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NMLCP MLC-16

Flexible Line Adapter Line Interface Unit (LIU)
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System Console Facility (SCF), Remote Support Facility (RSF)
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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 communica-
tions programmers in creating applications for a Honeywell
DPS 6/Level 6 hardware system, utilizing a New Multiline
Communication Processor (NMLCP).

The manual discusses the NMLCP and its 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.

Section 1 of this document is a general introduction to the
NMLCP and compatibility with the Multiline Communications
Processor (MLCP).

Section 2 provides a programming overview of the NMLCP.

Section 3 contains the channel control program instruction
set.

Sections 4, 5, and 6 detail the communications control
blocks, line control tables and the processor interfaces used in
creating applications for the NMLCP.

Appendix A contains the programming guidelines for selected
NMLCP features.

Appendixes B, C, D, and F describe the communications
adapters supported by the NMLCP.

USER COMMENTS FORMS are included at the back of this manual. These forms are to be used
to record any corrections, changes, or additions that will make this manual more useful.

This document is issued under authority of Honeywell Document Issue Notice No. BLCDD7341
(April 1983).
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 indirect, special or consequential
damages. The information and specifications in this document are subject to change
without notice.

© Honeywell Information Systems Inc., 1983 File No.: 1R0O3,1S03 GA02-00
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Appendix E presents the Flexible Line Adapter Package.

Appendix G contains a glossary of acronyms and their
definitions.

Reference literature for data communications equipment
includes the following Honeywell publications.

Order

Number Manual Title

Cz02 GCOS 6 MOD 400 System Building & Administration

Cz03 GCOS 6 MOD 400 System Concepts

Cz05 GCOS 6 MOD 400 System Programmer's Guide -
Volume I

Cz06 GCOS 6 MOD 400 System Programmer's Guide -
Volume II

Cz07 GCOS 6 MOD 400 Programmer's Pocket Guide

CZl6 GCOS 6 MOD 400 System Messages

Cz17 GCOS 6 MOD 400 Commands

Cz38 GCOS 6 Assembly Language (MAP) Reference

The following non-Honeywell publications should be referenced
as appropriate.

EIA (Electronic Industries Association) Standard RS-232C

CCITT (International Consultive Committee for Telephony
and Telegraphy) White Book, Volume VIII

Data Set 103A Interface Specification - February 1967
(Bell System Technical Reference, PUB41101)

Data Set 103A3/103E/103G/103H Interface Specification -
October 1973 (Bell System Technical Reference, PUB41102)

Data Set 103F Interface Specification - May 1964 (Bell
System Technical Reference, PUB41103)

Data Set 113A Interface Specification - August 1973 (Bell
System Technical Reference, PUB41104)

113-Type Data Station Interface Specification - October
1971 (Bell System Technical Reference, PUB41105)

Data Sets 201A & B - August 1969 (Bell System Technical
Reference, PUB41201)

Data Set 201C Interface Specification - April 1973 (Bell
System Technical Reference, PUB41210)
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Data Sets 202C & D Interface Specification - May 1964
(Bell System Technical Reference, PUB41202)

Data Sets 202S & T Interface Specification - August 1974
(Bell System Technical Reference, PUB41212)

Data Set 203-Type - Revised April 1974 (Bell System
Technical Reference, PUB41204)

Data Set 208A Interface Specification - November 1973
(Bell System Technical Reference, PUB41209)

Data Set 208B Interface Specification - August 1973 (Bell
System Technical Reference, PUB41211)

Data Set 301B Interface Specification - March 1967 (Bell
System Technical Reference, PUB41301)

Wideband Data Station 303 Type - December 1974 (Bell
System Technical Reference, PUB41302)

Digital Data System Data Service Unit Interface
Specification - March 1973 (Bell System Technical
Reference, PUB41450)

Interface Between Data Terminal Equipment and Automatic

Calling Equipment for Data Communication - August 1969
(Electronic Industries Association, RS-366)
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Section 1
INTRODUCTION

The New Multiline Communications Processor (NMLCP) is a
primary hardware product that will support the communication
requirements of networking. This includes both primary and
secondary networks, front end and satellite processors, in nodes
of DPS 6/Level 6-based networks and Binary Synchronous
Communication (BSC) and Systems Network Architecture (SNA)
compatible nodes, and general communications facilities. It
supports local and remote terminals in a multifunction
environment including transaction processing, data entry, and
word processing. The NMLCP also supports the requirements of
public Value Added Network (VAN), and Public Data Network (PDN).

The NMLCP is the successor to the Multiline Communications
Processor (MLCP) and, as such, provides Compatible MLCP
functionality and additional Extended functionality. The
Compatibility and Extended modes of operation are described in
this section.

The NMLCP is a programmable, firmware-controlled
communications processor that provides an interface with the
DPS 6/Level 6 Megabus Network and up to 16 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 100,000 bits per second)
are supported by the system.
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The NMLCP performs data transfer between main memory and the
Communications Adapter (CA) of each line; each character or byte
is handled individually by the NMLCP, hereafter referred to as
the Processor. This Processor uses a combination of firmware,
software-generated parameters and software-generated Channel
Control Programs (CCPs) to produce the appropriate user-defined
action for each data element.

The CCP controls the communications equipment interface,
connects, disconnects, and monitors the state of the line, and
transmits and receives data. This data is then processed one
character at a time, with the ability of the CCP to transfer,
translate, edit, delete, add elements, and recognize special
characters; the protocol of the lines can also be supported.

The software components required to support the Processor are

the main memory resident driver program and the local store (CCP
RAM) resident Channel Control Programs (CCPs).

The interface between main memory and the CCPs is the Line
Control Tables (LCTs) and Communications Control Blocks (CCBs).
Each channel has a unique and independent LCT and CCB area, thus
making the CCPs reentrant. The LCT contains configuration,
status, and control information while the CCBs contain address,
range, and the control and status required to execute direct
memory access transfers between the Processor and main memory.

The main memory program is used to control, by the execution

of I/0 orders, the operations of the controller. The main memory

program has the responsibility to initialize, load the CCP, set
up the line and control information, set up CCBs, start and stop
CCP execution, and process the interrupts from the controller,

The Processor also provides other services for all channels
such as parity and Cyclic Redundancy Check (CRC) checking,

timers, and the means by which the channels are controlled by and

report to the CPU software.

The Processor includes special functionality to support
online testing of individual channels, to provide for a remotely
initiated initialization/restart, and to support polling of
multidrop lines.

1-2 GA02-00
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NMLCP HARDWARE OVERVIEW

The Processor is a single primary circuit controller board
using a single interface slot of the DPS 6/Level 6 Megabus

- Network. The Processor provides the common elements shared by

all communications lines. It is one component of a set of
communications components consisting of communications
controllers, Communications Adapters (CAs), and Flexible Line
Adapter Packages (FLAPs). These components provide flexibility
of choice as to number of lines, maximum line speed, data
format/protocol, and Dataset/DCE interface. A typical multiline
communications subsystem consists of a communications controller
(i.e., the NMLCP), up to 4 CAs and up to 16 FLAPs. The CAs mount
on and connect to the Processor via a special adapter interface,
the FLAPs mount in a separate chassis and connect to the CA via a

FLAP bus. Figure 1-1 shows a subsystem with an NMLCP, 4 CAs, and
16 FLAPs.

-
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#0 bd T
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FLAP BUS #
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u E %3
S R |
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Figure 1-1. NMLCP Communication Subsystem
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Communications Adapters (CAs)

The CA is a quarter-sized adapter board which attaches to the
controller board via a special adapter interface. The CA
contains line data format hardware, serial-parallel conversion,
line buffering, and line protocol generation/recognition
functions such as Flags, zero bit insertion Cyclic Redundancy
Check (CRC), zero bit insertion and deletion, etc. CA boards of
various types will support up to four lines, speeds up to 100K
bps, and synchronous/asynchronous or High-Level Data Link Control
(HDLC) protocols.

The three Communications Adapters availiable are:

l. New Multiline Controller Synchronous/Asynchronous
Adapter (NSAA)

2. NMLCP Broadband HDLC/Synchronous Adapter (NBHSA)

3. NMLCP Asynchronous, Integrated RS-422 Direct Connect
Adapter (NACLA/DC).

Item 3 is the integrated RS-422 direct connect interface and
is considered to be a FLAPless CA., The functionality normally
supported by this FLAP has been integrated on the adapter board.

F i i P FLAP

The FLAPs are mounted in a separate chassis and connect to
the CA via a bus cable. The FLAPs contain the electrical and
mechanical characteristics of the interface and the line
interface-specific hardware to the DCE. The FLAPs provide the
following interfaces: RS-232C/V.24, MIL-188-114, RS-422A Direct
Connect, 20-mA current loop, Autocall, X.21, V.35, and Bell 303.
Refer to Appendix E for a detailed FLAP description.

Random-Access Memory (RAM) Layout

The Processor contains four random-access memories. The
first is the 16K byte Local Store (CCP RAM) which holds CCPs for
all channels. Software determines which size local store is
present by writing and then reading the RAM using the RAM Data
Transfer operation described in the subsection entitled "RAM Data
Transfer." The second is the 2K byte CCB RAM providing eight
CCBs per channel. The third RAM is 4K bytes in size and contains
the LCTs. The fourth RAM is the bus processor RAM containing
various protected registers; these are not accessible to CCPs.
All RAM locations consist of eight bits of information plus one
parity bit. The CCP RAM also has a parity bit per byte
location. If a RAM parity error is detected, the RAMP bit in
interrupt B status (FC=06) is set and a stop I/0 is performed on
the channel.
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For compatibility with the MLCP, the LCT, CCB, and CCP areas
shown in Figure 1-2 (equivalent to those of the MLCP) are visible
to the CPU via Block Read/Write orders. The set of LCTs and CCBs
that are visible depends on the line number used for the order.
(Lines 0 through 7 obtain LCTs and CCBs for lines 0 through 7 and
lines 8 through 15 obtain LCTs and CCBs for lines 8 through 15.)
The same CCP area is accessed for all lines.

Note that this memory map is created by the Processor
specifically to resemble that of the MLCP; it should also be
noted that CCP memory locations 3584 through 4095 are not
accessible via Block Mode Access and that only the first four
CCBs of each channel are accessible,

All of the information required by the Processor to perform
its processing is stored locally in its RAMs. The RAMs may be
written or read by the CPU as desired. RAM contents include the
following general classes of information:

l. One or more CCPs

2. Configuration and control information for all lines
3. Processor context for each channel

4., DMA range and address for each channel.

