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PROPRIETARY MATERIAL

Information and descriptions contained herein are the property of Codex Corporation.
Such information and descriptions may not be copied or reproduced by any means,
or disseminated or distributed without the express prior written permission of Codex
Corporation, Mansfield, Massachusetts 02048.

This document is for information purposes only and is subject to change without
notice.

PREFACE

This manual is directed to Codex overseas distributors, to Codex personnel, and to
end users who will maintain their own systems.

It describes the 6030/6040 series INP's and tells how they process data. It gives
diagnostics for detecting and identifying system failures and pinpointing the boards
that are the cause of the failures, so that they may be replaced. In addition to on-site
installation, the manual also identifies the causes of applications-oriented problems
and recommends some corrective steps.

Appendixes contain collateral and reference material.

WARNING

This equipment generates, uses, and can radiate radio
frequency energy and if not installed and used in
accordance with the instruction manual, may cause in-
terference to radio communications. As temporarily
permitted by regulation, it has not been tested for com-
pliance with the limits for Class A computing devices
pursuant to Subpart J of Part IS of FCC Rules, which
are designed to provide reasonable protection against
such interference. Operation of this equipment in a
residential area is likely to cause interference in which
case the user, at his own expense, will be required to
take whatever measures may be required to correct
the interference.
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Figure 1-1.

Codex Intelligent Network Processor




CHAPTER 1
INTRODUCTION

1.1 OVERVIEW OF THE INP

The 6030/6040 Intelligent Network Processor (INmeA shown in Figure 1-1, is a
multi-microprocessor communications network controller. Essentially, the INP is a
transparent communications system which can provide a point-to-point connection
between any two ports on a two-node or multinode network. It makes use of statisti-
cal multiplexing and data compression to provide high bandwidth utilization on the
network links. It guarantees error-free data between nodes by using a go-back-n

ARQ scheme.
The INP also provides many other features, including:

Autospeed recognition

Statistics on network operation

Real-time monitoring of critical functions and parameters

Network control from either a control panel or a control terminal port

Data compression

Offline diagnostics of hardware functions

Tables 1-1 and 1-2 list the main features of all models of the 6030 and 6040 INP's.
The options available with the 6030/6040 INP's are listed in Appendix B.

In its minimal (6030) configuration, an INP operates as a point-to-point sys-
tem. This configuration is shown in general form in Figure 1-2. At each node the
6030 appears as a data communication equipment (DCE). Thus configured, the INP will

pass both data and control signals transparently.

Data is received from the local terminals, processed within the node, and
assembled into a message frame which is transmitted via the link to the adjacent
node. This node receives the frame, disassembles it, verifies error-free transmis-

sion, and outputs the data to the destination terminal ports or CPU.

In a multinode (6040) version shown in Figure 1-3, some of the data from the
frame may be processed and reassembled into another frame at an intermediate node for

retransmission to a third node via a different network link.

1-1
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TABLE 1-1. FEATURES OF 6030 SERIES INP's

Model

Feature

6030

6031

6032

6033

6034

Basic 6000 Intelligent Network Processor, tabletop enclosure with inte-
gral port nest. Includes buffer RAM and one nonvolatile configuration
memory module for up to 28 ports (14 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with one port
nest. Includes buffer RAM and one nonvolatile configuration memory
module for up to 28 ports (14 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with two port
nests. Includes buffer RAM and two nonvolatile configuration memory
modules for up to 60 ports (30 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with three
port nests. Includes buffer RAM and three nonvolatile configuration
memory modules for up to 92 ports (46 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with four port
nests. Includes buffer RAM and four nonvolatile configuration memory
modules for up to 124 ports (62 port modules).

TABLE 1-2. FEATURES OF 6040 SERIES INP's

Model

Feature

6040

6041

6042

6043

6044

6045

Basic 6000 Intelligent Network Processor, tabletop enclosure with inte-
gral port nest. Includes buffer RAM and nonvolatile configuration mem-
ory for up to 24 ports (12 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with one port
nest. Includes buffer RAM and nonvolatile configuration memory for up
to 24 ports (12 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with two port
nests. Includes buffer RAM and nonvolatile configuration memory for up
to 56 ports (28 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with three
port nests. Includes buffer RAM and nonvolatile configuration memory
for up to 88 ports (44 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with four port
nests. Includes buffer RAM and nonvolatile configuration memory for up
to 120 ports (60 port modules).

Basic 6000 Intelligent Network Processor, rack-mountable with five port
nests. Includes buffer RAM and nonvolatile configuration memory for up
to 152 ports (76 port modules).

1-4




TABLE 1-2. FEATURES OF 6040 SERIES INP's (Cont)

Model Feature

6046 Basic 6000 Intelligent Network Processor, rack-mountable with six port
nests. Includes buffer RAM and nonvolatile configuration memory for up
to 184 ports (92 port modules).

6047 Basic 6000 Intelligent Network Processor, rack-mountable with seven
port nests. Includes buffer RAM and nonvolatile configuration memory
for up to 216 ports (108 port modules).

6048 Basic 6000 Intelligent Network Processor, rack-mountable with eight
port nests. Includes buffer RAM and nonvolatile configuration memory
for up to 248 ports (124 port modules).

The logical communication paths between terminals and the communications control
unit of a CPU constitutes the network topology. This topology is stored independ-
ently at each node, in a nonvolatile configuration memory (CMEM). The topology is
defined by programming (loading) the memory via an operator's console or a control

terminal port (CTP).

Like a TDM, the INP provides user transparency: that is, the remote terminal
and the central processor unit (CPU) of the host computer communicate with each
other 'directly,'" just as though INP's were not present. End-to-end delay is mini-
mal. Use of a 6030 or 6040 INP does not require modifying either hardware or soft-

ware of the user's existing system.

What distinguishes the INP from a conventional TDM is its ability to provide
higher throughput efficiency and error-free data transmission. The primary method
used to achieve high throughput efficiency is statistical multiplexing. A typical
TDM allocates a fixed portion of the high speed link's time to each port. If there
is no data for this port to send, its portion of the time is unused. In contrast,
the INP allocates the time dynamically. If a particular port has no data to trans-
mit, a short place-holding character is sent for it and its unused time is assigned

to the next port that does have data.

A second method that achieves throughput efficiency is data compression. To
minimize the number of bits to be transmitted over a data link, the data is com-

pressed by use of variable-length codes for characters and by bit-stripping.
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Variable-length coding offers a significant improvement in compression. Short
codes are used to represent frequently-used characters such as e, t, and space, and
longer codes for the less frequent characters such as z and @. If a code of uniform
length (8 bits, for example) is used for all characters, compression is not achieved.
But the substitution of variable-length codes results in a saving of roughly 30 per-
cent in the bit count. Even though the maximum number of bits in a code may be 14,
the average is still only 6 bits. This method of data compression was developed in
1952 by D.A. Huffman. The Huffman method for constructing a code is described
in simple form in Chapter 4.

Bit-stripping is the method commonly used by multiplexers. It consists of
removing overhead information: start, stop, and parity bits from asynchronous data,
and the idle and filler bits from BSC data.

Code conversion is also possible as a result of the data compression. Since
the data must be converted back from its variable length code set to a fixed-length
character code, the conversion may be performed simply by providing a table to be

used for decoding into the new character set. Chapter 4 shows standard codes.

1.2 SPECIFICATIONS AND PHYSICAL CHARACTERISTICS

1.2.1 PERFORMANCE SPECIFICATIONS

The overall efficiency provided by the INP is dependent upon its specific
application. The improvement in throughput offered by statistical multiplexing typi-
cally ranges from a factor of 2 to 4 over TDM efficiencies. Data compression will

offer an additional improvement in throughput in the range of a factor of 1.2 to 1.5.

Since the 6000 node-to-node protocol utilizes variable-length frames, the node-
to-node delay introduced by the 6000 will vary. For most applications it will be in
the 35-50 ms range.

1.2.1.1 CLOCK ACCURACY. A 6030 or 6040:

a. Accepts clocks accurate to %.10%.

b. Provides clocks accurate to ¥.05%.

1-6



1.2.2 PHYSICAL SPECIFICATIONS

a.

Environmental

Temperature: 0-50°C (32-122°F).
Relative Humidity: 0-95% (without condensation).
Altitude: 0-10,000 ft. (0-3 km).

Power Requirements

115/230 Vac *10%.
47 to 63 Hz.

Terminal and Network Port Connectors

Port

Cannon or Cinch DB-19604-43 or equivalent (25-pin).

Nest Space Availability and Allocation

First nest - 12 or 14 card slots.
Second through eighth nest - 16 card slots each.

One terminal port module provides interfaces for two terminals and
occupies one card slot. Any of three types of terminal ports may be
used.

One 6140 Network Port Module provides an additional trunk and occupies
two card slots.

1.2.3 6030 DIMENSIONS AND WEIGHTS

6030

6031

6032

6033

6034

Width Height Length Weight
19" A 26" 50 1bs
48 cm 18 cm 66 cm 23 kg
19" 19"* 19" 50 1bs
48 cm 48 cm 48 cm 23 kg
19" 30" 25" 68 1bs
48 cm 76 cm 64 cm 31 kg
19" 41'* 25" 76 1bs
48 cm 104 cm 64 cm 35 kg
19" 521 25" 94 1bs
48 cm 132 cm 64 cm 43 kg

*Overall vertical mounting space required.
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1.2.4 6040 DIMENSIONS AND WEIGHTS

1.2.5 6030 POWER CONSUMPTION

1.2.6 6040 POWER CONSUMPTION

1-8

6040>
6041
6042
6043
6044
6045
6046
6047

6048

Width
19”
48 cm

19”
48 cm

19"
48 cm

19"
48 cm

19"
48 cm

19"
48 cm

19"
48 cm

19"
48 cm

19"
48 cm

Height
7"
18 cm

19"*
48 cm

30"*
76 cm

41"*
104 cm

52"*
132 cm

63"*
160 cm

74"*
188 cm

85"*
216 cm

96" *
244 cm

*Overall vertical mounting space required.

6030
6031
6032
6033
6034

6040
6041
6042
6043
6044
6045
6046
6047
6048

10.

10.
10.
14.
14.
17.
17.

NN KW\
vi O O v »n

" 1O O »1Tyi O v own

amps
amps
amps
amps

amps

amps
amps
amps
amps
amps
amps
amps
amps

amps

at
at
at
at
at

at
at
at
at
at
at
at
at
at

115
115
115
115
115

115
115
115
115
115
115

115

115
115

Length

26"
66 cm

19"
48 cm

25"
64 cm

25"
64 cm

25"
64 cm

25"
64 cm

25"
64 cm

25”
64 cm

25"
64 cm

Vac, amps

Vac, amps
Vac, amps

Vac, amps

[« TR~ L S I

Vac, amps

Vac, amps

Vac, amps
Vac, amps
Vac, amps
Vac, amps

Vac, amps

0o 00 O O A NN

Vac, amps

at
at
at
at
at

at
at
at
at
at
at
at

220
220
220
220
220

220
220
220
220
220
220
220
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CHAPTER 2
HARDWARE DESCRIPTION

2.1 INTRODUCTION

A Codex 6030/6040 series Intelligent Network Processor, Figure 1-1, consists of
an operator's console (or, alternately, a front panel), a mainframe, and one or more
port nests, interconnected by an I/O bus, as diagrammed in Figure 2-1. Dc power for
the logic and the EIA signals is furnished by one or more power supplies. Figure
2-2 shows the chassis of a rack-mounted 6031 INP with the major components identi-
fied. The console, mainframe, power supply, and port nest are mounted in one drawer

of the rack, the port nest in another.

The 6030/6040 series INP's are modular in design. They offer a variety of
options and capabilities that tailor them quite precisely to the needs of a given
communication network. This modularity assures the customer of the services that are
needed, but requires purchase of only the options that provide those services. If

the system requirements change, the INP may be modified to match the new requirements.

Certain features are standard requirements, others are options. These options
are classed as either hardware or firmware. In the following system description, the

hardware components are described according to their physical locations in the INP.

2.2 OPERATOR'S CONSOLES AND FRONT PANEL

The operator's console is located on the face of the tabletop version of the
INP, or in one of the top drawers of the face of any floor cabinet version (Figure
1-1). Every network must have at least one operator's console for configuring the
network topology, monitoring system operation, gathering system operational
statistics, and performing diagnostics of hardware operation. Only the operator's
console can be used for performing diagnostics, although a control terminal port

may perform the other operator's console functions.

If a 6030/6040 does not have an operator's console, it has instead a front
panel, Figure 2-3, that contains an on/off POWER switch for the node, and a 50-pin

connector.

