
VALID
VALID CCBS, A-g
WAIT
WAIT INSTRUCTICN, A-4
WORDS

WCRCS (CONT)
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS< CP CODE
WORDS - RECEIVE MODE, 4-14
MLCP BIT MAP OF CCP EXECUTABLE INSTRUCTIONS< CP CODE
WORDS -~ TRANSMIT MODE, 4«15

WORK
PRQGRAMMING WORK AREA. S5-14

WCRKSHEET
MLCP LCT WORKSHEET, A=22
WORKSHEET FOR MLCP ONLY, A-22

WRITE .
BLOCK MODE WRITE, 7=~4
CCB STATUS FIELD AFTER BLOCK MODE WRITE. 7-~6
FORMAT OF CCB FOR BLOCK MODE WRITE (DLCP), 7«5
FORMAT OF CCB FOR BLOCK MODE WRITE (MLCP), 7<5
FORMAT OF CCB FOR BLOCK MODE WRITE, 7-5
WRITING A CCB, 3-9
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