The nature of the Processor makes CCPs inherently reentrant
so that one CCP can service a number of lines. The maximum
processing capacity of the Processor is over 30,000 characters
per second, using minimum loop CCPs. The existence of an upper
limit of capacity places practical limits on the configuration
and also affects the amount of off-loading that the Processor can
give the CPU.

Block mode access to NMLCP memory is expected to be used only
on a line that is operating with software originally written for
the MLCP.

The entire LCT, local store CCP, CCB store and bus processor
areas of the Processor.are accessible to the CPU via the RAM Data
Transfer operations. This type of access can be used regardless
of the mode (Compatibility/Extended) of the line that is used.
Note that CCP area locations 512 to 3583 and 4096 to 22143 are
the same physical locations whether accessed via Block mode or
RAM Data Transfer operations.
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The RAM memories that are accessed are shown in Figure 1-3.
Access to the CCB and bus processor RAMs is intended for T&V use

only.

RHU (512 BYTES)

LOCAL STORE

CCP AREA FOR
ALL LINES

LCTs 0-255
LINEO

LCTs 0-255
LINE 1

LCTs 0-255
LINE 15

LOCAL STORE RAM

Figure 1-3.

LCT RAM (4K)

CCB RAM (2K)

BUS PROCESSOR
RAM (2K)

CCB AND BUS PROCESSOR RAMs

4K
BYTES

NMLCP Memory Map (RAM Data Transfer Access)
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A block diagram of the Processor is shown in Figure 1-4, The

figure contains:

1. Bus service processor which executes I/0 commands issued
by the CPU and performs other operations on the DPS
6/Level 6 bus such as channel buffer to memory DMA.

2. Channel program processor which executes CCPs on behalf
of the data channels.

3. Random Access Memories (RAMs) for CCBs, LCTs, and
Scratchpad, shared by the bus and CCP processors.

4., Local Store (CCP RAM) which contains the CCPs for all
channels.

5. Personality PROM (located on the CA) which contains the
code that adapts MLCP compatible instructions to the

USARTS contained on the CA.

[~
——— BUS PROCESSOR - CCP RAM 16K
M =] CCBRAM 2K MULTIPLEXER | PERSONALITY
E PROM
G
A
B
U
S .
SCRATCHPAD FIRMWARE
'é' ™| MEMORY 2K
=
w
(0] —
R
K
M 4K
|| LCTRA ccp
PROCESSOR
1 = ADAPTER
Figure 1-4. NMLCP Block Diagram
\
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The NMLCP provides a Compatibility mode of operation so that
the existing CPU driver software written for the MLCP will
operate the NMLCP. CCP compatibility with the MLCP applies at
the object level; CCPs originally written for the MLCP in MLCP
CCP source language and processed through the MLCP macroprocessor
and the DPS 6/Level 6 assembler, produce an object code CCP which

can then be loaded and executed.

Certain practices in such

source programs may, however, cause compatibility problems; i.e.,
time-dependent programming, and use of undefined bits in MLCP
firmware working registers of the LCT.

Table 1-1 provides a summary of compatible characteristics of

the MLCP and NMLCP.

Table 1-1. Comparison of Characteristics
Component MLCP NMLCP
Random Access
Memory (RAM)
Dedicated to LCTs 512 4,096
Usable for CCPs 3,072 15,872
Dedicated to CCBs 512 2,048
Total Size 4,096 22,016

b
Registers/Indicators

12-bit P-register
8-bit R-register
E-indicator
V-indicator
LC-indicator
LB-indicator

16-bit P-register
8-bit R-register
E-indicator
V-indicator
LC-indicator
LB-indicator
8-bit B-register
AR-indicator
C-indicator
Z-indicator
SB-indicator

CCP Instruction Set

43 Instructions:

15 Branch
14 Double Operand
2 Input/Output
2 Send/Receive
10 Generic

140 Instructions:

22 Branch
91 Double Operand
6 Input/Output
2 Send/Receive
19 Generic

1-9
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Table 1-1 (Cont).

Comparison of Characteristics

Component

MLCP

NMLCP

Line Control
Tables (LCTs)

8 LCTs, each 64 bytes:

32 bytes for Receive
32 bytes for Trans-
mit

16 LCTs, each 256
bytes:

128 bytes for
Receive

128 bytes for
Transmit

Communications
Control Blocks
(CCBs)

64 CCBs, each 8 bytes:

4 CCBs per channel

256 CCBs, each 8

8 CCBs per
channel

Communications-Pacs,
Adpaters

Communications
Lines & Channels

From one to four with
2 lines each

From one to eight
with 1 receive/l
transmit each

From one to four
with 4 lines each

From one to sixteen
with 1 receive/1
transmit each

Line Speed

From 45 to 72,000 bps

From 45 to 100,000
bps

Flexible Line
Adapter
Packages (FLAPs)

From one to sixteen

‘All fiqures are in bytes.
See "NMLCP CCP Registers and Program Indicators" in Section 3

for functional descriptions.

Areas where the NMLCP differs from the MLCP to provide
improved functionality, which may cause a need for software

modification in some cases,

include the following:

l. The device ID and extended ID of the NMLCP differs from

the MLCP.

2., The Input Line Status order delivers eight bits of
information to the CPU; bits 0 through 7 are obtained
from the attached FLAP (register FR5).

3. The NMLCP will accept up to eight CCBs per channel as
compared to four CCBs per channel in the MLCP.
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4, The NMLCP will not permit DMA transfer to occur beyond
the boundaries of the data area defined in a CCB.

5. The upper two bits in instructions and I/O orders that
address the LCT are used for addressing; in the MLCP
these were ignored. In the NMLCP LCT 70, 71, 102, and
103 directly affect operation.

6. The NMLCP does not duplicate the functions of the
firmware work registers of the MLCP LCT in all cases.

7. The upper four bits in effective CCP RAM addresses are
used for addressing; in the MLCP these were ignored.

8. Execution times of CCP instructions and I/O orders differ
from that of the MLCP.

9. The "Clear to Send" signal from the modem is not directly
connected to the adapter logic. Thus there may be a
delay in the adapter becoming aware of a change to a low
state of this signal.

10. The RAM Data Transfer operation, described later in this
section, must be used to access the full CCP RAM of the
NMLCP.

11. The NMLCP provides specific fault indications for illegal
orders and instructions and for RAM parity errors and
interrupts the CPU when they occur (see Appendix A).

12, The Search for Synchronization instruction requires two
sync characters. A CRI will be generated on the third
character. Refer to Appendix A for details.

13. On the SYNC/ASYNC (NSAA) adapter, the first sync
character is swallowed by the hardware; all others are
passed on to the CCP. On the HDLC/SYNC (NBHSA) adapter,
the first two characters are swallowed before the CCP
receives any.

In most respects, the Processor may be treated as two MLCPs
with adjacent channel group addresses on the Megabus network;
however, the Hard Initialize I/0 order affects 16 lines instead
of 8., Furthermore, the memory map (Figqure 1-2) differs. Full
compatibility with existing software (both CPU and CCP) applies
only to synchronous/asynchronous operation. For HDLC operation
and Autocall, some modification of existing software will be
necessary.
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It should be noted that some of the new I/O and CCP
instructions and features can be used with the Compatibility mode
while others cannot. Details can be found in Section 3. The
mode (Compatibility/Extended) can be set up on a per-line basis;
all lines are initialized to the Compatibility mode. Any mix of
Compatibility and Extended mode lines can be used.

EW_F Y P

The NMLCP has a number of new features and concepts over and
above those of the MLCP. Among these are the use of lists for
processing of CCBs and an improved way of handling the queuing of
interrupts. Other new features are:

1. Larger LCT space per line (256 bytes/line)

2. Larger CCP memory (16K bytes)

3. Channel timers

4. Two-level CCP processing for each channel

5. Remote restart and bootload

6. Polling can be handled within CCP by using timers and
FIFOs

7. Load monitoring

8. A major expansion of the instruction set with about
three times as many instructions as the MLCP

9. Program fault detection
10, 16-line capacity

11. An executive channel that provides access to NMLCP memory
areas while data channels are operating.

12, Functionality to support PARS (CRC6)

13. Programmed stacks for data/parameter/subroutine nesting
l14. Arithmetic and shift instructions

15. Bit manipulation instructions

16. Improved channel priority scheme

17. Two interrupt level parameters per channel (A/B).

1-12 GA02-00
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c icati Control Bloch

Communications Control Blocks (CCBs) are used by the
Processor to define the Address, Range, Control, and Status for
each data transfer between the Processor and main memory.

The main memory program dynamically sets up the Address,
Range, and Control Field for a CCB by issuing an I/0 order. At
the completion of a data transfer, the CCB Status Field is
updated to reflect the final status of the CCB.

The data buffers in main memory to or from which the data
channels request DMA service are described by Communications
Control Blocks (CCBs).

Each CCB contains an address and range field that defines a
data buffer, and also includes other control and status
information related to the handling of the particular message.
This information permits a message, as transmitted over the line,
to be placed or obtained from more than one data buffer. A
detailed discription of CCBs is contained in Section 4.

Interrupt Handling

The scheme of handling interrupts in Extended mode is
designed to reduce the amount of level changing required by the
CPU. ,

e e

Each channel of the Processor maifitains a Deferred Interrupt

Count register in its LCT area (LCT 77/109).

Whenever an event occurs on a channel that requires an
interrupt to the CPU, an interrupt is attempted to the CPU
according to the contents of the appropriate Interrupt Control
register. If the interrupt is not accepted by the CPU, the
channel's Deferred Interrupt Count register is incremented. When
an interrupt is accepted by the CPU, the register is decremented
if non-zero. Deferred interrupts posted in the register will be
retried when the CPU sends a Resume Interrupt signal on the bus
(i.e., a level change). However, the CPU can alternatively read
each channel's Deferred Interrupt Count via a Read and Clear LCT
order (FC=0E) (see Section 2). Thus, by reading the register, the
CPU program can be made aware of the number of interrupts
outstanding on a channel without the necessity of fielding each
one separately via a level change and context switch.

In addition, to simplify the resolution of interrupts by CPU
software, the Processor provides for the use of two interrupt
levels by each channel. The prime level is designated as
Interrupt A and is used to report the completion of channel data
transfers on the communication line. The second level (Interrupt
B) is used to report various other occurrences such as Data Set
Scan events (see Appendix A), RAM Data Transfer completions (see
"RAM Data Transfer" subsection) the occurrence of illegal 1/0
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orders or illegal instructions, and software-generated interrupts
via the INTR instruction. For compatibility reasons, unless
Interrupt B is specifically set up on a channel, only one
interrupt level (Level A) will be used for all occurrences on the
channel; in this case occurrences such as Data Set Scan and INTR
instructions are reported in CCB status and not in Interrupt B
status.

The deferred interrupt count does not include an Interrupt B
which may have been deferred.