2-1



¢-7

LI

r _l MA INFRAME
MASTER P P R
CONSOLE
CONFIG
| | | wicroconrotLer L JT I T1 )
- —_—— BUS - CONTROL LINES .
L__ MEMORY BUS & CONTROL LINES
1/0 BUS - — —
r —] | PORT NEST - — —
I POWER l o
SUPPLY NE NETWORK TERMINAL CURRENT
| on s ! EACE PORT PORT LoOP
6030, 6031 AC MODULE MODULE (S) TP MODULE (S)
| 6040, 6041 | | CARD
L ! I ! 1L T I
—_— X
| \ PORT NEST BUS
1/0 BUS - —
l PORT NEST , - — — — —
l NETWORK
NEST P TWO TERMINAL CURRENT
| INTER- ORT TERM CuRR
! FACE MODULE ) TP MODULE
I CARD (6040 ONLY) MODULE (S , ODULE(S)
| L JT T ]
~
| N PORT NEST BUS

Figure 2-1. 6030/6040 Functional Block Diagram
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Codex 6030/6040 Series INP Operator Console
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Figure 2-3. Front Panel with Portable Operator's Console Attached

A portable operator's console can be attached to the connector, and is used
when operating reports or statistics are requested, or when diagnostics must be run
for the node. It has the same controls and display as an operator's console, and

differs mainly by being portable.

WARNING

On the inner surface of the logic card for the operator's

panel there is a daughter card that supplies 250 Vdc to

drive the self-scan display. This voltage is dangerous.

2.2.1 OPERATOR'S CONSOLE

The operator's console is used for programming and display, and for hardware
diagnostics and testing. Operator inputs to the INP are made via the keyboard; out-

puts are via the self-scan display.

The face of an operator's console is shown in Figure 2-4. The console presents,
from left to right, a row of processor ID lamps, two rows of processor status lamps,

a 32-character 5x7 dot alphanumeric self-scan display, a row of operating mode
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indicator lamps, and an 18-key keyboard. Below the processor ID lamps is a keylock

power-function switch.
The functions of the controls and lamps are listed in Table 2-1.

The alphanumeric self-scan screen is used to display configuration information,
commands, error conditions, and network statistics. (The small lights that form the
characters are ionized gas, similar to neon tubes.) In Program and Monitor modes,
character positions 2 through 6 of the self-scan screen continually display the cur-
rently-selected node number, configuration number, port type, and port number. This
information may be displayed by the EXAM and CHNG commands. A sample format of this
display is shown in Figure 2-5. Character position 1 contains an asterisk used to

notify the operator when a system report is waiting to be displayed.

The remaining character positions (7 through 32) on the self-scan screen echo
the input keystrokes for commands, and display error messages and the responses to

commands.

NOTE
When a control terminal port (CTP) has been designated as
the system report destination, messages or error reports
are routed to the CTP; they are not displayed on the

operator's console.

The keylock switch (see Figure 2-4) applies power to the INP and selects the
mode of operation (these modes are described in the Operator Manual. The switch can

be locked in any position by removing the key.

2.2.1.1 KEYBOARD. The keyboard consists of 18 pushbutton keys (see Figure 2-4).
Each key has more than one function, depending upon the type of command being used,
so each key has two or three different words or symbols printed on it. The keys

are printed in this manner to provide many commands in a compact array.

In the lower left corner of each of the 16 square keys is a number or letter
indicating the hexadecimal digits O to F. (See Figure 2-6.) Port numbers are in

hexadecimal.

The mnemonic code key set consists of the alphabetic characters printed on the
keys. (See Figure 2-7.) Note that the hexadecimal digits A through F double as

alphabetic characters for the mnemonic code set. The character '0" doubles as the
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TABLE 2-1. CONTROLS AND INDICATORS

Control/Indicator

Function

Processor ID Lamps
A PRC lamp (green)
PRC 4, PRC 2, PRC 1
lamps (yellow)
Processor Status Lamps
RUN lamp (green)
HALT lamp (red)
I/0 lamp (yellow)
MREQ lamp (yellow)
INTE lamp (green)
LVL 4, LVL 2, LVL 1
lamps (yellow)
Self-Scan Display

Mode Lamps
MON lamp (green)
PGM lamp (yellow)
CTRL lamp (red)
DIAG lamp (red)
Keyboard
Keylock Switch Position
(See Figure 2-4)
OFF
MON
PGM
DIAG

Indicates all processors in use.

Indicates binary code of processor status being
displayed.

Indicates processor is running.

Indicates processor has halted.

Indicates input/output operation is in progress.
Indicates memory request.

Indicates interrupt enabled.

Indicates priority level in binary code.

Displays alphanumeric data.

Indicates operator console is in monitor mode.
Indicates operator console is in program mode.
Indicates operator console is in control mode.

Indicates operator console is in diagnostic mode.

Used to enter commands (see paragraph 2.2.1.1).

Shuts off power to system.
Restricts operation to monitor mode only.
Allows only monitor, program, and control modes.

Permits selection of any mode.

2-8(A).

are shown in Figure 2-8(B).

number 'zero'" and the letter "0,'" and the character '"'1" doubles as the number '"one"
and the letter "I."

The control character key set for monitor and program modes is shown in Figure

The additional control characters used for the control and diagnostic modes
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PORT NUMBER IN HEXADECIMAL

PORT TYPE

NETWORK PORT

CONTROL TERMINAL PORT (CTP)
EMPTY (UNDEFINED)
ASYNCHRONOUS TERMINAL PORT
SYNCHRONOUS TERMINAL PORT
AUTOSPEED DEFINITION
TRANSFER PORT

X OoOwnPrmozZ
wowowowononn

NOTE

IF NO PORT IS SELECTED, |.E., THE COM-
MANDS REFERENCE A NODE, TPP WILL BE
DISPLAYED AS THREE DASHES (I.E.,---).

CONF IGURATION NUMBER

0 = CURRENT ON-LINE CONFIGURATION
1-4 = OFF-LINE CONFIGURATIONS (STORED
IN CMEM, ONE OF WHICH IS THE
CURRENT VERSION)
5 = NULL BOOT (NP'S IN LOCAL)
6 = DIAGNOSTIC BOOT (NP'S IN LOOPBACK)

NODE NUMBER IN HEXADEC IMAL

IF DISPLAYED, ASTERISK INDICATES
THAT A SYSTEM REPORT IS QUEUED
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8 9 A B : S T]A uj|B v
C D E F C W D X 3 Y F Z
Figure 2-6. Hexadecimal Key Set Figure 2-7. Mnemonic Code Set
SEL EXAM CHNG HELP HALT
c 0 1 2 3
L
f\ GOTO MEM || LOAD DUMP
R 4 [ 6 7
MON PGM DIAG CTRL MON PGM DIAG CTRL GO
E A
N
BOOT g BooT || RseT INT STEP
R
Figure 2-8(A). System Control Key Set, Figure 2-8(B). System Control Key Set,
Monitor and Program Modes Control and Diagnostic Modes

2.2.2 FRONT PANEL

A front panel is used at a remote node that is usually unmanned. It can be
used only to apply power to the node via an on/off POWER switch. A 50-pin connector

allows attachment of a portable operator's console for test purposes (Figure 2-3).

2.2.3 PORTABLE OPERATOR'S CONSOLE

Since a front panel can be used only to power up a node, Codex Field Service
Engineers carry a portable operator's console to give commands, query the system,

and perform diagnostics at that node. This console is functionally the same as the




operator's console, and physically different only in that it is portable, with a
protective rear cover. It is attached to the front panel 50-pin connector, with the

power cord attached to power supply J2 or J3, as shown in Figure 2-3.

2.3 MAINFRAME

The mainframe, shown in Figure 2-9, is a card rack that is mounted directly
behind the operator's console. It holds up to 17 circuit boards. These boards are
of five types: an option module, 2 master control modules, up to 6 processor modules,
and memory (ROM's and RAM's). They process data (processors), control operation of
the system (master controllers), store software (ROM's) and configurations (RAM's),
and contain the clocks to drive the logic and interfaces to other functional units of
the INP. Master controller 1 (MCl) is the I/O controller. MC2 performs interface
functions between MC1l and the processors and memories. The option card contains
logic that interfaces the operator's console and the configuration memory with the
MC1.

Logic diagrams for mainframe modules are shown in Appendix M.

The boards are edge-connected to the mainframe bus on a horizontal motherboard
that is the floor of the mainframe. A 50-pin connector at the right rear edge of
the motherboard terminates the I/0 bus - a ribbon bus between the motherboard and

the next interface card in the first port nest (see Figure 2-1).

A key on each edge connector on the motherboard allows only the correct type of
module to be installed in each slot. The key engages a slot in the edge of the

module.

2.3.1 MASTER CONTROLLER 1 (MC1)

MC1 performs the CPU functions for the master controller (see Figure 2-10). It
contains the central processor (Intel 3000 series microcontroller), the firmware*
program, local memory, and the pipeline registers, as well as the control and data
interface for the port nest. It also contains the real-time clock and port clock
generator. There is one MC1l per mainframe. The card rail of MCl's used with S49
software are marked '49."

*In the Codex INP's, "firmware' refers to the programmable ROM's on the MCl; they

contain the programs for the Intel 3000 microcontroller. '"Software" refers to the
programs in the ROM cards.
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The MC1 firmware chips are marked as follows:

FW

YY - NN
Rev of ] L-[:I————--Chip sequence

firmware number

An MC1 is compatible with either a 4 MHz or a 5 MHz processor.

2.3.2 MASTER CONTROLLER 2 (MC2)

MC2 performs the interface functions between the master controller and the
processors and memory (see Figure 2-11). MC2 also contains the system master clock
generator, memory refresh control for the RAM's, and memory addressing and memory
read/write. There is one MC2 per mainframe. MC2's that operate in a 5 MHz system

are marked with 'I' on the rail. Those that are not so marked operate with 4 MHz.

MC2 has straps for controlling the size of the lock byte area and for the rate
of the system clock. The lock byte area is physically on the RAM card, but is con-
trolled from the MC2.

2.3.2.1 LOCK BYTE AREA. The lock byte area is common to all processors. It
provides processors with temporarily exclusive access to 256-byte segments of RAM
memory. This prevents interruption of a critical program by other processors. The
key to each segment is an 8-bit ''lock byte.'" When a processor addresses the byte
and reads it, it clears the byte. Another processor addressing the same byte finds
all 0's and retries at the cycle rate until the first processor has written the byte
back.

Lock byte addresses are X'400' to X'500'; a total of 256 addresses. Each 32K

of memory requires 128 lock bytes.

The size of the lock byte area is dependent on the INP model, and is selected
by soldered straps on platform U40 of the MC2 board. These are shown in Figure
2-12.

2.3.3 PROCESSOR
The processor module performs processing of information passed between the

terminal ports and the network ports.
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Figure 2-12. MC2 Lock Byte Platform U40

The processor (Figure 2-13) contains the Motorola M6800 microprocessor, associ-
ated bus and interrupt logic, and phase clock generation logic. There may be up

to three processors in a 6030 mainframe or up to six in a 6040.

Processors that operate at 5 MHz are marked 'I' on the rail; those that are not

so marked operate at 4 MHz.

Functionally, the processor is divided into four sections: phase clock gen-
eration, processor control logic, bus contention, and special addressing control,
which can itself be divided into base register addressing, augmented processor

register addressing, and I/0 control and addressing.

A processor provides two areas of strapping. One of these, platform U34
(Figure 2-14) provides for ''fast" or '"slow'" operation: a function of internal signal
timing on the processor board. All current systems are strapped fast: U34-1 to -8,
and -3 to -6. Some systems in the field may be strapped slow: U34-2 to -7, and -4

to -5; this would depend on user requirements.

The second area of strapping is in the upper right corner of the processor,
just below Ull: (see Figure 2-13). These connections are soldered staples (see
Figure 2-15), and depend on the software used. For S46 and S47 software, the

connections are across DV and 64K. For S49 they are across DV and 128K; it is the
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Figure 2-15.

Processor Card Software Strapping
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128K strap that permits addressing the third ROM (addresses 18000 to 18BFF) which
holds some options available only with S49. This feature also requires firmware
changes on the master control cards. The compatible MC1l can be identified by ''S49"

stamped on the rail.

2.3.4 16K PROM's (ROM's)

The ROM's provide software* storage to support software options ordered by the

customer. These options are listed below and described in Appendix B.

Option No./

Product Code Description
66301 Statistics and performance monitoring
66320 Operator console support
66321 Control terminal interface support
66322 Operator console and control terminal support
66323 Supervisory communications support
66324 Report logging control terminal support
66330 Asynchronous terminal support
66331 Autospeed
66332 ‘ Autoecho
66335 BSC terminal support
66344 Satellite link option
66345 Variable length ARQ option
66347 6030/6040 interface support

The software is contained on two or three ROM cards, depending on the options
required. These cards must be mounted in the left-most slots in the mainframe
(Figure 2-15). Each ROM has strapping on platform U52 (Figure 2-16) that addresses
the software. Because this strapping defines the addresses, the sequence of the
three cards in the mainframe is immaterial. The chips on the board are PROM's, pro-

grammed by Codex to provide the required memory.

*In these Codex INP's, "software" refers to the programs contained in the ROM cards;
"firmware'" refers to the PROM's on the MCl module that contain the program for the
Intel 3000 microcontroller.
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The ROM's will run at either 4 MHz or 5 MHz, and are not identified for
application.

2.3.4.1 ROM MEMORY MAP. The following information is included because knowledge of

the addresses and applications of ROM chips is necessary for locating chips that have
failed.

Figure 2-17 is an example of the address ranges used in an INP. The upper and
lower limits of the code tables are fixed, but the address of the first byte of
software is variable. It is a function of the Rev of the software. There may be
some empty space between the top of the code tables and the lowest address of
software; this may be used for 'customer specials.'" The upper limit of software
depends on the options needed by the user.

Physically, the ROM memory chips are laid out in two rows of 16 each. Each chip
is 1K x 4 bits so two chips form an 8-bit byte. The odd numbered chips contain the
least significant bits (0, 1, 2, 3); the even numbered chips contain the most signif-

icant bits (4, 5, 6, 7). Each chip is identified with a stamped six-digit number.

19BFF
_ 18coo S49 ONLY
18BFF
18000
P
FFFF N
i L
€000 Shé, sS4y
BFFF FIRST 2
_ 9500 | evte 7
9000 EMPTY
8FFF . <
CODE ébg’ 47,
TABLE
8000

Figure 2-17. ROM Memory Map - S46, S47, and S49.06

*Locations FFFO through FFF8 hold information on software Rev levels, checksums,
and customer specials.
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2.3.4.2 S47 ROM ADDRESSES. S47 software resides on two ROM cards. Addresses are
shown in Tables 2-2 and 2-3.

ROM chips used with S47 software are identified with a number leaving the

format:

Table 2-2 shows the chip addresses and sockets on the board that holds the
first 32K of ROM. Figure 2-18 shows the address strapping on platform US52 of the

cards.

01

2 5
L—J
6030/6040 software___'__l_I

Chip number

1 4

Rev 1 of chip 25

Release 4 (S47 software)

NOTE
Chips used for the code tables start with the digits 04.
These chips have the address range 8000 to 8FFF and replace

chips number 57 to 64 inclusive.

TABLE 2-2. S47 ROM ADDRESSES AND SOCKETS - FIRST 32K

Address Range Chip No. Socket No.
8000 - 83FF 2, 1 ule, U32
8400 - 87FF 4, 3 U122, U28
8800 - 8BFF 6, 5 Uls, U31
8C00 - 8FFF 8, 7 Ull, U27
9000 - 93FF 55, 56 Ul4, U30
9400 - 97FF 53, 54 uio, U26
9800 - 9BFF 51, 52 U1l3, U29
9C00 - O9FFF 49, 50 U9, U25
A000 - A3FF 47, 48 U8, U24
A400 - A7FF 45, 46 v4, U20
A800 - ABFF 43, 44 u7, .U23
ACO0 - AFFF 41, 42 U3, Ul9
B0O00 - B3FF 39, 40 veé, VUZ2
B400 - B7FF 37, 38 u2, U18
B800 - BBFF 35, 36 us, U2l
BCOO - BFFF 33, 34 ul, U17

2-21



Table 2-3 shows ROM chip addresses and sockets on the board that holds the

second 32K of memory.

TABLE 2-3. S47 ROM ADDRESSES AND SOCKETS - SECOND 32K

Address Range Chip No. Socket No.
C000 - C3FF 31, 32 ulé, U32
C400 - C7FF 29, 30 U1z, U28
C800 - CBFF 27, 28 u1s, U31
CCO0 - CFFF 25, 26 ull, u27
D000 - D3FF 23, 24 u14, U30
D400 - D7FF 21, 22 Ul0, U26
D800 - DBFF 19, 20 U13, U29
DCOO - DFFF 17, 18 u9, UuU2s
E000 - E3FF 15, 16 ug, u24
E400 - E7FF 13, 14 u4, U20
E800 - EBFF 11, 12 u7, U23
ECO0 - EFFF 9, 10 u3, U19
FO00 - F3FF 7, 8 u6, U22
F400 - F7FF 5, 6 U2, U18
F800 - FBFF 3, 4 us, U2l
FC00 - FFFF 1, 2 U1, Uu17

2.3.4.3 S49 ROM ADDRESSES. S49 software is contained on three cards. The first
contains address space 8000 to BFFF, the second contains C000 to FFFF, and the
third (the high-order PROM) contains address space 18000 to 1BFFF, although
addresses 19400 through 1BFFF are not yet used in S49.06. The strapping platform

U52 on each is strapped as shown in Figure 2-19.
ROM chips that contain S49 software are marked:
S49.YY-NN
Rev of software-——_EIJLT:L-Chip sequence number
ROM chips that contain the code tables are marked:
CT.YY-NN
where YY and NN have the same meanings as above.

Addresses and socket locations for the first two ROMs are the same as for S47.

The complete address ranges for all chips on the third ROM are given in Table 2-4.
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U52

I@@@\
DOOG

US52

T@@\
oJoXC

® ©

USs2

Lo

O—©
® ©

ADDRESSES ADDRESSES ADDRESSES
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Figure 2-19. ROM Card S49 Address Strapping, Platform US2
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TABLE 2-4. S49 ADDRESSES AND SOCKETS - HIGH BANK ROM

Address Range Chip No. Socket No.
18000 - 183FF 63, 64 ule, U32
18400 - 187FF 61, 62 ul2, U28
18800 - 18BFF 59, 60 u1l5, U3l
18C00 - 18FFF 57, 58 ull, v27
19000 - 193FF 55, 56 ul4, U30
19400 - 197FF  Unused 53, 54 ulo, U26
19800 - 19BFF 51, 52 Uu13, U29
19C00 - 19FFF 49, 50 U9, Uu25
1A000 - 1A3FF 47, 48 us, U24
1A400 - 1A7FF 45, 46 u4, U20
1A800 - 1ABFF 43, 44 u7, U23
1AC00 - 1AFFF 41, 42 u3, Ul9
1B000 - 1B3FF 39, 40 ue, U22
1B400 - 1B7FF 37, 38 uz2, U18
1B800 - 1BBFF 35, 36 us, Uuz21
1BCOO - 1BFFF } 33, 34 ul, Ul7

2.3.5 DIAGNOSTIC ROM - Options 6950 and 6951

The diagnostic ROM is a test board that is used for identifying hardware-
caused operating problems and for isolating faulty boards. It does not test the
system software. The test procedure is described in Chapter 5. Option 6950 is
used for INP's that use software S47 and below; Option 6951 for S49.

Physically, the diagnostic ROM is a standard ROM board containing specially-
programmed PROM's. To run diagnostics, the ROM boards are removed and the diagnostic
ROM is inserted in any of the empty ROM slots. It is removed as soon as testing is

completed.

2.3.6 RANDOM ACCESS MEMORY (RAM) MODULE

The 16K RAM module (see Figure 2-20) provides temporary storage for all data
processing activities within the INP mainframe. The RAM interfaces with the proc-
essors and the MC2 via the mainframe bus to perform read, write, and read-write-
modify functions. Additional logic circuitry provides all the control signals
required by the RAM chips, as well as address multiplexing, address range decoding,

and interleaving.
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The 16K memory is organized as four banks of 4K each, and consists of 32
4K x 1 dynamic random access chips. These chips are supported by refresh logic on
the RAM card and on MC2.

RAM's that operate in a 5 MHz system are marked "I". Those that are not so

marked operate in a 4 MHz system.

RAMs must be installed in consecutive slots in the mainframe (see Figure 2-2),

beginning with the leftmost slot that is keyed for RAM cards.

2.3.6.1 RAM LOGIC. The RAM logic can be divided into four functional classes:
memory array, address decoding and interleaving, control signal generation, I/0 data

interface, and address buffering.

2.3.6.2 MEMORY ARRAY. It is useful to understand the memory array and address

decoding and interleaving in order to locate failed RAM chips for replacement.

The memory array for each RAM module consists of four selectable banks, each
of which is 8 bits wide x 4K. The two upper banks hold the even addresses, while
the two lower banks hold the odd addresses. Depending upon the method of inter-
leaving (two-way or four-way) some of these banks will correspond to different
address ranges as illustrated in Figures 2-21 and 2-22. For example, bank 1 for a
two or four way interleaf corresponds to every fourth memory location below 16K
beginning at location 0000, while bank 0 for a two way interleave corresponds to
every fourth location below 16K begiﬁning at 0002; however, for a four way inter-
leave, it corresponds to every fourth location between 16K and 32K beginning at

location x '4000'.

The even and odd banks are controlled separately and the data input/output
lines are tied to separate drivers/receivers. This enables concurrent accesses by

different processors or MC2 to the even and odd banks.

2.3.6.3 ADDRESS DECODING AND INTERLEAVING. The address decoding and interleave

logic essentially decodes one of three conditions to select the bank being addressed:

1) a single 16K RAM (2 way interleave),
2) the first slot of a pair of RAMs (4 way interleave),

3) the second slot of a pair.
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Figure 2-21. Two-Way Memory Interleave, 16K System
MEM 2 MEM |
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BUSY 24— | BANK ¢
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BUSY 3 ———-< — BANK 1
BANK 3 bn - 1; n = 1...4096 BANK 3 bn - 3; n = 1...4096
Figure 2-22. Four-Way Memory Interleave, 32K System




Since interleaving is limited to pairs of RAM modules, the decoding for a third and
fourth, etc., is almost identical, differing only by the two most significant mem-

ory address lines used to decode 32K chunks of memory.

2.3.7 OPTION MODULE

The option module (Figure 2-23), holds information about the configuration of
the customer's system. Its logic provides the interface between the master con-
troller and 1) the operator's console and/or the control terminal port, and 2) the
configuration memory. It also contains mainframe hardware reset logic and node

number switching.

- The configuration memory consists of up to 8 bytes of nonvolatile (battery
backed up) CMOS RAMs with a manual write-protect switch. There are five 12 x 4-bit

RAMs in each configuration.
CAUTION

It is possible to discharge the battery by wrapping

the board in conductive packing material or by attach-
ing a protective edge connector cover to the edge con-
nector. Use only clear colorless polyethylene material

for wrapping. Do not use an edge protector.

2.3.7.1 CONFIGURATION MEMORY LAYOUT. There are two versions of the option module:
wire wrap and printed circuit. The wire wrap version consists of only one board,
with the configuration memory chips laid out across the top of the board. The PC
version consists of a mother board and a daughter board. The daughter board carries
the configuration memory chips. There is only a PC version for Models 6046, 6047,

and 6048; all others may have either PC or wire wrap boards (see Appendix J).

2.4 PORT NEST

A port nest is a card rack with connections for 18 PC cards (Figure 2-24). It
contains one Nest Interface card (NIC) and up to 16 port cards, the types and
quantities of which are application-dependent. The types of port cards are network
ports (NP's) consisting of a set of two cards: an NP1 and an NP2; Terminal Ports

(TP's), Activity Indicator Terminal Ports, and/or Current Loop Ports (CLP's). If
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Figure 2-23.
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the INP has the Report Logging CTP option, a time-of-day module (TODM) is installed
in slot 1E/1F. Port cards are connected to the nest interface card by a PC back-

plane port nest bus.

Every INP has as many port nests as needed to hold the required number of ter-
minal port cards. Multiple port nests are cascaded from the mainframe by way of I/0
busses in the form of S50-conductor ribbon cables between NIC's (see the block dia-

gram, Figure 2-1).

2.4.1 PORT ADDRESSES AND PHYSICAL LOCATIONS

The nest interface card is mounted in the leftmost slot in the nest, marked
"NI." It has no address. The next nest is empty, and also has no address. The two
boards of the first network port are mounted in slots 00/01 and 02/03; the network
port address is 02 - the first card is not addressed. A second network port (if
present) is mounted in slots 04/05 and 06/07, and is addressed as 06. The locations
and addresses for 8 port nests are shown in Figure 2-25. Terminal port cards have
two channels each. The address of the J1 channel is the upper of the two addresses
for the card, and the upper addresses are even. The address of the J2 channel is

at the bottom which is an odd address.

'2.4.2 INSTALLATION OF PORT CARDS

Terminal and network port cards that are located downstream of one empty slot
in the port nest will operate normally because they are able to generate an inter-
rupt. However, they cannot if they are downstream of two consecutive empty slots.
For this reason it is good practice to insert cards in consecutive slots. This

allows removal of a port card while the INP is running.

2.4.3 NEST INTERFACE CONTROL MODULE

The Nest Interface control (NI) module (Figure 2-26) in each port nest recog-
nizes and passes I/0 signals (from the mainframe or the adjacent upstream NI if
there are two or more port nests) addressed in the I/O ports in its nest, as well as
the adjacent downstream NI. Appendix C shows the signals on the 50 pins upstream,
downstream (if applicable), and on the nest backplane to NP1 and NP2. The NI con-
tains nest-selection logic, read-write controls, local chip select logic, interrupt
service logic, clock buffers, a downstream address generator, and an 8-bit bidirec-

tional Data Access Line (DAL) bus.
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Figure 2-26. Nest Interface Control Module
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As many as 8 nests can be daisy-chained via their respective NI modules and
I/0 busses.

2.4.4 NETWORK PORT

The network port is the node interface to the high speed trunk modem, and

ultimately, to the INP at the remote node.

The network port performs the functions of serializing, deserializing, and
buffering data; inserting and detecting flags; and generating and checking block
error check sequences. It also generates level 4 and level 6 service requests and

receives and transmits acknowledgments.