Executive Channel

The Processor provides Executive Channel firmware that is not
associated with a communication line. One of its functions is to
perform RAM Data Transfer orders for the CPU; this allows the CPU
to load CCPs into the Processor's Local Store (RAM) or to load or
dump LCTs without interfering with operation of the 16 lines.
Other executive firmware performs background chores such as data
set scan, timer update, and load monitoring.

An executive channel software aspect can also be created by
implementing the concept in software. Executive channel software
would exist as a set of routines that could be invoked by any
data channel via a Vectored Jump Mechanism. Since these jump
calls are intended to be performed at the channel's event service
level (see "Data Service and Event Service Levels" in this
section, Executive routines would run at lower priority than data
service. Through suitable software and programmed gates, the CPU
could cause any data channel to call into execution an Executive
routine on its event level of service.

RAM DATA TRANSFER

RAM Data Transfer can be used for dynamic loading or dumping
of the Local Store (CCP RAM) or the LCT RAM.

RAM Data Transfer operations require the execution of three
I/0 orders in a specific sequence. The first order to be issued
is the RAM Data Transfer IOLD (FC=29/2D). This order specifies:
(1) the main memory area into which or from which the transfer is
to be made, (2) the direction of transfer, and (3) which
Processor channel will signal completion of the transfer. The
second order to be issued is the Output RAM Control IO (FC=15);
this order specifies the starting address of an area in a
Processor RAM into which or from which the transfer is to occur.
The third order to be issued is the Output Processor Control IO
(FC=01); this order specifies which Processor RAM is to be
accessed (Bit 14 or 15 of control). The RAM Data Transfer starts
upon receipt of this third order.

1-14 GA02-00

DS

CEHOD R FEVH - QIS

VO ‘antaul

fAUOD FILE ISVE - dI¥ALS OIS

NIAYL

VO fANIAUL "dE0D T4 ISVE - NS O1LS

)




®

Ram Data Transfer is performed as a background function
during intervals when no data channel needs service. On
completion or termination of the operation, the RTT bit is set in
Interrupt status B (FC=06) of the channel to which the RAM
transfer IOLD (FC=29/2D) was issued. If any errors occur during
the operation, the operation is immediately terminated and the
error is flagged in Interrupt status B. An interrupt is sent on
completion or termination using Interrupt Register B.

CAUTION

The CPU software must not attempt to start or set up
a RAM Data Transfer while the Processor is still
performing a previously initiated RAM Data

Transfer. This will have unspecified effects on the
transfer being performed.

Data transfer in the Processor occurs in two directions
independently controlled for each channel with receive channels
putting data into main memory CDBs, and transmit channels taking
data out of main memory CDBs. The interface for receive and
transmit is basically the same and each is discussed below. It
is assumed here that a Start I/O was issued to initiate data
transfer, and that the CAs are enabled for receiving and
transmitting data.

BLOCK MODE READ/WRITE

Block mode access to the NMLCP random access memories has
been implemented for MLCP compatibility. Block mode access is a
logical access. The set of LCTs and CCBs that are visible depend
on the line number used for the order. Lines 0-7 obtain LCTs and
CCBs for lines 0-7. Lines 8-15 obtain LCTs and CCBs for lines
8-15. The same CCP area is accessed for all lines. The RAM
address determines what logical area will be accessed. An
address of 0-511 will access LCT RAM. An address of 3584-4095
will access CCB RAM (only the first four CCBs of each channel are
accessible). An address of 512-3583 and 4096-16383 will access
CCP RAM., CCP RAM locations 3584-4095 are not accessible via
Block mode address. The RAM data transfer operation must be used
to access the full CCP RAM.

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 interrupted 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.)
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DATA SET SCAN FIRMWARE

The Data Set Scan firmware will run after all channel data &W/

service needs are met. This firmware reads LR5 or FR5 of each
data channel and records it in one of the channel's LCT
locations. Further, if Data Set Scan is specified for that
channel, the firmware scans the specified bits, in status, for
any change from previous value, and takes the action specified in
LCT 8 if such change has occurred.

PROCESSOR LOAD MONITOR

The Executive channel maintains a 16-bit Load Monitor
register that provides an approximate indication of the current
amount of spare load capability (i.e., processing cycles) of the
Processor. The Load Monitor register is incremented by a
background firmware routine. This firmware runs once after each
completed round-robin scan of Event service. If there are no
demands on the Processor (no data CRI and no Event service
requests), a complete scan takes about 200 microseconds; as the
Processor becomes busier, this register is tallied less
frequently. The CPU may read this register at appropriate
intervals and compute an average load factor.

The Load Monitor register is read via the Input Load Monitor
order (FC=14).

VECTORED JUMP MECHANISM N
N

A mechanism can be programmed to provide a means whereby a
CCP can call for execution of a routine whose location in Local
Store (CCP RAM) is not known to the CCP. The mechanism assumes
that transfer vector(s) will be loaded into some preagreed
location(s) in the LCT of the channel. To perform the Vectored
Jump, the channel CCP executes a JSRV instruction; this causes a
jump via the transfer vector and saves a return point (next
instruction in the calling CCP) in the channel's stack.

The set of Executive routines can serve to gather various
statistics (retransmissions, overruns, etc.) for any channel
(perhaps keeping them in the Extended LCT where they can easily
be retrieved by the CPU). The data channel CCP thus will have
JSRV instructions embedded in its code at suitable points and,
depending upon the transfer vector loaded into the channel's LCT,
appropriate Executive routines (or a Null routine) can be invoked
when needed on a channel basis without affecting the data channel
CCP itself (which may be shared by many channels).

Return from an Executive routine is accomplished by the
RETJSR instruction.
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Generally, Executive routines should be invoked only from the
event level of a channel (see "Data Service and Event Service
Levels" subsection) since data service routines should be
self-contained for performance reasons.

S 1 Service Multiplexi

The general channel servicing scheme of the NMLCP is similar
to that used in the MLCP, wherein, when a channel requires
service of the controller (for example to store or fetch a
character), it sets a Channel Request Interrupt (CRI) condition.
The controller will, at some point, service this CRI by
commencing execution of the CCP associated with this channel.
Typically, the CCP will, after handling the character, relinquish
control by executing a WAIT instruction and the controller then
proceeds to choose another requesting channel to service next. A
priority scheme is implemented in the Processor to select which
channel to service next.

WAIT FUNCTIONALITY

The WAIT instruction is provided as the means by which a CCP
can relinquish control to another channel. If the CCP is
performing data service (via SEND and RECV instructions), the
channel will not relinquish control on a WAIT until further data
service is needed on that channel and the channel is the highest
priority channel needing service. (It is expected that channel
adapters may have built-in data FIFOs to ease service timing
constraints.) If the CCP is performing Event service, its WAIT
instruction will always relinquish control. When control is
relinquished, the channel's context is saved.

PAUSE FUNCTIONALITY

As a safegqguard against one channel monopolizing the
controller, due to execution of a CCP with a long string of
instructions, the NMLCP provides a hardware-enforced Pause
function compatible with that of the MLCP.

When the Pause function is invoked, the channel's context is
saved, its Pause count.in LCT 78/110 is incremented, and service
is granted to the currently highest priority outstanding service
request (the Paused channel itself is included in this
evaluation).

The RAM Data Transfer function of the Executive channel has a
built-in Pause which occurs after each byte transfer. These
pauses are not tallied.

The Processor Pause function allows up to 32 CCP instructions
to be executed by a channel before a Pause operation is forced on
the channel (see Note). If a channel attempts to execute more
than that number, the firmware will cause a pseudo-WAIT function
to occur, transparent to the CCP. As a result, higher priority
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lines will have a chance to gain service. Pause occurrences are
tallied in LCT 78/110. The Pause function can be disabled on
data service on a per channel basis via bit 7 of LCT 5/37. The
Pause function cannot be disabled for Event service.

NOTE

Under certain conditions a.forced Pause may be
initiated. Any line register instruction; i.e., IN,
OUT, will be paused with the execption of IN5 and
OUT2. The forced pause is also disabled by bit 7 of
LCT 5/37.

PRIORITY SCHEME

The Processor channel priority scheme is based partly on
channel number and partly on the reason for the channel request
for service. Requests for data service are given highest
priority. Within this group, service is granted on a round-robin
or fixed basis as between the attached adapters as specified in
the Processor control order (FC=0l1l). Adapters have an internal
priority for data service scheme between channels and can signal
their data service requests as being high or low priority. Next
priority is given to Executive channel firmware. Lowest priority
is given to servicing of events for all of the data channels (see
"Data Service and Event Service Levels" subsection below); within
this group, service is granted on a round-robin basis. The
scheme is shown in Figure 1-5., When the Processor is set up for
a fixed priority basis, it gives the group of adapter
high-priority data service requests a higher priority than the
group of adapter low-priority data service requests. Within each
group, priority is determined by the line number position of the
adapter (lowest line position is highest priority).

CHANNEL DATA SERVICE

ORDER OF
EXECUTIVE FIRMWARE DECREASING
PRIORITY

EVENT SERVICE

Figure 1-5, NMLCP Priority Scheme

It is envisioned that the Processor will normally be set up
for a fixed adapter priority basis.
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DATA SERVICE AND EVENT SERVICE LEVELS

Each data channel can execute on either of two priority
levels, depending on the reason for servicing it. The higher
level is used exclusively for data service while the lower level
is used for servicing various Events related to the channel such
as Timer Runout, Data Set Scan status change, Start I/0, and
various software-defined tasks such as message level functions.

If LCT 70 and 71 contain zeros (as for executing CCPs
originally developed for the MLCP), both levels for each channel
will use the same context save area (e.g., LCT 6,7 or 38,39 for
the P-counter).

If LCT 70 and 71 are non-zero each of the two levels for each
channel will have its own context save area (e.g., LCT 6,7 or
38,39 for data service P-counter and LCT 70,71 or 102,103 for
Event service P-counter); thus each channel can execute two
independent tasks concurrently. The event service CCP will
determine which type of event it is being called on to service by
reading LCT 75 or 107 and testing it. On completion of handling
of an event, the CCP routine must clear the particular bit(s) in
LCT 75 or 107; this must be done in one indivisible operation
using the Load Bit indicator and set False (LBF) instruction.
Note that CCP software must use the LBF instruction as the means
for setting a code into the Software Interrupt (SWI) field of LCT
75 or 107.

The CPU software may also invoke Event service to perform
such functions as channel status or channel statistic gathering.
This presupposes the existence of a CCP to perform these
functions being resident in the Processor.

By definition, an event service request is outstanding for a
channel whenever bits 2 through 7 of that channel's Activity
Flags (LCT 75 or 107) are non-zero.