A 6030 series INP has only one network port since it is designed for point-to-
point applications. A 6040 series INP has two or more network ports as needed to
support the attached links in a multinode net. Network ports may be added accord-
ing to system requirements. A port can operate at speeds up to 19.2K bps (although
used up to 9600 bps), and presents a Data Terminal Equipment (DTE) interface at its

EIA connector on NP1.

A network port, shown in block diagram in Figure 2-27, consists of two modules:
NP1, which contains the transmit circuits, and NP2 which contains the receive
circuits (Figures 2-28 and 2-29). Each is a highspeed synchronous port specially
designed to handle variable-length codewords and to compute error checks. The two
NP's are joined logically (daisy chained) by a ribbon cable I/0 bus, connected to
the J1 connector of each module. Removal of either NP breaks the daisy chain.
Connection to the high-speed modem is via J2 on the NP1 module. J2Z presents a DTE
interface to the high-speed modem. NP1 and NP2 should be treated as a matched pair

because two cards of different rev's may be incompatible.

The NP1 card is installed in slot 00/01 of the port nest and the NP2 in slot
02/03. The network port is addressed as port 02 for configuration purposes. Port

addresses are hexadecimal.

2.4.4.1 NETWORK PORT SIGNALS. Table 2-5 shows the signals on the NP interconnect

cable, their sources, and their applications.
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Network Port Block Diagram
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TABLE 2-5.

NETWORK PORT INTERCONNECT CABLE SIGNALS

B S | S Coments
1 PNDET 1 Not used
2 WCLO 2 Write clock, register select = 0
3 WCL4 2 Not use&
4 RCVDIN 1 Receive data in
5 RCVCLK 1 Receive clock
6 CLRTXRQEN 2 Clear transmit request enable
7 ZREPLY 2 Reply to poll*
8 TINT 1 Transmit interrupt
9 LZREPLY - Latched reply to poll*
10 WCL6 2 Write clock, register select = 6
11 8ONES 2 Last 8 or more bits were 1
12 RS2 2 Register select 2 (middle bit)
13 - - Not used
14 TFFFLAG 1 Transmit = half full
15 - - Not used
16 BBTTL 1 Receive data from BB (for reboot detect)
17 WCLS 2 Write élock, register select = 5
18 RBDDTTL 1 Buffered DD (for reboot detect)
19 MUXCTL 2 Disables loopback
20 WCL7 2 Write clock, register select = 7

*Could be eliminated by additional latch on NP2.
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2.4.5 DUAL UNIVERSAL TERMINAL PORT - Option 6130

This terminal port (TP) provides RS-232-C or CCITT V.24 interfaces between an
Intelligent Network Processor and the data terminal attached to it. The TP module
(Figure 2-30) contains two channels, each independently capable of full duplex
operation in either asynchronous or BSC synchronous mode. (The mode is determined
when the system is configured.) Each interface can appear as a modem (DCE) or as a
data terminal (DTE), depending on the interface cable used to connect the terminal
port channel to its I/O device. Terminal port interface signals and the interfaces

for each type of cable are listed in Appendix C.

The TP contains hardware for generating and selecting clock rates, and select-
ing clock sources, EIA control signals, and signal delays. Two separate sets of
clock rates are provided - one for asynchronous (low speed) terminals, the other for
synchronous (high speed) terminals. Seven standard asynchronous clock rates are
supplied: 75, 110, 134.5, 150, 300, 600, and 1200 bps. Other, customer-selected

speeds are available via Option 6136, each at the sacrifice of one standard speed.

When operating in BSC synchronous mode, ASCII or EBCDIC codes are supported, as
well as the transparent text mode. The following code-dependent functions are imple-
mented: 1) character framing via SYN characters, 2) recognition of transparent/non-
transparent text mode transitions, and 3) strip/insertion of idle time-fill

characters.

Synchronous clocks are strap-selectable on the module. The terminal port (DCE)
receive clock can be selected from the receive or the transmit clocks supplied by the
Data Terminal Equipment (up to 9600 bps), or else from a set of six clocks supplied
on the TP module itself: 1200, 2400, 3600, 4800, 7200, or 9600 bps. The terminal
port transmit clock can be selected as the DTE transmit clock, or it can be the same
as the terminal port receive clock. Output transmit and receive clocks are generated

from the selected DCE receive clock.

2.4.5.1 TP MODULE LAYOUT. When the TP card is plugged in the port nest, the upper
connector is for the J1 channel, the lower for J2. Strapping locations and the
ASTRO for each channel are illustrated in Figure 2-31. Strapping platform U5 is
common to both channels; the clock sources and control signal delays for each channel

are shown in Figure 2-32.
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2.4.5.2 CONTROL SIGNAL STRAPPING (See Figure 2-33). Two strapping positions are

provided for all control signals except Carrier (CF), which has three positions.

2.4.5.2.1

a)

b)

c)

d)

2.4.5.2.2

a)

b)

c)

2.4.5.2.3
a)

b)

Input Control Signals.

SPR (spare) may be strapped either Normal or HI. In the N position SPR
is driven from pin 14 of the EIA interface; in the HI position SPR is held
active.

MK BSY (busy in) may be strapped either Normal or LO. In the N position
MK BSY is driven from pin 25 of the EIA interface; in the LO position it
is inactive. :

RTS (ready to send) may be strapped Normal or HI. In the N position it is
driven from pin 4 of the EIA interface; in the HI position it is held
active.

DTR (data terminal ready) may be strapped either Normal or HI. In the N
position it is driven from pin 20 of the EIA interface; in the HI position
it is held active.

Output Control Signals.

DSR (data set ready) may be strapped either Normal or HI. In the N posi-
tion, pin 16 of the ASTRO drives pin 6 of the EIA interface. If DSR is
in the HI position, pin 6 of the EIA interface is held active.

CAR (carrier detect) may be strapped in one of three positions: N, CC, or
HI. If it is strapped N, pin 38 of the ASTRO drives pin 8 of the EIA
interface; if it is strapped CC, pin 16 of the ASTRO drives pin 8 of the
EIA interface. If it is strapped HI, pin 8 of the EIA interface is held
active.

CTS (clear to send) may be strapped either Normal or HI. In the N posi-
tion, pin 5 of the EIA interface is driven by pin 4 of the EIA interface,
and CTS may be delayed. (The delay is described below.) In the HI posi-
tion, pin 5 of the EIA interface is held active.

RTS/CTS Delay.

A 22-ms delay is introduced in the RTS/CTS turnaround if CTS is strapped
N and U5-2 to -15 (for the J1 channel) or U5-6 to -11 (for the J2 channel).

No delay is introduced in the RTS/CTS turnaround if CTS is strapped N and
US-1 to -16 (for the J1 channel) or US5-5 to -12 (for the J2 channel).

2.4.5.3 CLOCK SPEED STRAPPING. System clock is supplied by the modem or by the sync
clock generator. Figure 2-33 shows the strapping positions used to select the

appropriate speeds.
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2.4.5.3.1

External Transmit Clock. Synchronous transmit clock speeds are sup-

plied internally by the synchronous clock generator U22 on the port card. Figure

2-33 shows the strap positions to select the appropriate speeds. The J1 channel

is strapped on platform Ul0, J2 on Ul7. The two channels are identical so the

figure serves to illustrate both. The signal at ASTRO pin 35 also drives pins 15

and 17 of

2.4.5.3.2

a)

b)

2.4.5.3.3

a)

b)

the EIA interface.

External Receive Clock.

Receive clock (DB) generated externally (usually by the modem) is provided
to ASTRO pin 34 by strapping the J1 channel U5-4 to -13 and the J2
channel US5-8 to -9.

The signal at EIA pin 24 provides external transmit clock for the Jl
channel by strapping U5-3 to -14 and for the J2 channel by strapping
US5-8 to -9.

External Receive and Transmit Clock from EIA Pin 24.

Both receive and transmit clock are provided by J1 EIA pin 24 by removing
the Ul0 strap and strapping U5-3 to -14 and U5-4 to -13.

Both receive and transmit clock are provided by J2 channel EIA pin 24 by
removing the Ul7 strap and strapping U5-7 to -10 and U5-8 to -9.

2.4.6 ACTIVITY INDICATOR TERMINAL PORT - Option 6131

Option 6131 performs the same functions as the standard (dual universal) ter-

minal port module.

2.4.6.1 FEATURES. The activity indicator terminal port incorporates the following

enhancements:

2-44

Four LEDs are mounted on the rail of the card. They show input and output
signal activity for each channel on the card.

Control signal strapping capabilities have been improved.

The new board layout facilitates installation of small scale, customer-
special circuitry. A three-DIP subassembly can be cleanly mounted on
board and connected by wirewrap.

The EIA drivers are supplied with *9V instead of *12V, which increases
reliability and MTBF.



Like the standard (dual universal) terminal port, Option 6131 is strappable to

select clock sources and rates and to activate control signals and associated delays.

2.4.6.2 MODULE LAYOUT. When the module is plugged into the port nest, the Jl con-
nector is on top, JZ2 is below. All circuitry and strapping platforms for each
channel are located on the associated (upper or lower) half of the board. Figure

2-34 is a photograph of the board; Figure 2-35 specifies the strapping locations.

2.4.6.3 CONTROL SIGNAL STRAPPING. Two strapping positions are provided for all

control signals except Carrier (CF), which has three positions.

2.4.6.3.1 Input Control Signals.

a) SPR (spare) may be strapped either Normal or ON. In the N position SPR
is driven from pin 14 of the EIA interface; in the ON position SPR is held
active.

b) MK BSY (busy in) may be strapped either Normal or OFF. In the N position
MK BSY is driven from pin 25 of the EIA interface; in the OFF position it
is inactive.

c) RTS (ready to send) may be strapped Normal or ON. In the N position it is
driven from pin 4 of the EIA interface; in the ON position it is held
active.

d) DTR (data terminal ready) may be strapped either Normal or ON. In the
N position it is driven from pin 20 of the EIA interface; in the ON posi-
tion it is held active.

2.4.6.3.2 OQutput Control Signals.

a) DSR (data set ready) may be strapped either Normal or ON. 1In the N posi-
tion, pin 16 of the ASTRO drives pin 6 of the EIA interface. If DSR is
in the ON position, pin 6 of the EIA interface is held active.

b) CAR (carrier detect) may be strapped in one of three positions: N, CC,
or ON. If it is strapped N, pin 38 of the ASTRO drives pin 8 of the EIA
interface; if it is strapped CC, pin 16 of the ASTRO drives pin 8 of the
EIA interface. If it is strapped ON, pin 8 of the EIA interface is held
active.

c) CTS (clear to send) may be strapped either Normal or ON. In the N posi-
tion, pin 5 of the EIA interface is driven by pin 4 of the EIA interface,
and CTS may be delayed. (The delay is described below.) In the ON posi-
tion, pin 5 of the EIA interface is held active.
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2.4.6.3.3 RTS/CTS Delay.

a) A 22-ms delay is introduced in the RTS/CTS turnaround if CTS is strappéd
N and Ull is strapped Ull- 12 to -5 (for the J1 channel) or Ull-1 to -16
(for the J2 channel).

b) No delay is introduced in the RTS/CTS turnaround if CTS is strapped N and
Ull is strapped Ull-6 to -11 (for the J1 channel) or Ull-2 to -15 (for
the J2 channel).

2.4.6.4 CLOCK SPEED STRAPPING. System clock is supplied by the modem or by the
sync clock generator. Figure 2-36 shows the strapping positions used to select the

appropriate speeds.

2.4.6.4.1 External Transmit Clock. Synchronous transmit clock speeds are supplied

internally by the synchronous clock generator U22 on the port card. Figure 2-36
shows the strap positions to select the appropriate speeds. The J1 channel is
strapped on platform Ul3, J2 on Ul5. The two channels are identical so the figure
serves to illustrate both. The signal at ASTRO pin 35 also drives pins 15 and 17
of the EIA interface.

2.4.6.4.2 External Receive Clock.

a) Receive clock (DB) generated externally (usually by the modem) is provided
- to ASTRO pin 34 by strapping the J1 channel Ul1-8 to -9, and the J2 chan-
nel Ull-4 to -1.

b) The signal at EIA pin 24 provides external transmit clock for the J1
channel by strapping Ull-7 to -10, for the J2 channel by strapping
Ul1-3 to -14.

2.4.6.4.3 External Receive and Transmit Clock from EIA Pin 24.

a) Both receive and transmit clock are provided by 1 channel EIA pin 24 by
removing the Ul3 strap and strapping Ul1-7 to -10 and Ul1-8 to -9.

b) Both receive and transmit clock are provided by J2 channel EIA pin 24 by
removing the Ul3 strap and strapping Ul1-3 to -14 and Ull-4 to -13.

2.4.6.5 ACTIVITY INDICATOR LED DISPLAY. There are four LEDs mounted on the rail of
each activity indicator terminal port module. The two LEDs on the left are associ-
ated with the J1 channel and the two on the right with the J2 channel. The top two
LEDs indicate output activity and the bottom two indicate input activity.
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Table 2-6 summarizes the LED conditions. Each LED responds to three signals: a
primary control signal, a secondary control signal, and a data signal. For an out-
put indicator the primary control signal is DSR; the secondary control signal is
CARRIER and the data signal is BB. For an input indicator the primary control sig-

nal is DTR, the secondary control signal is RTS, and the data signal is BA.