Data Transfer

Data transfer in the Processor occurs in two directions
independently controlled for each channel with receive channels
putting data into main memory CDBs, and transmit channels taking
data out of main memory CDBs. The interface for receive and
transmit is basically the same, and each is discussed below. It
is assumed here that a Start I/O was issued to initiate data
transfer, and that the CAs are enabled for receiving and
transmitting data.
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RECEIVE

Incoming data from DCEs (usually bit serial) is converted by £
the configured USART of the CA into data elements of eight bits L
or less. Each time a data element is accumulated, the CA issues
a CRI to the Processor. This tells the Processor that the CA has
a data element accumulated for transfer to the R-register of the
Processor where the data element can be analyzed if that is
desirable.

When the Processor services a CRI, it must first load a CCP
pointer and the program indicators into the Processor (it does a
context restore for this channel). The Processor then, using the
CCP pointer as the next instruction location, executes that CCP
instruction on behalf of the channel. Since CCPs are loaded by
the user, the Processor channel is under complete user control at
this point.

Typically, the CCP will load the R-register with the
accumulated CA data element, analyze it, and then take some
specific action such as deleting it, converting it to some other
data pattern, adding the data element to the CRC residue, or
relinquishing it to the main memory.

Storing a data element into the Processor data buffer is

essentially a request to transfer the data to the proper CDB via

a CCB. The mechanics of this transfer is accomplished by

Processor hardware and is not visible to the CCP. .
While a CCP is executing, the entire contents of the LCT and N

the LRs may be read or written for that channel. When the

channel request interrupt has been serviced, the CCP relinquishes

control for the next Processor function by executing a WAIT

instruction.

Under control of the CCP, CCBs are fetched as needed to
accommodate the incoming data with CCBs being completed by range
exhaust or end-of-block indications in the data itself.

Error conditions that may occur are reported in CCB Status.
TRANSMIT

Transmit is a duplicate of the receive with the data flowing
out instead of in. Configured USARTs convert data elements of
eight bits or less into DCE-compatible data (usually bit
serial). Each time the CA requires another data element, the CA
issues a CRI to the Processor. This tells it that the CLA needs
a data element for transmission.

When the Processor services this CRI, it must first load the

CCP pointer and the program indicators into the Processor similar
to the receive case.
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Typically, the CCP will load the R-register with the next
data element. This data element is transferred from CDB in main
memory by a DMA operation.,

The CCP also has the option of loading the R-register with
CCP-generated data, and of extracting constants or data elements
out of the LCT configurat’ n data and LCT work area. In this
way, special data elements such as SYN, STX, ETX, HDLC address
and control bytes, can be inserted into the data stream by a CCP.

When the CCP has completed the operations for this CRI, the
CCP relinquishes control for the next Processor function by
executing a WAIT instruction.

The CA will accomplish the data transmission of any data
elements that it is given without any other Processor action.

Under control of the CCP, CCBs are fetched as needed to
supply outgoing data with CCBs being completed by range exhaust.

Error conditions that may occur are reported in CCB Status.
TEST MODE/DIRECT-CONNECT CLOCK

Synchronous channels generally use the clock supplied by the
DCE (modem). The Processor has an internal clock that is used
when a line is running in Internal Loop Test mode. Clock speed
is selected by switches on the Processor; one switch selects the
speed for lines 0 through 7 and the other for lines 8 through
15. Clock speeds that can be selected are:

0.8K bps 28.7K bps
1.2K bps 31.9K bps
1.75K bps 38.0K bps
2,15K bps 57 .8K bps
2.4K bps 76 .8K bps
4.8K bps 114.3K bps
9.6K bps 153.6K bps
19.2K bps 307.2K bps

The clock can also.be used in synchronous Direct-Connect
applications; this ability is invoked by setting the clock source
bit in the adapter's LR2. Note that, as indicated above, lines 0
through 7 can operate at some one speed and lines 8 through 15 at
another speed when in Direct-Connect mode.

NOTE

When directly connecting an NMLCP to an NMLCP in
synchronous applications (including HDLC) only one
end should source the clock. To ensure that this
occurs, the clock source bit (LR2, bit 4) should be
enabled for one end only.
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CCP_INSTRUCTIONS
Table 1-2 provides an alphabetical mnemonic list of the NMLCP

instruction set. The mnemonic in parenthesis is the hardware
equivalent mnemonic where it differs.

Table 1-2. CCP Instructions

Instruction Function

ADD Add R-Register with LCT

ADD (ADDB) Add B-Register with LCT

ADD (ADDRN) | Add R-Register with B-Referenced LCT
ADD (ADIR) Add R-Register with IMO

ADD (ADIB) Add B-Register with IMO

AND And R-Register with LCT

AND (ANDB) And B-Register with LCT

AND (ANDRN) | And R-Register with B-Referenced LCT
AND And R-Register with IMO

AND (ANIB) And B-Register with IMO

B Unconditional Branch

BS Branch to Subroutine

BARF Branch on Adapter Ready False

BART Branch on Adapter Ready True

BCF Branch on Carry False

BCT Branch on Carry True

BEF Branch on Equal False

BET Branch on Equal True

BLBF Branch on Last Block False

BLBT Branch on Last Block True

BLCF Branch on Last Character False

BLCT Branch on Last Character True

BSBF Branch on Most Significant Bit False
BSBT Branch on Most Significant Bit True
BSF Branch on Status False

BST Branch on Status True

BVBF Branch on Valid Block False

BVBT Branch on Valid Block True

BZF Branch on Zero False

BZT Branch on Zero True

C Compare R-Register with LCT

C (CB) Compare B-Register with LCT

C (CRN) Compare R-Register with B-Referenced LCT
C Compare R-Register with IMO

C (CBI) Compare B-Register with IMO

CADD Add R-Register with LCT Plus Carry
CADD (CADB) Add B-Register with LCT Plus Carry
CADD (CADRN) | Add R-Register with B-Referenced LCT Plus Carry
CADD (CADIR) | Add R-Register with IMO Plus Carry
CADD (CADIB) | Add B-Register with IMO Plus Carry

1-22 GA02-00

S
&

S

AN
N




Table 1-2 (Cont). CCP Instructions

Instruction Function

CBNB Cancel Block

CANC Cancel Character

CBC Calculate Block Check

CL (CLL) Clear Contents of LCT

CL (CLN) Clear Contents of B-Referenced LCT

CL (CLR) Clear Contents of R-Register

CB (CLB) Clear Contents of B-Register

DADD Decimal Add R-Register with LCT

DADD (DADI) Decimal Add R-Register with IMO

DEC Decrement Contents of R-Register

DEC (DECL) Decrement Contents of LCT

DEC (DECN) Decrement Contents of B-Referenced LCT

DEC (DECB) Decrement Contents of B-Register

DEC (DECX) Decrement Local Store Location (Extended)

DEQ (PULLF) | Dequeue

ENQ (PUSHF) | Enqueue

FIN Input FLAP Register

FOUT Output FLAP Register

GIVE Give a CCB back to CPU

GNB Get Next Block (CCB)

IAS Input Adapter Status to R-Register

ILP Initialize LCT Pointer

IN Input LR to R-Register

INC (INCL) Increment Contents of LCT

INC (INCN) Increment Contents of B-Referenced LCT

INC Increment Contents of R-Register

INC (INCB) Increment Contents of B-Register

INC (INCX) Increment Local Store Location (Extended)

INTR Interrupt CPU

INZ Initialize (All Channels)

Js (JSR) Jump to Subroutine via Displacement

Js (JSRV) Jump to Subroutine via Vector

JUMP Jump via Displacement

JUMP (JV) Jump via Vector

LB (LBL) Load Bit Indicator from LCT with IMO

LB (LBN) Load Bit Indicator from B-Referenced LCT with IMO

LB (LBR) Load Bit Indicator from R-Register with IMO

LB (LBB) Load Bit Indicator from B-Register with IMO

LB (LBX) Load Bit Indicator from Local Store with IMO

LBF (LBFL) Load Bit Indicator from LCT with IMO and Set False

LBF (LBFN) Load Bit Indicator from B-Referenced LCT with IMO
and Set False

LBF (LBFX) Load Bit Indicator from Local Store with IMO and
Set False

LBT (LBTL) Load Bit Indicator from LCT with IMO and Set True

LBT (LBTN) Load Bit Indicator from B-Referenced LCT with IMO

and Set True
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Table 1-2 (Cont). CCP Instructions

Instruction Function

LBT (LBTX) Load Bit Indicator from Local Store with IMO and
Set True

LD Load R-Register from Main Memory

LD Load R-Register from LCT

LD (LDB) Load B-Register from LCT

LD (LDRN) Load R-Register from B-Referenced LCT

LD Load R-Register with IMO

LD (LDRB) Load B-Register from R-Register

LD (LDIB) Load B-Register with IMO

LD (LDBR) Load R-Register from B-Register

LD (LDX) Load R-Register from Local Store (Extended)

MC Master Clear

NEG (NEGR) Negate R-Register

NOP No Operation

OAC Output Adapter Control

OR Or R-Register with LCT

OR (ORB) Or B-Register with LCT

OR (ORRN) Or R-Register with B-Referenced LCT

OR (OR) Or R-Register with IMO

OR (ORIB) Or B-Register with IMO

ouT Output LR from R-Register

PULL (POPB) Pull Value from Stack into B-Register

PULL (POPR) Pull Value from Stack into R-Register

PUSH (PUSHB) | Push Value from B-Register onto Stack

PUSH (PUSHR) | Push Value from R-Register onto Stack

RECV Receive Data

RETB (RET) Return from Branch Subroutine

RETJ (RETJSR)| Return from Jump Subroutine

RHB Return Held Block

SCF Set Carry False

SCL (SCLR) Shift Closed Left R-Register

SCL  (SCLB) Shift Closed Left B-Register

SCR (SCRR) Shift Closed Right R-Register

SCR (SCRB) Shift Closed Right B-Register

SCT Set Carry True

SEND Send Data

SFS Search for Synchronization

SOL (SOLR) Shift Open Left R-Register

SOL (SOLB) Shift Open Left B-Register

SOR (SORR) Shift Open Right R-Register

SOR (SORB) Shift Open Right B-Register

ST Store R-Register into Main Memory

ST Store R-Register into LCT

ST (STB) Store B-Register into LCT

ST (STRN) Store R-Register into B-Referenced LCT

ST (STX) Store R-Register into Local Store (Extended)

SUB Subtract R-Register with LCT
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Table 1-2 (Cont). CCP Instructions

(:, Instruction Function

SUB (SUBB) Subtract B-Register with LCT

SUB (SUBRN) | Subtract R-Register with B-Referenced LCT
SUB (SBIR) Subtract R-Register with IMO

SUB (SBIB) Subtract B-Register with IMO

TLU Table Look-Up

TQE (TSTFE) | Test Queue Empty

TQF (TSTFF) | Test Queue Full

WAIT Wait (Suspend Channel)

XOR Exclusive Or R-Register with LCT

XOR (XORB) Exclusive Or B-Register with LCT

XOR (XORN) Exclusive Or R-Register with B-Referenced LCT
XOR Exclusive Or R-Register with IMO

XOR (XRIB) Exclusive Or B-Register with IMO
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Section 2

PROGRAMMING
OVERVIEW

The New Multiline Communications Processor (NMLCP) is a
programable, interrupt driven, firmware controlled communications
controller. The controller's primary function is to transfer
data between DPS 6/Level 6 main memory and a number of
communication channels.

The CPU program, via input and output orders, defines, and
controls the operation of the controller.

The programmer of a communications controller has the
responsibility of creating three interactive components; the main
memory program, controller memory program, and the definition and
usage of Line Control Table work locations.

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
Processor.

1. Communications Control Blocks (CCBs)
2. Channel Control Program(s) (CCPs)
3. Line Control Tables (LCTs)

Before communications processing begins, the CCPs and LCTs
must be prepared and then transferred to the Processor by means
of a RAM Data Transfer or Block Mode Write. Loading methods are
described in Section 1 under "RAM Data Transfer" and "Block Mode
Read/Write." CCBs are dynamically supplied by the main memory
program during communications processing.
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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: :

l. It writes the user-defined CCP to the controller memory.
2. It sets up status and process control information.

3. It performs Processor and channel control functions such
as initialization and starting/stopping channel
operations when errors are detected.

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

5. 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
conditions for each CDB and reacting appropriately.

6. It monitors the status of the data sets and adapters and
takes appropriate action when certain changes take place.

c icati - 1 BI

For each channel, space exists in the upper Processor RAM for
a list of eight consecutive 8-byte CCBs. Each CCB is used to
store main memory address information that indicates the area to
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 eight CCBs dedicated to each channel

must be performed from the main memory program associated with
that channel. A detailed description appears in Section 4.
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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. At the discretion of the
programmer, the CCP can conduct more extensive checking and
editing functions that require more NMLCP processing time. If
the CCP is programmed to perform data character processing,
keyboard basic message delimiting, and block-checking functions,
this processing will be performed at the expense of the
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 permitting 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.

The following functions can be performed by a CCP:

1. Direct memory access to and from CPU memory

2. Processing of Communications Control Blocks (CCBs)

3. Error detection and handling

4, Parity and/or Cyclic Redundancy Check (CRC) generation
and verification

5. Recognition of special characters and message delimiters

6. Data set and Adapter/Communications-Pac control,
transfer, translation, editing, deletion, or addition of
data elements.

All CCPs concurrently resident in the Processor share 16K
bytes of RAM allocated for CCP usage.

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

For
one 256-
divided
receive
transmit
comprise
1.
2.
3.
4,
5.
6.
7.

8.

9.
10.
11.
12.
13.

Note that a CCP of either channel can access all 256 bytes of

its LCT.

The

each line, space exists in the lower Processor RAM for

byte Line Control Table (LCT). Each LCT is generally

between the channels, with 128 bytes allocated to the

channel of the line and 128 bytes allocated to the
channel. Each channel-related portion of an LCT

s the following elements:

Data set status monitor control

LCT status

Cycle Redundancy Residue

Channel interrupt level

Data Set Control

Stack and Queue pointers

CCP execution pointer

Work locations for tempory storage and special character
definition

Transmit/receive character configuration
Program-supplied input data

Programming work bytes

Programming information supplied by firmware

Bytes reserved for firmware use.

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 information related to the data set or adapter

as well

as to data transfer operations.
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A number of bytes are reserved for firmware use. During
Processor setup, these bytes may be overwritten with zeros.
During subsequent communications processing, these bytes must not
be modified by software.

P : Receivi Transmitting D

The following sequence of events provides a description of
one possible way to set up the Processor before communications
processing begins. Figure 2-1 describes this overall process,
while Figqure 2-2 indicates the general order of events as data is
received over a channel, and Figure 2-3 indicates the general
order of events as data is transmitted from a main memory
program.

Refer to Figure 2-1 and perform the following steps from the
main memory program:

1. 1Initialize the Processor and then use the RAM Data
Transfer method 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.) Refer to "RAM Data Transfer" in Section 1 for a
description.

CAUTION

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 addition, care should be taken when other
channels are active not to write into their active
LCT, CCB area.

NOTE

As an alternative, you can use a Block Mode Write
(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. (See "Block Mode Read/Write" in Section 1.)

2. Write the desired CCBs for initial communications data
transfers.
3. For each CCP, issue an appropriate IO instruction to

start the CCP, allowing it to load registers 6, 4, and 2
of the related adapter.
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MAIN
MEMORY
PROGRAM

MAIN MEMORY

ADAPTER
RECEIVE CHANNEL

LINE REGISTER 2

LINE REGISTER 4

LINE REGISTER 6

TRANSMIT CHANNEL

LINE REGISTER 2

LINE REGISTER 4

R-REGISTER
RAM
LOADER
LCT
AREA
LCT
INPUT DATA
ccp
CCcP " AREA
INPUT DATA
ccB
INPUT DATA 3 E\%‘EA

Figure 2-1.

ILINE REGISTER 6

Setting Up the NMLCP
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The sequence of events during a channel receive is depicted
in Figqure 2-2 and is listed as follows:

é(jx
o 1.

MAIN
MEMORY
PROGRAM

A data character received in a receive channel's line
register 1 causes the Communications-Pac/Adapter to
generate a CRI 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 pending
function.

MAIN MEMORY ADAPTER

RECEIVE CHANNEL

et LINE REGISTER 1 -43

R-REGISTER

RAM

CcDB

Figure 2-2, Receiving Data
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The sequence of events during a transmission of data is shown

in Figure 2-3 and is listed as follows: o

1. The adapter generates a CRI, signifying it can accept a e
data character for transmission.

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

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

4, 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.

5. The CCP assumes a wait mode.

6. The Processor starts processing the next pending

function.
MAIN MEMORY ADAPTER
TRANSMIT CHANNEL
R-REGISTER
—— LINE REGISTER 1 j —
-
-
RAM
MAIN CDB
MEMORY
PROGRAM
Figure 2-3. Transmitting Data @;;
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The following sequence of events provides a more detailed
N description of one way to perform Processor setup and subsequent
(j\ data communications operations.

INITIALIZING THE PROCESSOR; WRITING THE LCT AND CCP AREA

NOTE

Prior to this step, you may wish to have a main
memory program issue a separate IO (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.

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 appropriate 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 when communications processing begins.

Section 5 describes the program-visible LCT bytes and provides a
detailed layout of each LCT byte, including information about the
initial settings and subsequent modifiability of all bit
positions.

( NOTE

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
communications processing continues concurrently over
other channels.

The RAM Data Transfer method can be used to initialize the
entire Processor and to write a user-created block to the LCT
area and the CCP area of Processor RAM. Details regarding the
Transfer appear in Section 1 under "RAM Data Transfer."

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 following
instructions from the main memory program:

1. IOLD (Output CCB Address and Range)
2. IO (Output CCB Control - format 1).
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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.

LOADING ADAPTER LINE REGISTERS

The Line Registers (LRs) of each adapter are loaded next.
This action is performed by the appropriate CCP, and the main
memory program must issue an IO (Output Channel Control - start
input/output) instruction to start the CCP. Startup procedures
are unique to the individual line adapter. This loading is
accomplished by a separate OUT (Output) instruction for each LR
to be loaded.

LR6 (character configuration) is loaded from LCT byte 2 or
from LCT byte 34, LR6 is shared by both channels of one line.

LR4 (line speed or synchronization/transmit-fill character)
can be loaded from a byte in the programming work area of an
LCT. LR4 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 synchronous line adapters,
a synchronization character must be loaded into LR4 for the
receive channel. For the Processor, a transmit fill character
must be loaded into LR4 for the transmit channel. LR2 (data set
and adapter control) is loaded last from LCT byte 20. LR2 is
shared by both channels of one line.

Once LR2 is loaded, the adapter will be enabled to generate
CRIs if the transmit on bit of LR2 is set, according to the
configuration of the adapter and the data communications
equipment. The CCP should execute a WAIT instruction at this
point. In the CCP, the WAIT instruction is followed by a data
character processing loop, which usually terminates a branch back
to the WAIT., The CCP startup coding preceding the WAIT is
normally executed only the first time the CCP is started.

Other line registers or FLAP registers may be loaded as
appropriate.

RECEIVING DATA

A CRI from the adapter to the Processor indicates that an
input (receive) data character is available in a receive
channel's data register 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 instruction executed by this CCP; the CCP
uses a RECV (Receive) instruction to load the Processor's
R-register with the data character from the data register. The
CCP edits and manipulates the data character in the R-register as
required by the application. The CCP then transfers the data
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character from the R-register to the CDB by means of an ST
(Store) instruction. The CCP then branches back to the WAIT
instruction.

This is the basic CCP receive processing loop for each data
character of a communications 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.

TRANSMITTING DATA

The adapter issues a CRI 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 data
register of the adapter by means of a 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. 1In 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 manipulating
it as necessary) before issuing a SEND and a WAIT instruction.
Alternatively, 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 necessary) before issuing
the WAIT instruction. In this case, the data character will be
reloaded into the R-register during the context restore that
accompanies reactivation of the CCP, and the SEND can be done
immediately.

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 Last Character (LC) 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.
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In Transmit mode, termination of CDB processing normally
occurs when CCB range decreases to zero and the Last Character
(LC) indicator is set. In some cases, earlier termination may be A
necessary because of some other condition discovered by the CCP,. L
In any case, to continue transmission with another CDB and CCB,
the CCP must issue a GNB instruction.

END OF LOGICAL MESSAGE PROCESSING

As mentioned above, the relationship between physical CDBs
and logical communications messages is completely under
programmer control.

If a logical communications message uses only one CDB,
processing for that CDB is basically as described in the
subparagraph above; however, instead of the CCP routinely
proceeding from one CDB to another, 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 Last
Block (LB) indicator in the CCB control byte. The LB indicator
can be set by an IO (Output CCB Control) instruction from the
main memory program. In Receive mode, the last CDB can be
indicated by a control character in the incoming data stream.
Alternatively, the CCB valid indicator can be tested by the CCP
(refer to Appendix A).

END OF CHANNEL LINE USAGE

When processing relative to a channel or line is finished,
you can indicate this fact to the adapter by resetting to 0 the
receive on and/or the transmit on bit in LR2 of the adapter.