An LED will be ON if its primary control signal is active and its secondary
control signal or its data signal is inactive. (A data signal is inactive if mark-
ing). An LED will be OFF if its primary control signal is inactive or if its
primary control signal, secondary control signal, and data are all active. All con-

trol signals are detected at the ASTRO interface; not at the EIA interface. Under

normal active conditions, a channel will have its primary and secondary control
signals active while its data signal transitions between mark and space. The

associated LED will blink on and off in this situation.

2.4.7 DUAL CURRENT LOOP PORT - Option 6150

The current loop terminal port module, Figure 2-37, provides two independent

current loop interfaces to two current loop data terminals,.such as send-receive

teleprinters, at standard asynchronous speeds.

TABLE 2-6. LED CONDITIONS
Primary Secondary
Control Control Data LED
Signal Signal Signal State
DSR CAR BB
Inactive Don't care Don't care off
Out
utput Active Inactive Don't care On
Active Active Space 0 off
Active Active Mark 1 On
DTR RTS BA
Inactive Don't care Don't care off
Input Active Inactive Don't care On
Active Active Space 0 off
Active Active Mark 1 On
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Such terminals are asynchronous and operate either half-duplex or full-duplex.
The maximum voltage swing is 180 Vdc with neutral signaling or 85 Vdc with polar
signaling, and the maximum standard current is 60 mA. The high voltage is used by
common carriers and customers who need it to transmit over substantial distances,
(over 1500 feet). The loop current compensates for resistance in the wire and the
interface for the terminal equipment; it must provide 20 to 25 mA at the receiving

terminal to minimize noise from the contacts in the terminal.

2.4.7.1 CURRENT LOOP SIGNALS. The signals may be either polar or neutral working,
as required by the attached terminal. Neutral working signals may be either

positive or negative.

In polar working signals, MARK is current flow in one direction, while SPACE
is current flow in the other direction. In neutral working, MARK is current flow,

either positive or negative, (see Figure 2-38) while SPACE is no current.

2.4.7.2 CURRENT LOOP MODULE STRAPPING. The accommodation to polar or neutral work-
ing signals generated by the terminal, and to the customer-provided loop current, is
made by performing the appropriate strapping on platforms on the board. The loca-

tions of these platforms are shown in Figure 2-39.

Each of the two channels has strap positions for polar current: 20, 40, or
60 mA; data: normal or invert; and operating mode: half-duplex or full duplex.
The common carrier normally provides the dc power source and current limiting

devices.

POLAR POSITIVE NEUTRAL NEGAT!VE NEUTRAL

0 Vd¢ ———-—- ———— _ —_—

Figure 2-38. Current Loop Signals
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2.4.7.2.1 Loop Current Strapping. The current loop module, when strapped for polar

current, operates within *15% of the nominal value strapped.

2.4.7.2.2 Data Strapping. Strapping data allows the module to accept either NORMal

data or INVerted data. Normal data is shown in Figure 2-37; inverted data changes
the current flow for MARK to zero, and the current flow for SPACE to flow in either

direction.

2.4.7.2.3 Mode Strapping. This strapping allows the module to operate in the same

mode as the attached terminal: full duplex or half-duplex.

2.4.7.3 ACCESSORIES. To prevent the mistake of connecting an EIA connector to a
current loop port, the male and female connectors have been exchanged. The female

is on the current loop cable, not on the card. The card connectors are male.

A 40-inch cable with a standard 25-pin EIA connector at one end, and a terminal
block at the other end (Figure 2-40) is also available. The EIA connector (of which
only 5 pins are active) plugs into the current loop port connector at the rear of
the INP port nest. The terminal block at the other end of the cable mounts into a

specially designed connector panel which is also available as an accessory.

The terminal block panel is designed to mount into vertical mounting rails at
the rear of a rack cabinet. It contains 16 slots into which current loop terminal
blocks may be mounted, allowing up to 16 current loop ports to be supported by one
panel. Cabling of current loop DTE's to the current loop panel rather than the port
nest will eliminate accidental connection of high current loop voltage to an EIA

port module.

Upon completion of any current loop port installation, be sure to install the
protective covers over the port nest backplane and terminal block panel. Each is
used to protect operators and maintenance personnel from the high voltage present at

the backplane etches and terminals.

The covers are held in place by a set of spacers and screws.

WARNING

Avoid contact with etches and terminals while installing

the covers. Dangerous voltage is present on the terminals.
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TYPICAL CABLING CONNECTIONS

*BALANCE o
RESISTOR
2
s *Ba <9 |+B
6 N
[ — F Pe®  |xmT
4
L 4 7’! -8
CURRENT LOOP PROTECTION 2 . o |Hi
AND DEMARCATION, 2
OPTION 66251 ‘ . 1 Lo
A ’ *BALANCE 4
e 25-PIN EIA RESISTOR ' =¢)
< CONNECTOR
AT o °
i v i PANE TERMINAL
Ao 4 L *BALANCE RESISTORS REQUIRED ONLY WHEN BLOCK
/~ 1 @3 @ CURRENT LIMITING IS NOT SUPPLIED BY

COMMON CARRIER. WHEN USED, TOP TER-
MINAL BECOMES XMT AND BOTTOM TERMINAL
BECOMES HI.

40-INCH CABLE

WHEN BALANCE RESISTORS ARE USED,
CONNECT DTE XMT TO TOP TERMINAL
AND DTE HI TO BOTTOM TERMINAL. /

|

EIA CONNECTORS
TO PORT NEST

N
NOTE: A VARIETY OF METHODS MAY BE USED FOR
CURRENT LOOP PORT INTERCONNECTION.
THIS ILLUSTRATION PROVIDES ONLY A
TYPICAL EXAMPLE.

Figure 2-40. Current Loop Cabling Accessories
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2.4.7.4 CONNECTION TO USER.

ated data terminal can be connected in a variety of configurations according to
customer requirements.

configurations.
[ Positive neutral loop, half duplex:
o Positive neutral loop, full duplex:

o Polar loop:

see Figure 2-43.

Cabling between a current loop port module and associ-

Figures 2-41 through 2-43 show the more common

see Figure 2-41.
see Figure 2-42.

CUSTOMER
BATTERY
Part of
Option — 1|
6150
TERMINAL *V. . GND
BLOCK
+BATT ’N ,‘;B *
-O— -2
XMIT 6 XMT
o Q-
-BATT a -B
O @———»—NC
HI 23 HI
O
Lo 20 Lo
O -
INTERFACE
CONNECTOR

YRS

CUSTOMER
TTY TERMINAL

+

RCV

+

XMT

*SEE NOTE 2 FOR REQUIREMENTS OF BALANCE RESISTORS.

NOTES:

1. SET NORMAL/INV DATA STRAPPING TO NORMAL.
2. BATTERY,CURRENT LIMITING, AND INDICATOR FUSES ARE

NORMALLY PROVIDED BY COMMON CARRIER. IF NOT, A

BALANCE RESISTOR MUST BE INSTALLED TO LIMIT CUR-
RENT ACCORDING TO CUSTOMER REQUIREMENTS.

3. FD/HD STRAPPING TO HD.

Figure 2-41.
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CUSTOMER

BATTERY
Poartt.of N
ption L]
6150 -
TERMINAL +V GND
BLOCK Y
CUSTOMER
® TTY TERMINAL
+8
+BATT 2’\ Py P .
A4 °
XMIT 6 XMT . | RCV
O Vo Y
o1 WWv e |
-BATT 4 -B NC
S Vo +
23 HI . g
HI 3 @ xMT
Lo
LO 29\ e
INTERFACE
CONNECTOR
*SEE NOTE 2 FOR REQUIREMENTS OF BALANCE RESISTORS,
NOTES

1. SET NORMAL/INV DATA STRAPPING TO NORMAL

2 BATTERY, CURRENT LIMITING, AND INDICATOR FUSES ARE
NORMALLY PROVIDED BY COMMON CARRIER. IF NOT, BALANCE
RESISTORS MUST BE INSTALLED TO LIMIT CURRENT ACCORDING TO
CUSTOMER REQUIREMENTS.

3. FD/HD STRAPPING TO FD.

Figure 2-42. Positive Neutral Loop, Four Wire Full-Duplex Operation

CUSTOMER
Part of BATTERY
Option * -
TERMINAL ‘[Q*V @ ono 'V]
BLOCK
CUSTOMER
(%) - TTY TERMINAL
+BATT N +8 ‘3’
e +*
XMIT 6 XMT r » + RCV
o - AN~ :
-BATT a Wv com
o ; o |-
Hi 23 Hi * ~ XMT
ot 1o L iv—1-2 [
Lo 20 LO I XMT
O- 24
INTERFACE
CONNECTOR

*SEE NOTE 2 FOR REQUIREMENTS OF BALANCE RESISTORS.

NOTES:

1. SET NORMAL/INV DATA STRAPPING ACCORDING TO CUSTOMER EQUIP-
MENT. FOR NEGATIVE POLAR OPERATION, COMMON IN ENGLAND,
AUSTRALIA AND ELSEWHERE, SET NORMAL/INV DATA TO INV

2. BATTERY, CURRENT LIMITING, AND INDICATOR FUSES ARE NORMALLY
PROVIDED BY COMMON CARRIER. IF NOT, BALANCE RESISTORS MUST
BE INSTALLED TO LIMIT CURRENT ACCORDING TO CUSTOMER REQUIRE-
MENTS

3. FD/HD STRAPPING TO FD.

Figure 2-43. Polar Loop Operation
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CHAPTER 3
INP INSTALLATION

3.1 INTRODUCTION

Each model of a 6030/6040 INP has a basic physical configuration, described
briefly in Chapter 1, with the components detailed in Chapter 2. Here we are con-
cerned only with the mechanical and electrical requirements for interconnecting the
components delivered by the Codex Corporation, and for assuring and verifying their

proper operation.

The installation may be performed either by the customer's personnel or by

Codex personnel, as determined when the equipment is ordered.

3.2 SITE PREPARATION

The 6030/6040 Series INP's should be installed within 5 feet (1.5 m) of a
grounded ac outlet that has no other equipment on the line and is capable of furnish-
ing the appropriate power specified in paragraphs 1.2.5 and 1.2.6. The installation
area should be clean, well-lighted, and free from extremes of temperature, humidity,
and vibration. One power outlet is required for each power supply in user-supplied

racks. If Codex racks are used, only one outlet is required.

It is recommended that no other equipment (except modems) be driven from the

electrical circuit used to power the INP.

3.3 INSTALLATION PROCEDURE

Personnel should become familiar with the following installation procedure for

6030/6040 Series INP's before attempting to install the equipment.

3.3.1 UNPACKING

After unpacking the equipment shipping crate, check the contents against the
packing list. Inspect the equipment carefully for any damage that may have occurred

in shipment.



If any damage is found, contact the shipper's agent. In the event of damage or
a material shortage, contact the Codex Corporation, Marketing Operations, 15 River-

dale Avenue, Newton, MA 02195, for advice and assistance.

It is suggested that the shipping crate and packing material be retained for

use in future repacking and shipping.

3.4 MECHANICAL ASSEMBLY

3.4.1 TABLETOP MODEL 6030 OR 6040

The only assembly required is the connecting of cabling (see section 3.5.1).

3.4.2 RACK-MOUNTED MODELS

Refer to Figure 3-1. Assembly of rack-mounted equipment is performed by instal-
ling the INP hardware in the appropriate racks, then connecting the port nest and

power supply cables. Figure 3-2 shows the sequence of modules in the mainframe.

3.4.3 CUSTOMER-PROVIDED RACKS

Users who elect to install a 6030 or 6040 Series INP in their own racks must
use installation techniques similar to those described in this manual. Codex
Corporation may refuse to service locations where adequate provisions for accessi-

bility, strain relief, and ventilation have not been provided.

3.5 ELECTRICAL ASSEMBLY

Electrical installation consists of connecting all cables according to drawings,
verifying that boards in the mainframe and port nest are properly located and seated,
and verifying the positions of moveable straps on the boards. Only then should power
be applied to the system.

In the mainframe, the edge connectors on the motherboard are keyed to provide
dedicated slots for boards, right to left, as follows: option card, MCl, MC2, 8 for

processors, and 6 for RAM's and ROM's (see Figure 3-2).

Slots in the port nest are not keyed, but the placement of cards in the nest is
subject to a few rules: The nest interface card occupies the leftmost slot, while the
next slot is always open. The network port cards follow - NP1 in slot 00/01 and NP2
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Figure 3-2. Mainframe Card Location

in slot 02/03, with other pairs of NPs, if any, in sequence. Terminal port cards

follow in any type or order. If there is a time of day module (TODM) for a report

logging CTP, it occupies slot 1E/1F.

3.5.1 CABLING

Figures 3-3 and 3-4 show the cables and connections used in installation of the

various models of 6030 and 6040 INP's.