Subsequently, communications processing should be resumed
over the channel or line, by reloading LR2 (as a minimum) 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 appropriate adapter LRs from the new CCP.

The main memory program has the following responsibilities:

1. Control of the Processor by means of input/output
instructions issued to it

2. Control of Communications Data Blocks (CDBs)

3. Control of Communications Control Blocks (CCBs)

C
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4, Control of Channel Control Programs (CCPs)

‘Z j 5. Detection of errors and status changes related to data
- communications equipment and data terminal equipment.

(All terms related to CCBs are defined in Section 4.)
Main M P

The following is a list of I/O orders which are provided for
control of the Processor. An Illegal Function Code (IFC) will set
the IFC bit in Interrupt B status (FC=06), and a Stop I/0 is
performed on the channel.

Input Orders

I0 (FC=0E) Input CCB Control
IO (FC=0C) Input Range
IO (FC=18) Input Status
IO (FC=10) Input Configuration A
IO (FC=1C) Input Line Status
IO (FC=26) Input Device ID
IO (FC=08) Input Extended ID
8. IO (FC=04) Input Firmware Revision
9. 1I0 (FC=02) Input Interrupt Control A
10. IO (FC=06) Input Interrupt B Status
11. IO (FC=1lE) Input LCT Byte
== 12. 1I0 (FC=14) Input Load Monitor
( : 13. IO (FC=1lA) Input Next Status
o 14. IO (FC=12) Read and Clear LCT Byte
15. IO (FC=3E) Input from Analyzer

OQutput Orders

IO (FC=05) Output Channel Control

IO (FC-11l) Output Configuration A

IO (FC=0F) Output CCB Control

IO (FC=07) Output Interrupt Control B
IO (FC=03) Output Interrupt Control A
IO (FC=01) Output NMLCP Control

IO (FC=15) Output RAM Control

I0 (FC=13) OR to LCT Byte

IO (FC=0B) Output LCT Byte

10. IOLD (FC=09/0D) Load Data Area

11. IOLD (FC=29/2D) RAM Data Transfer

12, IO (FC=3D) Output to Analyzer

13. IO (FC=3F) Output to Analyzer

N W =
e o o o o o o

WoOoJOYUUT & WHN -
L] o o [ ] L] L] L] [ ]

The conditions under which the above orders receive ACK, NAK,
or WAIT response are given in a later subsection entitled, "WAIT
and NAK Responses."
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Table 2-1 provides a summary description of the input/output
instructions available to the main memory program for controlling
the Processor, and appear in alphabetical order. For detailed
I/0 descriptions see a later subsection entitled, "Detailed
Description of Main Memory Input/Output Instructions."

Table 2-1. Summary of Main Memory Program Input/Output
Instructions

Instruction

Function
Code

Description

IO

IO

IO

IO

IO

I0

IO

(Input CCB Control)

(Input CCB Range)

(Input CCB Status)

(Input Configuration A)

(Input Line Status)

(Input Device
Identification Number)

(Input Extended Device
Identification Number)

OE

0C

18

10

1C

26

08

Transfers the control byte
of the current status CCB
(addressed channel) to the
main memory program (ML).

Transfers the two range
bytes of the status CCB to
the main memory program
(ML) .

Transfers the two CCB
status bytes to the main
memory program (ML).

Transfers the contents of
configuration A (addressed
channel) to the main memory
program (ML).

Transfers the contents of
line adapter LR 5 for a
specified Processor channel
to the main memory program
(ML) .

Transfers the identifica-
tion number that indicates
the type of device associ-
ated with a specified
Processor channel to the
main memory program (ML).
The Processor response is
2978 .

Transfers the identifica-
tion number indicating the
type of adapter and- FLAP
associated with a specified
Processor channel to the
main memory program (ML).
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Table 2-1 (cont).

Summary of Main Memory Program
Input/Output Instructions

Instruction

Function
Code

Description

IO

I0

I0

I0

I0

IO

I0

(Input Firmware
Revision)

(Input Interrupt
Control A)

(Input Interrupt B
Status)

(Input LCT byte)

(Input Load Monitor)

(Input Next CCB Status)

(Read and Clear LCT
Byte)

04

02

06

1E

14

1a

12

Transfers the firmware
revision numbers of the Bus
and CCP processors to the
main memory program (ML).

Transfers the contents of
interrupt control A
(designated channel) to the
main memory program (ML).

Transfers the contents of
interrupt B status register
(addressed channel) to the
main memory program (ML),
and then clears the
channel.

Transfers the LCT byte
addressed by the contents
of LCT byte 55 (specified
processor channel) to the
main memory program (ML).
It must also be preloaded
by the Output LCT Byte
instruction.

Transfers the contents of
the processor load monitor
to the main memory program
(ML) .

Moves the CCB status
pointer to the following
CCB in the CCB list;
transfers the two status
bytes of that CCB (which is
now the status CCB) to the
main memory program (ML).

Uninterruptable operation
to read and clear the con-
tents of the LCT location,
which is indicated by the
contents of LCT 55
(addressed channel).

2-15

GA02-00




Table 2-1 (cont).

Summary of Main Memory Program
Input/Output Instructions

Instruction

Function
Code

Description

IO (Input from Analyzer)

IO (Output Channel
Control)

IO (Output Configuration
A)

IO (Output CCB Control)

3E

05

11

OF

Used to detect various
activities within the
Processor.

Causes the Processor to
perform one of the follow-
ing actions:

1. Channel initialization

2. Start or stop input/
output

3. Start "Block mode read"
or "Block mode write"

4, CCB list reset.

Transfers a 16-bit word to
the addressed channel,
defining the following
operating modes:

Compatibility
Extended

Restart Privilaged
Extended LCT Write
Permit

> w N -

L] L] . .

Format 1: Causes load
pointer to advance.
Transfers control
information from the main
memmory program (ML) to the
control byte of the current
CCB. Moves the load CCB
pointer to the following
CCB in the CCB list.

Format 2: Sets up CCB Con-
trol byte. Transfers the
starting Processor RAM
address for Block mode
input/output, to the
current CCB. Moves the
load CCB pointer to the
following CCB in the CCB
list.
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Table 2-1 (cont).

Summary of Main Memory Program
Input/Output Instructions

Instruction

Function
Code

Description

I0

I0

IO

I0

I0

IO

(Output Interrupt
Interrupt Control B

(Output Interrupt
Control

(Output NMLCP Control)

(Output RAM Control)

(OR to LCT byte)

(Output LCT Byte)

IOLD (Output CCB Address

and Range)

07

03

01

15

13

0B

09/0D

Format 3: Clears the two
status bytes of the new
CCB.

Transfers a 16-bit
control word to the
designated channel.

Transfers a 16-bit
Interrupt control word

to the designated processor
channel.

Causes the processor to
perform one of the
following actions:

1. NMLCP hard initialize

2. Set RAM transfer bits

3. Set priority scheme
of controller.

Transfers a 16-bit control
word to the Processor which
defines the starting
address in Processor RAM.
This also applies to the
next RAM data transfer.

Uninterruptable operation
which logically ORs the LCT
data byte given on the Bus
with the current contents
of the LCT location
(specified addressed
channel).

Transfers one byte from the
main memory program to a
specified byte in a
specified LCT.

Transfers the starting
address and range of a CDB
in main memory to the load
CCB.
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Table 2-1 (cont). Summary of Main Memory Program
Input/Output Instructions

Function
Instruction Code Description

IOLD (RAM Data Transfer) 29/2D Delivers address and range
to the Processor which is
used for loading/storing
RAM area information
to/from the main memory.

IO (Output to Analyzer) 3D Used to detect various
activities within the
Processor.,

IO (Output to Analyzer) 3F Used to detect various
activities within 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 after they have been used for communications
data transfers. Since communications data transfers to and from
main memory are controlled by a fixed number of CCBs, the main
memory program must know the completion status of CCBs in order
to coordinate its control of them. 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 4.

Control of C . . : 1 Blocl

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.
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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 RAM Data Transfer method or it can use one or more Block Mode
Writes for this purpose; both techniques are described in Section
1. 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
e e ot e e A e

The main memory program can detect and respond to errors and
status changes related to Data Communications Equipment (DCE) and
Data Terminal Equipment (DTE). Relevant information is available
in the two status bytes of a CCB and in LR5 of a line adapter.
All 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.)

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.

Another approach would be to use the foreground-background
functionality of the Processor (see subsection entitled "Data
Service and Event Service Levels" in Section 1). This is
accomplished by using the foreground level for character
processing and the background level for CDB (message) level error
control and recovery.

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 DCE
and DTE,
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Main M P
Instructions

The following subsections describe the input/output
instructions usable in a main memory operation 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 two of these input/output instructions are IO
instructions. (The two others are IOLD instructions.) The
format of these IO instructions is shown below.

I0 ML,CF

ML is an address expression identifying a memory location or
register to which or from which information is to be transferred.

CF is 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 0 through 5
contain the six bits of the fixed (switch-selectable) channel
number on the Processor on the Megabus network; 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 output 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 in a later
subsection entitled "IOLD (Load Data Area) Instruction.”

Input/output instructions to the Processor are generally
executed immediately without causing a NAK. However, you may
wish to code a BIOF (Branch if Input/Output Indicator False)
instruction after any input/output instruction which might be
NAKed (see Appendix A).
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IO (INPUT CCB CONTROL) INSTRUCTION

This instruction (function code OE) transfers, to ML, the CCB
control byte of the current CCB. If the GIVE instruction was
executed for this CCB, bits 3-7 will have been reloaded from the
LCT (see the subsection in Section 4 entitled "CCB Control
Field"). The Input Next Status order (FC=1lA) is used to advance
to the next CCB (see Section 4). The format of the word
transfered is shown below.

0 7 8 15

ML (RFU) CONTROL BYTE

IO (INPUT CCB RANGE) INSTRUCTION

This instruction (function code 0C) 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 7 8 15

ML CCBBYTE 4 CCBBYTE 3

MSB LSB

IO (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, 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.