Figure 3-3 shows a 6030 (tabletop) or 6031 (rack-mounted) with one power supply.
When a second port nest is added (Figure 3-4A), it is preferable to attach both port
nests to the second power supply to equalize the loads on the power supplies. No
more than two port nests should be attached to a 200W rack mounted power supply.
With a 400W rack mounted supply, 2 units will supply up to 8 pin nests. (See Figure
3-4B.)

The equipment and cabling required for each model is indiqgted by the levels of
the dashed lines at the left of the diagrams. For example, a 6030 or a 6040 consists

of all equipment above the level of the dashed line: one operator's console, one
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OPERATOR 34681G01 34681G06
CONSOLE O- MAINFRAME [©O
J2
35028G02 POWER CABLE
35493G01 | PORT J2
-0 NEST | NIC o—
92 I [ POWER | no 1
CABLE
POWER
SUPPLY NO. 1
POWER CORD
115/230 VAC

Figure 3-3. Cabling for 6030, 6031, 6040, and 6041 INP's

mainframe, and one port nest, with connecting cables. A 6032 or 6042 has a second
port nest connected to the first port nest and driven by a second power supply, and

SO On.

The Codex part numbers given in Table 3-1 consist of two parts. The first five
digits indicate the general application: e.g., crossover cable 35861, while the

letter G and the last two digits indicate the specific applications: GO1l, G02, etc.
Customers should order parts by product code number.

In Figures 3-3 and 3-4, cable 35493G0l1, product 66938 (port nest to power
supply) is shown as a dotted line. This cable is an extension to the port nest

power cable, and is installed only if the added length is needed.

Use of the cable for the current loop terminal port (part number 37214G01l) is

described in Section

Figure 3-5 shows the cabling used on a port nest of a 6030 INP - it has only
one network port. The product number of the cable from NP1 J2 to the high-speed
modem depends on the length required (see Table 3-1).

Figure 3-6 shows the applications of INP to DTE direct cables, and INP to DCE

crossover cables.

3.5.2 STRAPPING

When the mechanical installation and cabling connections have been completed,
check the positions of the straps and switches on the printed circuit boards before

applying power to the system.
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Figure 3-4A.

Cabling and Connections for 6030/6040

Series INP's with 200 Watt Power Supplies
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Series INP's with 400 Watt Power Supplies

Cabling and Connections for 6030/6040




TABLE 3-1. CABLES FOR 6030/6040 SERIES INP's
Product Part s s
Code Number Part Name Part Description
66180 36795G01 15-ft EIA modem crossover cable
Male-male cable for
66181 35795G02 30-ft EIA modem crossover cable connecting a terminal
port to its modem (DCE).
66182 35795G03 50-ft EIA modem crossover cable
66183 35861G01 15-ft EIA terminal cable Male-female cable for
66184 35861602 | 30-ft EIA terminal cable connecting a terminal
port to its terminal
66185 | 35861G03 | 50-ft EIA terminal cable or CPU (DTE).
66186 34196G01 15-ft EIA network port cable Male-male cable for
connecting a 6000
66187 34196602 30-ft EIA network port cable network port (NP1
J2) to the high speed
66188 34196G03 50-ft EIA network port cable trunk modem.
66935 34681G06 180-in. interface cable Connects mainframe to
NIC between racks.
66937 34681G02 25-in. interface cable Connects mainframe to
port nest (desk model).
66938 35493G01 36-in. power cable Connects port nest
power cable to 200W
power supply.
66939 34681G03 15-in. interface cable Connects port nest to
port nest.
66944 34681G01 5-in. interface cable Connects console to
mainframe.
66945 35028G02 25-in. power cable Connects console J2 to
200W power supply J2.
66953 35028G01 28.5-in. power cable Connects port nest J3
to 200W power supply,
+5V, +12V ground.
66954 34681G04 58-in. interface cable Connects mainframe to
port (rack-mounted).
66955 34681G05 48-in. interface cable Connects NIC to NIC

between racks.
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TABLE 3-1. CABLES FOR 6030/6040 SERIES INP's (Cont)

Product Part N
Code Number Part Name Part Description
Part of Current loop terminal

Option 37214G01 40-in. current loop cable p
6150 port to connector panel.

- 37579G01 59-in. power cable 400W power supply to
operators console,
mainframe, and fans.

- 37723G01 24-in. power cable 400W power supply J9
to 400W power supply
J9.

- 37716G01 72-in. power cable extension 400W power supply J1,
J3, J4, J5, J6, J7 to
port nest power.

OPTION OPTION OPTION
6130 6150 6324*
NI JloPEN)| NP1 | NP2 TP N cLp N TODM
J1 J1 J1 oo 3 YY) *AVAILABLE
ONLY W/S49
(J () SOFTWARE
J2 J2 J2
/
1) \/
34196G01, -02, -03
TO HS MODEM
Figure 3-5. Port Nest Cabling
oTE 66183, -4, -5 . 66186, -7, -8
/ MODEM
™ NP (DCE)
DTE DCE DCE ™
66180, -1, -2
Figure 3-6. Cables from INP to DTE's and DCE's



Certain modules have strapping to be verified. In the mainframe: processors,
MC2 card, and ROM's. In the port nests: network ports, terminal ports or activity
indicator terminal ports, and current loop terminal ports (if any). In the power

supply: the terminal board, all connectofs, and possibly the switch and relay.

3.5.2.1 MASTER CONTROLLER 2 (MC2). The MC2 has straps for controlling the size of

the lock byte area and for the rate of the system clock.

Soldered straps on the U40 platform control the size of the lock byte area
(256 bytes to 2048 bytes). If an MC2 has insufficient lock byte area for the model
of the INP, the error message IL (insufficient lock byte area) is displayed at BOOT
time. Figure 3-7 shows the strapping for each model of the INP, and should be

referred to if the cards are swapped.

System clock, either 5 MHz or 4 MHz, is solder-strapped at location DV or SW
near the center of the board, just above U40.DV is 5 MHz, SW is 4 MHz.

NOTE
This speed must be the same as the speed of the proc-

essor module.

There are two versions of this board: one with a 40 MHz crystal, and one with a

32 MHz crystal.

3.5.2.2 PROCESSOR. There may be up to three processors in a 6030 series mainframe
or up to six in a 6040. All processors in the same mainframe must be strapped for
the same speed: 5 MHz or 4 MHz. The new boards operate at 5 MHz (strapped U34-1 to
-8 and -3 to -6), but there are some 4 MHz processors in the field strapped U34-2 to
-7, and -4 to -5 (see Figure 3-8).

S49 software takes advantage of an extended memory address technique. This
technique requires that the strap in the upper right corner of the processor card,
just below Ull, be placed in the 128K position instead of the 64K position required
by S46 and S47 (Figure 3-9). S49 also requires firmware changes on the Master Con-

trol cards. The compatible MC's are marked ''S49'" on the card rail.
3.5.2.3 16K PROM (ROM). ROM's for S47 software are treated as a set of two of the

same release and revision number, so that if one fails, both are replaced. They are

interchangeable in the two ROM slots in the mainframe because the addresses are

3-15



6030/6031 6032/6033 6034/6040/6041/ 6045/6046/
6042/6043/6044 6047/6048
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PRYPOORD
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GO0

256 BYTES 512 BYTES 1024 BYTES 2048 BYTES

Figure 3-7. MC2 Lock Byte Platform U40

u34 u34

T\
©
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®
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@
® ©

FAST STRAPPING SLOW STRAPPING

©
O,

Figure 3-8. Processor Cycle Speed Strapping, Platform U34
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S46,
S47

S49

Figure 3-9. Processor Card Strapping, S46, S47 and S49

strapped on platform U52 as shown in Figure 3-10. If three ROMs are required for
S49, they are strapped as shown in Figure 3-11. S49 ROMs are identified by ''S49"

printed on the rail.

3.5.2.4 NETWORK PORT 1 (NP1). NP1l is normably strapped for internal clock at

1800 bps on platform U20, from U20-1 to -20 (Figure 3-12). However, an option on the
MC1 card provides a loopback clock at 7200 bps. Then, NP1 is strapped U20-2 to -19,
or the modem clock can be looped back via NP1 U20-3 to -18 (Figure 3-13).

3.5.2.5 STANDARD (DUAL UNIVERSAL) TERMINAL PORT - Option 6130. The dual universal
terminal port (Option 6130) has two channels, each of which can be configured
independently to operate in either BSC or asynchronous mode. The mode is selected

when the node is configured.

A number of signals must be strapped on the TP module: EIA control signals,

clock rates, clock sources, and signal delays.
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ADDRESSES ADDRESSES
8000-BFFF C000-FFFF

Z

Figure 3-10. ROM Card S46 & S47 Address Strapping, Platform US2

US52 Us2 US2
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ADDRESSES ADDRESSES ADDRESSES
8000-BFFF 18000-193FF CO00-FFFF

Figure 3-11. ROM Card S49 Address Strapping, Platform US52
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INTERNAL
TESTCLK #—r
1800

INTERNAL
TESTCLK 1
7200

TO A21,PIN 1 (LOOPBACK CLOCK IS INTERNAL)

|
[
o

©

TOUTCLK
FROM MODEM

 —

oc

DB oo — = TOUTCLK
FROM
TRUNK
MODEM ) DA TO
A24-4

EIA-HIGH -l

CD (DTR TO MODEM)

EIAINTERFACE SIGNALS ARE ALWAYS
STRAPPED HIGH, OR ONE (CD OR CA)
CAN BE STRAPPED TO BE A FUNCTION
OF SYSTEM STARTUP (NOT ACCESS-
IBLE TO USER).

EIA-CSOUT -sm—ndl

EIA-HIGH —m——rl

CA (RTS TO MODEM)

-

EIA-CSOUT ——o

N

J2-22

F————————— .
PNDET NP2-PNDEF

POOO0OOOO OO0
eJojoycYoyojojojo

Figure 3-12. NP1 Platform U20, Normal Strapping

Figure 3-14 shows the strapping locations on the TP card. In the figure, a
dashed dividing line, approximately across the middle of the board, separates com-
ponents for the even channel (EIA connector J1) and odd channel (J2). Both J1 and
J2 are wired as DCE interfaces. Platform US, in the upper right corner of the board,
is common to both channels. It is used to select internal and external clock
sources as well as CTS delay. On U5, pins 1 to 4 and 13 to 16 serve the even chan-

nel, and 5 to 12 serve the odd channel.

Figure 3-15 is a schematic of the even (J1) channel on a TP. The schematic for
the odd channel is identical except for the strapping points on U5 and the numbers

of the ASTRO and clock speed select platform. These appear in Figure 3-14.
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@
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elelelole

UNUSED (11

Figure 3-13. NP1 I/0 Signals and Loopback Strapping

3.5.2.5.1 Clock Rates.

Platform U-10 and U-17 Straps (See Figure 3-16)

Strap 1-16
2-15

selects externally supplied clock from EIA pin 24 (connected to DCE).

selects externally supplied clock from EIA pin 18 (connected to DTE).
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3-14
4-13
5-12
6-11
7-10
8-9

selects
selects
selects
selects
selects

selects

9600 bps
7200 bps
4800 bps
3600 bps
2400 bps
1200 bps

external
external
external
external
external

external

receive
receive
receive
receive
receive

receive

clock.
clock.
clock.
clock.
clock.
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14 118 SPR  (SP) CLOCK
a 20 108 DTR (CD) GENERA-
— aw 25 MK BUSY TOR
" 8 109 CAR (CF)
6 107 DSR (CC)

Figure 3-14,

Platform U-5 Straps (See Figure 3-17)

Standard TP Card Strap Locations

Strap 1-16 Selects J1 port RTS (CA)/CTS(CB)
or 2-15 delay.
1-16 = no delay.
2-15 = delay, (approximately 22 ms).
3-14 Selects J1 port interface transmit clock
or 4-13 (only if External clocking is configured).
3-14 = same as receive clock.
4-13 = DA via EIA pin 24.
5-12 Selects J2 port RTS(CA)/CTS(CB)
or 6-11 delay.
5-12 = no delay.
6-11 = delay, (approximately 22 ms).
7-10 Selects J2 port interface
or 8-9 transmit clock.

7-1
8-9

0 = same as receive clock.
DA via EIA pin 24,

DA = External transmit clock.

DA = External transmit clock.
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Terminal Port Even Channel (J1) Signals
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Figure 3-17. TP US Platform
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Additional patches may be made to the TP card. This allows CB(CTS), CC(DSR),
and CF(CAR) signals to be permanently in the ON or HI state. A strap combination
‘also allows the bussing of CF to follow CC.

3.5.2.6 ACTIVITY INDICATOR TERMINAL PORT - Option 6131. Option 6131 performs the
same functions as the standard (dual universal) terminal port module. Like the
standard terminal port, it is strappable to select clock sources and rates and to

activate control signals and associated delays.

3.5.2.6.1 Module Layout. When the module is plugged into the port nest, the J1 con-

nector is on top, J2 is below. All circuitry and strapping platforms for each
channel are located on the associated (upper or lower) half of the board. Figure

3-18 identifies the strapping locations.

3.5.2.6.2 Control Signal Strapping. Two strapping positions are provided for all

control signals except Carrier (CF), which has three positions.

Input Control Signals.

a) SPR (spare) may be strapped either Normal or ON. In the N position SPR
is driven from pin 14 of the EIA interface; in the ON position SPR is held
active.

b) MK BSY (busy in) may be strapped either Normal or OFF. In the N position
MK BSY is driven from pin 25 of the EIA interface; in the OFF position it
is inactive.

c) RTS (ready to send) may be strapped Normal or ON. In the N position it is
driven from pin 4 of the EIA interface; in the ON position it is held
active.

d) DTR (data terminal ready) may be strapped either Normal or ON. In the
N position it is driven from pin 20 of the EIA interface; in the ON posi-
tion it is held active:

Output Control Signals.

a) DSR (data set ready) may be strapped either Normal or ON. In the N posi-
tion, pin 16 of the ASTRO drives pin 6 of the EIA interface. If DSR is
in the ON position, pin 6 of the EIA interface is held active.

b) CAR (carrier detect) may be strapped in one of three positions: N, CC,
or ON. If it is strapped N, pin 38 of the ASTRO drives pin 8 of the EIA
interface; if it is strapped CC, pin 16 of the ASTRO drives pin 8 of the
EIA interface. If it is strapped ON, pin 8 of the EIA interface is held
active.
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Figure 3-18. Activity Indicator Terminal Port Strap Locations
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c)

CTS (clear to send) may be strapped either Normal or ON. In the N posi-
tion, pin 5 of the EIA interface is driven by pin 4 of the EIA interface,
and CTS may be delayed. (The delay is described below.) In the ON posi-
tion, pin 5 of the EIA interface is held active.

RTS/CTS Delay.

a)

b)

A 22-ms delay is introduced in the RTS/CTS turnaround if CTS is strapped
N and Ull is strapped Ull- 12 to -5 (for the Jl channel) of Ull-1 to -16
(for the J2 channel).

No delay is introduced in the RTS/CTS turnaround if CTS is strapped N and
Ull is strapped Ull-6 to -11 (for the J1 channel) or Ull-2 to -15 (for
the J2 channel).

3.5.2.6.3 Clock Speed Strapping. System clock is supplied by the modem or by the

sync clock generator. Figure 3-18 shows the strapping positions used to select the

appropriate speeds.
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External Transmit Clock.

a)

b)

Synchronous transmit clock speeds are supplied internally by the
synchronous clock generator U22 on the port card. Figure 3-19 shows
the strap positions to select the appropriate speeds.

The J1 channel is strapped on platform Ul13, J2 on Ul5. The two channels
are identical so the figure serves to illustrate both. The signal at
ASTRO pin 35 also drives pins 15 and 17 of the EIA interface.

External Receive Clock.

a)

b)

Receive clock (DB) generated externally (usually by the modem) is provided
to ASTRO pin 34 by strapping the J1 channel Ul1-8 to -9, and the J2 chan-
nel Ull-4 to -1.

The signal at EIA pin 24 provides external transmit clock for the J1l
channel by strapping Ul1l-7 to -10, for the J2 channel by strapping
Ull-3 to -14.

External Receive and Transmit Clock from EIA Pin 24.

a)

b)

Both receive and transmit clock are provided by 1 channel EIA pin 24 by
removing the Ul3 strap and strapping Ul1l-7 to -10 and Ul1-8 to -9.

Both receive and transmit clock are provided by J2 channel EIA pin 24 by
removing the Ul3 strap and strapping Ul1l-3 to -14 and Ull-4 to -13.
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Figure 3-19. Clock Speed and Source Strap Locations
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3.5.2.7 CURRENT LOOP TERMINAL PORT - Option 6150

WARNING
Dangerous high voltage may be present at all 6000 INP
current loop port interfaces. INJURY TO SERVICE PER-
SONNEL AND DAMAGE TO EQUIPMENT may result unless the
following precautionary procedures are followed during

installation of ahy current loop port module.

3.5.2.7.1 Cabling Accessories. To prevent the mistake of connecting an EIA con-

nector to a current loop port, the male and female connectors have been exchanged.
The female is on the current loop cable, not on the card. The card connectors are

male.

The 40-inch cable, with a standard 25-pin EIA female connector at one end and
a terminal block at the other end, is shown in Figure 3-20. The EIA connector (of
which only five pins are active) plugs into the current loop port. The terminal
block at the other end of the cable mounts into a specially designed connector panel
which is available as an accessory. The terminal block provides a means of user

connectionvto the 6150.

The panel is designed to mount into vertical mounting rails at the rear of a
rack cabinet. It contains 16 slots into which current loop terminal blocks may be
mounted, allowing up to 16 current loop ports to be supported by one panel. Cabling
of current loop DTE's to the current loop panel, rather than the port, will eliminate

accidental connection of high current loop voltage to an EIA port.

3.5.2.7.2 Terminal Block Panel Covers.

WARNING
Install the protective cover over the terminal block panel
upon completion of any current loop port installation. The
cover protects operators and service personnel from the high

voltage present at the terminals.

The cover is held in place by several plastic spacers.

Avoid contact with terminals while installing the covers.
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TYPICAL CABLING CONNECTIONS
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WHEN BALANCE RESISTORS ARE USED,
CONNECT DTE XMT TO TOP TERMINAL
AND DTE Hi TO BOTTOM TERMINAL.

EIA CONNECTORS
TO PORT NEST

NOTE: A VARIETY OF METHODS MAY BE USED FOR
CURRENT LOOP PORT INTERCONNECTION.
THIS ILLUSTRATION PROVIDES ONLY A
TYPICAL EXAMPLE.

‘Figure 3-20. Current Loop Cabling Accessories
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3.5.2.7.3 Strapging.‘\Three jumpers per channel (see Figure 3-21) are located on
the current loop port module to allow selection of various operational modes for

the current loop channel. Each is described as follows:

One jumper is used to adapt the current loop module to the current that is
being supplied to the channel by the customer. Normally, a channel will be adjusted
for a 20, 40, 60 mA neutral loop or polar configuration; the customer provides the
dc power source and current limiting devices to supply these specifications. The
current loop module can be strapped to within +15% of any one of these parameters by
positioning a jumper across the appropriate pins. The current loop module can be
modified at the factory to accept any other ''special' current between 10 and 60 mA.
This accommodates customers which supply current different than the standards listed
above. This ''special" current loop module requires that the customer provide line

balance to within 10% of the '"special' current value.

The jumper labeled DATA allows the current loop module to accept either normal
data (SPACE = OPEN loop and MARK = CLOSED loop) or INVerted data (SPACE = CLOSED
loop and MARK = OPEN loop) from the data terminal.

The jumper labeled MODE is used to adapt the port module to either half-duplex
(HD) or full-duplex (FD) operation, according to customer requirements,

3.5.2.7.4 Connection to User. Cabling between a current loop port module and

associated data terminal can be connected in a variety of configurations according
to customer requirements. Figures 3-22 through 3-24 show the more common

configurations.

° Polar loop: see Figure 3-22
° Positive neutral loop, half duplex: see Figure 3-23

° Positive neutral loop, full duplex: see Figure 3-24

3.5.2.8 POWER SUPPLY STRAPPING AND CABLING. Figure 3-25 shows strapping and cabling
for the 6030 series INP's (one power supply) and between multiple power supplies of
the 6040 series. The terminal board shown has the ten connection points used in the

supply that has two 4-Amp fuses.

In all versions of the power supply, the logic ground (TB1-6) and earth ground
(TB1-7) are shipped strapped together, although the customer's application may

require the strapping to be removed.
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*SEE NOTE 2 FOR REQUIREMENTS OF BALANCE RESISTORS.

NOTES:

1. SET NORMAL/INV DATA STRAPPING ACCORDING TO CUSTOMER EQUIP-
MENT. FOR NEGATIVE POLAR OPERATION, COMMON IN ENGLAND,
AUSTRALIA AND ELSEWHERE, SET NORMAL/INV DATA TO INV.

2. BATTERY, CURRENT LIMITING, AND INDICATOR FUSES ARE NORMALLY
PROVIDED BY COMMON CARRIER. IF NOT, BALANCE RESISTORS MUST
BE INSTALLED TO LIMIT CURRENT ACCORDING TO CUSTOMER REQUIRE-
MENTS

3. FD/HD STRAPPING TO FD.

Figure 3-22. Polar Loop Operation
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*SEE NOTE 2 FOR REQUIREMENTS OF BALANCE RESISTORS.

NOTES:

1. SET NORMAL/INV DATA STRAPPING TO NORMAL.

2. BATTERY, CURRENT LIMITING, AND INDICATOR FUSES ARE
NORMALLY PROVIDED BY COMMON CARRIER. IF NOT, A
BALANCE RESISTOR MUST BE INSTALLED TO LIMIT CUR-
RENT ACCORDING TO CUSTOMER REQUIREMENTS

3. FD/HD STRAPPING TO HD

Figure 3-23. Positive Neutral Loop, Two-Wire Half-Duplex Operation
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*SEE NOTE 2 FOR REQUIREMENTS OF BALANCE RESISTORS.
NOTES
1. SET NORMAL/INV DATA STRAPPING TO NORMAL
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Figure 3-24. Positive Neutral Loop, Four-Wire Full-Duplex Operation
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Figure 3-25. Connections on 200-Watt Power Supply with Two 4-Amp Fuses

3.5.2.8.1 Ground Strapping. Check to see whether the grounds AA and AB (EIA pins 1

and 7) are strapped together in the INP and also in the trunk modem. Both pieces of
equipment are shipped with the straps in place because the straps are special and
may be difficult to obtain in the field. Strap either the INP or the trunk modem,
but not both.

3.6 INSTALLATION CHECKOUT PROCEDURES

After performing all internal cabling as shown in Figure 3-4A or 3-4B, verify
that all strapping is correct for the network configuration. If the equipment is

available, connect the network ports to the modems.
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NOTE
Before applying power to the system, pause to consider
that the firmware automatically boots the last booted
configuration. Since the last configuration may not
be known, the results may be unpredictable. It is better
to boot the null configuration after powering up the

system.

3.6.1 BOOTING THE SYSTEM

1. Turn the keylock to any position other than OFF and issue the command,
BOOT 5 ENTER.

An asterisk will appear on the self-scan display, indicating a mes-
sage in the queue.

2. Issue the command, EXAM A R ENTER. The message that appears should be:

CC (meaning configuration complete - this verifies communication
capability from the INP to the modem and back).

3. If the message was CC, go to step 4. If the message was DN, the network
port is down. Check all connections: NP cabling, NP and modem straps,
and modems. Then reboot. If BOOT 5 ENTER is not successful, try BOOT 6
ENTER to check the internal operation of the 6000. If BOOT 6 ENTER is
not successful, the problem is in the hardware, probably a TP. Call Codex
Field Service.

4. When CC is displayed, call the next message by the command, ENTER. The
display should be:

FA (meaning framing acquired). The network link control is receiving
good frames from adjacent nodes. Check the modem link, put remote
modems into loopback, and recheck. When all messages in the queue
have been displayed, the self-scan will display the message, EMPTY,

5. Once the system is running with BOOT 5, proceed to configure the

network.

3.6.1.1 DIAGNOSTIC BOOT: BOOT 6 ENTER. The Diagnostic Boot causes the local node
to load a null configuration with the local network port in local loopback. The

response should be - CC and FA (or FA and CC).
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Any other response, or the lack of a response, indicates a system failure. All
cabling and strapping should be checked, then the Diagnostic Boot command reissued.

If CC and FA messages are not received now, contact Codex Field Service.

A successful Diagnostic Boot permits configuration of the local node only, i.e.,

at the node at which the BOOT command was issued.

Once a configuration is loaded, checked, and booted successfully, diagnosing

individual port problems can be performed.

In order to examine a port's EIA interface signals, select the appropriate node

and port and issue the command:

(EXAM) (M) (ENTER)

This results in a display of all of the active EIA interface signals for the

specified port.

If DTR (CD) and RTS (CA) are not active, the local port's receiver and the
remote port's transmitter will not function. If DSR (CC) and CAR (CF) are not
active, the local port's transmitter will not function. If DSR and CAR are not
active, check the remote port's DTR and RTS signals. If they are not active, check

the terminal and the cable for a bad connection.

If all of the interface signals appear to be correct and data does not pass
correctly, check the system network configuration (characteristics, activity, trans-
mit data path, and receive data path) for end-to-end compatibility and consistency

with the terminals being used.

If further testing of a terminal port path is required, each terminal port can
be placed in either local or remote loopback. Select the appropriate node, port,

and configuration; then issue the following commands:

(CHNG) (A) (M) (ENTER)

(L) (ENTER) For local loopback.
or
(R} (ENTER) For remote loopback.
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3.6.2 REMOTE REBOOT OF THE SYSTEM

Setting the network port mode (M=) parameter to BT (boot) will cause the
adjacent node to boot the configuration that is active at the node requesting
the boot.

Setting the mode of the network port to BT permits NO2 to reboot NO1 (see
Figure 3-26). An NB (network port boot) message will be displayed on the self-
scan screen, and an NP boot sequence will be sent every 10 seconds as long as a
framing lost (FL) condition exists. After the first NP boot sequence, the NO2
mode parameter reverts to M=N (even,though‘the NP boot sequences continue to be
sent). NOl will then boot the configuration active at NO2, which subsequently

causes N02 to reboot the same configuration.