ML CCBBYTE 7 CCB BYTE 6

STATUS BYTE 1 STATUS BYTE 2
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The CCB status bytes will contain invalid information if the

CCB has not yet been marked as completed. The contents of this P
word are shown below: L
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
C D S C R R D L D M N L M
N|]B|s|c]|es S F c B | s vy|lelsl]nr
Tl E S u u E s m| B
INT = CCP executed INTR instruction
CBI = CCB interrupt flag was set
DSE = Data Service Error (Underrun/Overrun)
SC = Status Complete (Compatibility mode GNB;
Extended mode GIVE)
CBS = CCB Service Error (Next Block fault)
DCE = Data Check Error (Parity/CRC)
LB = Last Block flag/residue range
DSS = Data Set Scan (Appendix A)
MY = Memory Yellow (CCB execution)
NEM = Nonexistent Memory (CCB execution)
L6B = Level 6 Bus parity (CCB execution)
MR = Memory Red (CCB execution)

CAUTION

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

IO (INPUT CONFIGURATION A) INSTRUCTION
This instruction (function code 10) transfers, to ML, the
contents of Configuration A register. The bit format of this
register is shown below:
Bit 0 - Extended Mode. - When this bit is one, the channel
operates in Extended mode. When this bit is Zero,
the channel operates in Compatibility mode.

Bits 1 and 2 - RFU
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Bit 3 - Restart Privileged - When this bit is One, a Master
Clear instruction is permited to be executed by the
channel.

Bit 4 - Extended LCT Write Permit

0 = Off
1 = On
Bits 5-15 - RFU

IO (INPUT LINE STATUS) INSTRUCTION

This instruction (function code 1C) causes a direct transfer,
to ML, of the contents of the FLAP FR5 for the Processor channel
specified in CF. The format of the word transferred to ML is
shown below:

0 7 8 15

ML FLAP REGISTER 5 (RFU)

The contents of FR5 vary according to the type of FLAP; refer
to the appropriate appendix.

IO (INPUT DEVICE IDENTIFICATION NUMBER) INSTRUCTION

This instruction (function code 26) transfers, to ML, the
Processor device identification number. The device
identification number for the Processor is (2978) .

I0 (INPUT EXTENDED IDENTIFICATION NUMBER) INSTRUCTION

This instruction (function code 08) transfers, to ML, the
identification number that indicates the type of adapter and FLAP
associated with a specified Processor channel. When this command
(Input Extended Identification Number) is issued, the Processor
will return the contents of LRO of the adapter, and FRO of the
FLAP as shown in a later subsection entitled "Device
Identification Number."
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The format of this instruction is shown below:

15

EXTENDED ID

(RFU)

The extended identification codes are listed below:

ID CODES
FC26  FEC08
NMLCP 2978
0100 HDLC/SYNC ADAPTER
ADAPTER 78XX SYNC
79XX SYNC
7TAXX ASYNC SYNC/ASYNC ADAPTER
7BXX ISOCH
48XX SYNC
49XX HDLC HDLC/SYNC ADAPTER
422DC ASYNC/DC ADAPTER

c

00
01
02
03
04
05
06
07
08

0A
0B

No FLAP
RS232

RFU

RS422
Current Loop
X.21

Auto Call
301/303
V.35

RFU
Mil-188-114
RFU

GA02-00
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IO (INPUT FIRMWARE REVISION) INSTRUCTION

This instruction (function code 04) transfers, to ML, the
firmware revision numbers for the Bus and CCP processors. The
format of the information transferred to ML is shown below:

0 7 8 15

BUS PROCESSOR FIRMWARE REVISION CCP PROCESSOR FIRMWARE REVISION

IO (INPUT INTERRUPT CONTROL A) INSTRUCTION

This instruction (function code 02) transfers, to ML, the
Interrupt Control A register contents for the addressed channel.
The format of the register contents is shown below:

0 9 10 15

RETURN CPU CHANNEL NUMBER INTERRUPT LEVEL

IO (INPUT INTERRUPT STATUS B) INSTRUCTION

This instruction (function code 06) transfers, to ML, the
status associated with an Interrupt B occurrence on the addressed
channel and then the status is cleared. The contents of the word
is shown below:

0 1 6 7 8 9 10 1 12 13 14 15
R
N (RFU) | ; 9 A v E 5 o
T C C P T S M B
INT = CCP Executed INTR Instruction (Section 3)
IIC = Illegal Instruction Code
IFC = Illegal Function Code
RAMP = RAM Parity error
RTT = RAM data Transfer Termination
DSS = Data Set Scan (Appendix A)
MY = Memory Yellow (RAM Data Transfer)
NEM = Nonexistent Memory (RAM Data Transfer)
L6B = Level 6 Bus parity (RAM Data Transfer)
MR = Memory Red (RAM Data Transfer)
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IO (INPUT LCT BYTE) INSTRUCTION

This instruction (function code lE) transfers, to ML, the LCT ™
byte addressed by the contents of LCT byte 55. The contents of L
LCT byte 55 is loaded by the Output LCT Byte instruction
(function code: 0B) or by a Block Mode Write instruction. Refer
to Section 5 for an additional definition of LCT byte 55. The
format of the instruction is shown below:

0 7 8 15

ML BYTE RHU

IO (INPUT LOAD MONITOR) INSTRUCTION

This instruction (function code 14) transfers, to ML, the
current contents of the processor load monitor. Refer to the
subsection entitled "Processor Load Monitor" in Section 1.

IO (INPUT NEXT CCB STATUS) INSTRUCTION

This instruction (function code 1lA) causes the CCB status
pointer to be moved to the following CCB in the CCB list for the
Processor channel specified in the CF. The two status bytes of
that CCB (which is now at the top of the CCB list) are then

transfered to ML. As shown below, the status byte from CCB byte oo
7 is transferred to the left byte of ML and the status byte from N
CCB byte 6 is transfered to the right byte for ML,
0 7 8 15
ML CCBBYTE 7 CCBBYTE 6
STATUS BYTE 1 STATUS BYTE 2

The CCB status bytes should be considered to contain invalid
information if the CCB has not yet been marked as completed
(i.e., Status complete bit is One). If the Status complete bit
is Zero, then only the Input CCB Status instruction should be
used if waiting for completion. If an IO (Input Next CCB Status)
information 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 reuse. (;x
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Note that the IO (Input Next CCB Status) instruction must be
used the first time status is obtained from a CCB list. The use
of the instruction moves the CCB status 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.

IO (READ AND CLEAR LCT BYTE) INSTRUCTION

This instruction (function code 12) causes the Processor, in
a single uninterruptable operation, to read and clear the byte
contents of the LCT location. The LCT location of the addressed
channel is indicated by the current contents of LCT 55. The
instruction is in the following format:

0 7 8 15

BYTE (MBZ)

This instruction is used so the CPU can retrieve flag bits,
on a race-free basis, from an LCT location used for
communications from a CCP.

IO (INPUT FROM ANALYZER) INSTRUCTION

This instruction (function code 3E) is used to record various
activities within the Processor.

IO (OUTPUT CHANNEL CONTROL) INSTRUCTION

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

The operations achieved by the bits of the control word (if
set to One) are summarized below:

Bit 0 - Channel Initialize

Bit 1 - Start Input/Output

Bit 2 - Stop Input/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 One. A

s
Bit 0 - Channel Initialize

1. Resets to Zero LR2 of the adapter.
2. Halts execution of CCP,
3. Stops all activity for this channel.

4, Resets to Zero the entire LCT area for the line
associated with this channel.

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

Bit 1 - Start Input/Output

1. Starts input/output. Start I/0 causes the CCP to
begin execution. The starting address of the CCP is
contained in LCT bytes 6/7 or 70/71 for receive, and
LCT bytes 38/39 or 102/103 for transmit (see "Data
Service and Event Service Levels" in Section 1l). The
main memory program must have previously set these
locations to the CCP starting address at least once
during the program. .
2, Starts execution of the CCP., If the CCP is already \W/
running and a Start I1/0 is issued, a loss of data
characters may result.

Bit 2 - Stop Input/Output
l. Resets to Zero Receive On (bit 6) or Transmit On (bit
7) in LR2 of the adapter. This action prevents
subsequent data-generated CRIs. .

2. Resets to Zero Receive On (bit 6) or Transmit On (bit
7) in the LCT byte 20 copy of LR2.

3. Halts execution of CCP.

4, 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.

5. Terminates active CCB (with meaningful status
information) and stops CCB list processing.

6. Inhibits interrupts to the main memory program (but
does not change channel's interrupt level). (j
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7. Stops all activity for this channel.
Bit 3 - Reserved
Bit 4 - Start Block Mode Read

1. Used to read anv portion of the Processor RAM. A
receive (even-numbered) channel must be designated in
CF when this operation is performed. Block Mode Reads

should not be used on channels operating in Extended
mode.

2. 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

l. Used to write a block of consecutive RAM locations.
It is a convenient way to write the LCT area and the
CCP area of the addressed Processor channel. Block
Mode Writes should not be used on channels operating
in Extended mode.

CAUTION

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 (see Section

5)« 1In addition, care should be taken when other
channels are active not to write into their active
LCT, CCB area.

2. 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 firmware during
the course of this operation. Also, any firmware-
reserved LCT bytes written into during a Block Mode
Write must be written with Zeros.
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3. 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 program 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

1. Resets the channel's CCB pointers to their initialized
state (i.e., the CCB status pointer is set to point to
CCB Zero of the CCB list and the load CCB pointer and
active CCB pointer are set to point to CCB One of the
CCB list).

2. Resets the control byte of each of the eight CCBs of
the channel. This action resets the valid bits.

IO (OUTPUT CONFIGURATION A) INSTRUCTION

This instruction (function code 11) transfers a l16-bit word
to the addressed channel to define the operating mode of the
line., Initialization (see subsection in Section 3 entitled "Op
Code Map") sets these mode bits to an OFF condition.

Bit 0 - Extended Mode. - When this bit is One, the channel
operates in Extended mode. When this bit is Zero,
the channel operates in Compatibility mode.

Bits 1 and 2 - RFU

Bit 3 - Restart Privileged - When this bit is One, a Master
Clear instruction is permitted to be executed by the
channel.

Bit 4 - Extended LCT Write Permit

0 = Off
l] = On
Bits 5-15 - RFU

2-30 GA02-00

R




IO (OUTPUT CCB CONTROL) INSTRUCTION

(:“ This instruction (function code 0OF) 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, resetting 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.

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 7 8 15
ML (MBZ) CONTROL BYTE
(ﬁ% The bits in the control byte have the following significance:
Bit 0 - 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 1 - 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).

1l - This CCB is valid (i.e., usable as an active CCB).

This bit must be set to One to complete setup of the
CCB.
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Bit 2 - last CDB

0 - No action. A x

1 - This CCB pertains to the last CDB in a message. If
this bit is set to One, 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 (Last Block)
indicator will be set to One when this CCB is active.

Bits 3 through 7 - RSU

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

0 3 4 15

ML (MBZ) 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.

IO (OUTPUT INTERRUPT CONTROL B) INSTRUCTION P

This instruction (function code 07) transfers a 16-bit e
interrupt control word to the designated data channel in the
format shown below:

0 9 10 15

RETURN CHANNEL NUMBER INTERRUPT LEVEL

Both of these fields are stored in a firmware register for
the appropriate data channel for reference when generating an
interrupt for one or more of the events reported in Interrupt B
status. When this interrupt level field is all zeros, the
contents of Interrupt Control A register are used instead, and
Data Set Scan and INTR instruction occurrences are reported
through CCB status.
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IO (OUTPUT INTERRUPT CONTROL A) 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:

Y 9 15

ML CENTRAL PROCESSOR INTERRUPT
CHANNEL NUMBER LEVEL

IO (OUTPUT NMLCP CONTROL) INSTRUCTION

This instruction (function code 01) transfers, from ML, a
16-bit control word to the Processor. 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:

0 1 7 8 9 10 1 13 14 15
ML (MBZ) E (MBZ) ; (MBZ) RAM
Bit 0 If set to One, NMLCP Hard Initialize
Bits 1-7, 9, 11-13 MBZ (Must Be Zero)
Bit 8 Priority Scheme (0=fixed, l=round

robin) is discussed in Section 1

Bit 10 If set to One, set Priority Scheme as
specified in bit 8.

Bits 14, 15 RAM Transfer Map (see subsection
entitled "RAM Data Transfer" in
Section 1

00 = Null

01 = Local Store

10 = LCT RAM

11 = CCB and Bus Processor RAM
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If I is set to One, Processor initialization will be
performed; otherwise no action is taken. 1Initialization
comprises the following actions:

1.
2.

7.

The Processor executes its basic test.

Each LR2 of each adapter is reset to Zero; CRIs are thus
inhibited.

All of RAM is reset to Zero,

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

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

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

Clears the adapters.

Hard initialize causes the actions described below. It
requires hundreds of milliseconds to accomplish and is intended
to be used only at startup or by T&V software.

IO (OUTPUT RAM CONTROL) INSTRUCTION

This instruction (function code 15) transfers a l6-bit
control word to the Processor, which defines the starting address
in a Processor RAM, This is to be applied on the next RAM Data
Transfer operation (see Section 1).

IO (OR TO LCT BYTE) INSTRUCTION

This instruction (function code 13) causes the Processor, in
a single uninterruptible operation, to logically OR the LCT data
byte given on the bus into the current contents of the specified
LCT location of the addressed channel. The format on the bus is
as follows:
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LCT DATA BYTE LCT RELATIVE ADDRESS

LCT Data Byte is an 8-bit byte to be logically ORed into
the specified LCT location

LCT Relative Address specifies which LCT location of the
addressed channel is to be operated upon.

This order is used so the CPU may set flag bits, on a
race-free basis, into an LCT location for communication with a
CCP; the CCP may access these flag bits via LBFL instructions.

IO (OUTPUT LCT BYTE) INSTRUCTION

This instruction (function code 0B) transfers, from ML, a
byte of information to a specific LCT byte address. Bits 0
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
(f\ bits 0 through 8 of CF.)

The format of ML is shown below:

0 7 8 15

DATA LCT RELATIVE
ML LCT DAT ADDRESS

LCT Data Byte indicates an 8-bit value to be transferred
to the LCT address indicated in bits 8 through 15.

LCT Relative Address is relative to byte 0 of the LCT for
the line indicated by bits 0 through 8 of CF. The eight
bits of the LCT address permit any of the 256 LCT bytes to
be designated.

IOLD (LOAD DATA AREA) INSTRUCTION

This instruction (function code 09/0D) transfers, from the
address and range (see format below) the starting address and
range of a CCB. The starting address is the starting byte
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.
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This is an IOLD instruction, the format of which is shown
below.

IOLD address,CF,range

Address is an address expression identifying a memory
location or register (the latter for use of the indirect
addressing technique) that indicates the starting byte address of
the CCB in main memory.

CF is 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 is 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 65535,

The starting address of the CDB is stored in bytes 0, 1, and
2 of the load CCB. The LSBs of the address are stored in byte
0. The range for the CDB is stored in bytes 3 and 4 of the load
CCB. The LSBs of the range are stored in byte 3.

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.

IOLD (RAM DATA TRANSFER) INSTRUCTION

This instruction (function code 29/2D) delivers address and
range information to the Processor that is used for
loading/storing of RAM area information from/to main memory (see
"RAM Data Transfer" in Section 1).

If the order is addressed to an even-numbered channel,
Executive channel firmware will store RAM area information into
memory.

If the order is addressed to an odd-numbered channel, Exec-
utive channel firmware will load RAM area information from
memory. The data address and range must both be wordbound.

If an error occurs during a RAM Data Transfer operation, the
operation is terminated and the type error is set into Interrupt
B Status (FC=06).

IO (OUTPUT TO ANALYZER) INSTRUCTION

This instruction (function code 3D) is used to control
various activities within the Processor.
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IO (OUTPUT TO ANALYZER) INSTRUCTION

This instruction (function code 3F) is used to control
various activities within the Processor.

AIT NA

The Processor will issue a NAK response to an I/0 order
(except a Hard Initialize) in the following situations:

1. An initialize is in progress (but not yet complete)

2. In response to a Data Area IOLD (FC=09/0D) or Input Next
Status IO (FC=1lA) if the pointers cannot advance without
causing an error (Section 3).

Normally the Processor will respond to a legal I/0 order with
an ACK response. If an order arrives before the Processor has
completed the preceding one (except for initialize as noted
above), a WAIT response will be given.

Note that while an Initialize is in progress, all orders are
NAKed.

CHANNEL_NUMBERS

The Processor uses a set of 32 channel numbers. The channel
group is switch settable on the Processor and constitute the
high-order five bits of the Processor channel number. The
low-order five bits of the channel number are usually used to
specify one of the 32 data channels. Channel number assignments
are given in Table 2-2.

The Executive channel has no channel number as such; orders
that are addressed to it are defined by function code.

Table 2-2. Channel Number Assignments (Decimal)

Channel Number Line Number Transmit/Receive
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A ENT A NUMB

The Basic Device Identification Number (see IO Function Code
26) of the Processor is (2978), .

The Extended Device Identification Number (see IO function
code 08) of the Processor is (Nnnn ) where N N where N N
is provided by the attached adapter and N N is provided by the
FLAP attached to the adapter. If there is no adapter on the
channel, N N =(00),, . If the channel can only be used for
parallel output to a FLAP (e.g., an ACU FLAP), N N =(01), . If
the adapter firmware is inoperable, the highest order bit of N
will be a One.

E TS _TO T E YSTEM

The Processor will generate interrupts to the Central
Processor in accordance with the mode (Compatability/Extended) of
the Processor and subject to the interrupt level specifications
maintained in the interrupt level registers. of the channel (see
IO function code 03 and 07).

When a condition requiring an interrupt occurs, the Processor
will address the CPU with an interrupt format bus transfer. 1In
accordance with the operation of the Level 6 interrupt structure,
the interrupt may be accepted (ACK) or rejected (NAK) by the
CPU. If the interrupt is accepted, the function is complete; if
rejected, the Processor will increment its deferred interrupt
queue and will retry the interrupt when the CPU issues a RINT
(retry interrupts) signal on the Megabus network. The handling
of the deferred interrupt queue is entirely a background firmware
function of the Processor. The deferred interrupt queue is
decremented when the interrupt is accepted.

The conditions that may cause an interrupt to be generated by
the Processor are:

1. Block Read/Write completion

2. A data set status change is detected by firmware (see
"Executive Channel" in Section 1) and the channel command
byte (LCT8/40) specifies interrupt as the action to be
taken.

3. Execution of an INTR instruction by a CCP.

4, In Compatibility mode, completion of a CCB occurs (GNB)
and the Interrupt bit of the CCB control byte (see
"Setting Up a CCB" in Section 4) is set.

5. In Extended mode, execution of a GIVE on a CCB in which
the interrupt was set.
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6. Via Interrupt B, completion of a RAM data transfer or
occurrence of an illegal I/O order or illegal CCP
instruction, or a RAM parity error in the Processor.

TIMERS

A timer is provided for each data channel. The timers are
countdown interval timers that are decremented by firmware at 40
counts per second. The value in the timer is an 8-bit unsigned
integer, providing a maximum interval of about 6 seconds. When a
timer decrements from (01),, to (00),, a CRI and timer Activity
Flag are set for the channel. If a timer contains (00),, , it is
not decremented. A Stop I/O sets the timer to (00),, . The timer
is started by loading a non-zero value into LCT 74/106.

ESTART E NLIN P

A priviledged instruction, MC, is provided by which Processor
software can cause a Master Clear of the system. The instruction
causes the Processor to pull the BSMCLR line on the Level 6 bus
to a true state for at least 250 microseconds. This causes all
units on the bus to initialize and run their QLTs.

The Restart, Downline Load, and Downline Dump functions are
provided by software as described in the following paragraph.

The system would need to have some kind of local bootload
source for cold start of the system (e.g., diskette, main memory
PROM, or host system coupler). This source would be used to get
the system underway after power-up and would result in the
loading of suitable programs and CCBs into the Processor and CPU
to support the Restart and Downline functions desired. One or
more lines of the Processor could be assigned to the Restart and
Downline function when these are to be supported. The line(s)
would probably be connected to the switched network or to a
(Local) System Control Facility (SCF). The receive channel CCP
would provide for automatic answer of the line and
password-command checking. Among the commands to be implemented
would be: Restart with bootload device, Downline Load and
Execute, and Downline Dump of Memory. A channel timer could be
assigned by software to be a local dead-man timer which, through
the CCP, would initiate a RESTART if the CPU fails to perform
some defined operation on the channel within the timeout period.
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Section 3

CHANNEL CONTROL
PROGRAM
INSTRUCTION SET

A Channel Control Program (CCP) is 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 character 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 CCBs, the line interface (adapter or
Communications-Pac), and Data Communications Equipment (DCE).

INITIAL CCP SETUP

A CCP is written in CCP source assembly language and
processed through the macro preprocessor and DPS 6/Level 6
assembler. This produces an object code CCP which is linked and
then loaded into the Processor local store RAM for execution.

All data stored in Processor memory is based on 8-bit memory
bytes. The format of each byte is designed from left to right,
with the first bit numbered zero and the last seven. The right-
most Bit (i.e., bit 7) is the least significant bit. All data is
unsigned integer bytes.
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Every CCP in the Processor must reside in consecutive
locations of the CCP area of RAM. 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
multiple channels. The channel-specific LCT and CCB storage
areas permit CCPs to be reentrant and therefore able to service
more than one channel.

A CCP is stored in the Processor RAM by a main memory
program's use of a RAM Data Transfer or Block Mode Write
operation (Section 1). 1In 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.

TART A P

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 IO (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; line register 2 must be loaded last. The

startup procedure is adap<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>