If a framing lost condition has occurred, set the adjacent NP's mode to BT.
The system should reboot almost immediately, using the currently running configu-

ration, e.g., the configuration at NO2.

Example:

(SEL) (N) (#) (#) (ENTER) (#) (#) = Number of the adjacent node.
(SEL) (P) (#) (#) (ENTER) (#) (#) = Number of the network port.
(CHNG) (A) (M) (ENTER) Change mode to BT.

(B) (T) (ENTER)

If, Node 1 has established communication with itself, the NP boot sequence

is sent only once since there is no FL (framing lost) condition (see Figure 3-27).

NOTE
Node 1 will NOT be rebooted by its own boot sequence.

NO will boot the configuration that is active at NO1, which subsequently
causes NO1 to reboot the same configuration.

If a frame lost condition has not occurred, but it is suspected that the
content of CO at one of the nodes is not correct, issue a BOOT 5 command, then set
the local node's NP mode parameter to BT. This should cause the remote node to
also boot C5. Once both nodes have C5 active, the content of the suspected

incorrect configuration memory may be examined and/or changed, then booted.
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ixample:
(BOOT) (5) (ENTER)

(SEL) (N) (#) (ENTER) #
(SEL) (P) (#) (#) (ENTER) #H
(CHNG) (A) (M) (ENTER)

(B) (T) (ENTER)

number of locol node,

number of NP.

NP NP

M=N AV M=BT

Figure 3-26. Network Port BT Mode (Remote Mode = N)

N-0 N-1

NP NP
M=L M=BT

U
h
Y

Figure 3-27. Network Port BT Mode (Remote Mode = L)
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3.7 INSTALLATION HINTS

3.7.1 GROUNDING THE SYSTEM

To eliminate the possibility of establishing a ground loop potential, all
communications equipment at each location should have both their signal grounds and
chassis grounds connected in series except at one point in the system, normally host

computer's the INP.

3.7.2 "DEAD" PORTS

In many cases a TP that fails to respond does not indicate a bad port. If the
TP card is removed while the system is operating, the software will cease to recog-
nize the port until a CHNG C S ENTER command is issued via the operator console or

CTP.

3.7.3 PRE-CONFIGURATION ACTIVITY

Before attempting to configure a new system, make sure that all configuration

parameters for that CMEM are "empty'. Use the following procedure.
SEL C 1 Or whatever CMEM is to be configured
ENTER Do it
CHNG E C E Change configuration to empty
ENTER Do it
1 Or whatever CMEM was selected above
ENTER Do it.
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CHAPTER 4
PRINCIPLES OF OPERATION

This chapter provides functional descriptions of both the software/firmware and
hardware of the 6030/6040 Intelligent Network Processors. It contains nonproprietary
background information of interest to persons who may perform maintenance/service on

the equipment.

4,1 MOVEMENT OF DATA WITHIN THE INP

Two types of data are handled within the INP software system: (1) external
data received from a terminal port, and (2) internal control information passed

between software modules residing in the same or different nodes.

4.1.1 EXTERNAL DATA MOVEMENT

Movement of external data through the node from NP to TP or TP to NP, is
bidirectional with each direction being processed independently. The processing
performed for each direction is described below and the data movement is shown in

Figure 4-1.

4.1.1.1 TERMINAL PORT TO NETWORK PORT. Processing of data for this direction begins
when a character from the terminal is received by the terminal port, resulting in a

hardware service request being generated.

When a processor becomes available, the hardware service request is picked up,
and the processor dispatches the request to the terminal port driver. This software
module processes the character according to the type of port. Checks are made for
parity, overrun, and framing errors. Checks are also made for changes in control
signals. The character or control signal change is then placed into the port's TP-
to-NP buffer.

The transmit driver of the network port operates asynchronously with respect to
the terminal port driver. When the network port's built-in FIFO requires more data,
a hardware service request is generated. When a processor again becomes available,
the service request is dispatched, this time to the software module that handles the

network port, the network port control module (NPCM).
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The software module continues to build and transmit frames. It also saves a
copy of the frames queued-up in buffers in case retransmission is required. During
the transmission of each frame, each of the terminal port buffers is checked to
determine if it is empty. If a buffer is not empty, the data is removed one byte at
a time, encoded, and transmitted. The maximum number of characters transferred for

a particular terminal port is specified by the slot weight of the terminal port.
P P P y P

At the end of each frame the network port driver checks the ACK/NAK information
received from the other node. It deletes any ACKed frames from its retransmit
queue, but if a NAK indication is received it starts with the first frame in the
retransmit queue and retransmits all of the frames on the queue beforé sending the

next frame.

4.1.1.2 NETWORK PORT TO TERMINAL PORT. Processing of data in this direction begins
when data from the frame enters the network port receiver FIFO buffer, causing a
hardware service request to be generated. The hardware service request is dispatched

to the network port receiver driver when a processor becomes available.

The network port receiver driver then removes the data from the FIFO and decodes
it before placing it into a frame buffer. When the entire frame is received the
error check code is checked to determine if an error occurred. If an error did
occur, the frame is thrown away and a NAK indication is passed to the network port's
transmit driver which will transmit it to the remote node in next frame sent. If no
error occurred, the frame buffer is passed to the distribution module which is

started (if it isn't already running).

The distribution module distributes the data to the proper NP-to-TP for each
terminal port. It also starts the terminal port driver for each idle port for which
it has data. Otherwise the driver will be started by a hardware service request from

the terminal port when transmission of the current character is complete.

When a processor becomes available it picks up the terminal port's service

request, removes one character from the buffer, and outputs it to the terminal port.

4.1.2 INTERNAL CONTROL INFORMATION

Because control information is distributed to many nodes throughout the network,
a method is required to allow an operator to access any node from a single Operator's
Console or Control Terminal Port. This is done using a built-in packet-switching

system.
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When a user requests information via the Operator's Console, a packet is built
containing both a source address and destination address. Each address consists of
a node number and the number of the software module that will process the packet at

the destination node.

The packet system is designed to route the packets around links or nodes that
have failed. Each frame transmitted by a network port has a slot reserved for the
packet system. This slot may be empty or it may contain a packet. When the packet
is received at the next node it is either routed to the terminal port in that node

or forwarded to another node via another NP until the destination node is reached.

If the packet requires return information, a return packet is generated with
the original source as the destination. When this packet is received, the informa-

tion is then displayed for the user.

4.2 DATA COMPRESSION

Data is compressed to increase throughput by reducing the number of bits to be
transmitted between nodes. This is done in two ways: (1) by converting uniform-
length code characters (ASCII, EBCDIC, and Transcode) into variable-length codes
that have shorter average lengths, and (2) by stripping overhead bits from the

message. This section deals with the first method.

The basis for assigning a short or long code to a character is the frequency
with which that character occurs in the text to be transmitted. In English text,
characters such as space, e and t may be assigned 4-bit codes, while infrequently-

used characters may have codes up to 14 bits in length.

Variable length coding leads to reductions of 50 to 60 percent in the link
loading, although achieving them carries a penalty of extra processing steps at each
end of the link: encoding at the transmitter to compress, and decoding at the

receiver to restore them to standard characters.

Sending coded characters serially as a continuous stream of bits poses a prob-
lem of how the receiver can recognize the start of each character. This is achieved
by the code structure. In it, no character can be the prefix of another character,
so the beginning of each character is implicit in the code and no extra information

is needed to separate the characters.



- 4,2.1 CODE SET WITH COMPRESSION AND PREFIX PROPERTY

As an example, consider a code set that has only four characters, A, B, C,
and D, each of which has a known probability of occurrence, as shown in Table 4-1.
Suppose half the characters actually transmitted were A's and one fourth B's, and
one eighth were C's or D's. An appropriate variable-length code would map these

characters into a code set as follows:

TABLE 4-1. SAMPLE COMPRESSION CODE

Probability Compression
Character of Occurrence Code Length, Bits
A 1/2 0 1
B 1/4 10 2
C 1/8 110 3
D 1/8 111 3

As a result, the average number of bits sent per character would be the sum of

the products of character probabilities times the bit length for each character:
(1/2) 1 + (1/4) 2 + (1/8 + 1/8)3 = 1-3/4

which is 12.5% less than the 2 bits per character that would be obtained by uniform
code. With larger alphabets and wider spreads of frequencies, greater savings can

be obtained; 30% increases in efficiency are typical.

There is no problem in decoding such a code, despite the variable lengths,
because the code has the prefix property that no codeword is the prefix (first part)
of any other codeword. Thus, there is only one possible way that an arbitrary string
of bits can be deciphered. The reader can verify that by writing a string of random

1's and 0's, and using the code table above to encode them. For example:
01100101111000... decodes as ACABDBAA..

A channel error may cause a short loss of synchronization as well as a char-
acter error, but in that case the error control system retransmits all the affected

characters.

An additional advantage of the variable-length coding is that the transmitted
characters are in a form which is extremely difficult to interpret without the
applicable coding table, so a high degree of inherent data security and privacy is

attained.
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4,2.2 CODE TABLES

Two coding tables are provided as standard. Special coding tables for customers
with unique applications can also be provided. A standard code table for typical
ASCII terminals with parity allows compression of USASCII codes. Typically, com-
pression ratios of 1.2:1 to 1.4:1 are obtained. A second code table is designed for
2741-type terminals. The third, obtainable as a special order, is for EBCDIC. The
code table to be used for each port is specified by the operator as part of that
port's configuration information.

An additional feature of the encoding process is that start/stop bits are
stripped from asynchronous communication, providing an increase in efficiency of
approximately 30%.

The compression efficiency statistic is defined as the number of bits input by
the source terminal, divided by the number of bits transmitted to the adjacent node.
Code type 3, ASCII code compression, results in an average compression efficiency of
7/5.2 = 1.3, while code type 5, 2741 Correspondence code compression, results in a
compression efficiency of 6/5 = 1.2. Special compression tabies should result in
greater compression efficiencies.

For asynchronous traffic, compression efficiencies are the result of stripping
start/stop bits, and of code compression. For ASCII, this results in a factor of
(1.3) (1.3) = 1.7, and for 2741 correspondence a factor of (1.3) (1.3) = 1.7.

When using data compression, compression efficiency should be monitored via
Option 6301, Network Monitoring and Statistics. A low value (near or at 100%) indi-
cates a need for a different table.

The characteristics of codes used in systems running under S47 level software
are shown in Table 4-2. The characteristics of codes used with S49 software are
identical except for Code 5, which no longer is used for 2741 Correspondence. S49-
applicable codes are shown in Table 4-3. Note that only code types 3 and 5 have non-

uniform codeword lengths.
The following are comments on Table 4-2, codes used with S46 and S47 software.

Code Types 0 and 1 contain 256 different combinations and may be used for codes
with 8 data bits including parity which is stripped/inserted at the TP.
Code Types 2 and 3 contain 128 different combinations and may be used for codes

with 7 or 8 data bits including parity which is stripped/inserted at the TP.



TABLE 4-2. CODE TYPE CHARACTERISTICS (S47 SOFTWARE)

Code
Type

Uses

Compres-
sion

No. of Data Bits
(including
parity* if any)

Control Char List
(applicable only
to BSC terminals)

a. BSC ASCII

Any S/S terminal with
8 or less data bits

c. Autospeed terminal if
it cannot use 2

None

8 or less

ASCII

BSC EBCDIC

None

8

EBCDIC

a. BSC ASCII with no
transparency

b. Any S/S terminal

using 8 data bits
with parity, e.g.,
ASCII

c. Any S/S terminal
using 7 or less
data bits

d. Autospeed terminal
with 2b 2¢ charac-
teristics

None

8 with parity,
otherwise
7 or less

ASCII

ASCII with parity
(S/S or BSC with
no transparency)

Standard

8 with parity

ASCII

a. BSC Transcode

Any S/S terminal
using 7 data bits
with parity, e.g.,
2731

c. Any S/S terminal
using 6 or less
data bits

None

7 with parity
otherwise
6 or less

Transcode

2741 Correspondence

Standard

7 with parity

a. Any S/S terminal
using 6 data bits
with parity

b. Any S/S terminal

using 5 or less data
bits, e.g. Baudot

None

6 with parity
otherwise 5 or
less

7 on

Custom Applications

As speci-
fied

As Specified

As Specified

*Parity odd even mark none or space for AP; odd even none or space for SP
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TABLE 4-3.

CODE TYPE CHARACTERISTICS (S49 SOFTWARE)

Code
Type

Uses

Compres-
sion

No. of Data Bits
(including
parity* if any)

Control Char List
(applicable only
to BSC terminals)**

BSC ASCII

Any S/S terminal
with 8 or less
data bits

Autospeed terminal
if cannot use 2

None

8 or less

ASCII

BSC EBCDIC

None

8

EBCDIC

BSC ASCII with no
transparency

Any S/S terminal
using 8 data bits
with parity, e.g.,
ASCII

Any S/S terminal

using 7 or less
data bits

Autospeed terminal
with 2b/2c charac-
teristics

None

8 with parity;
otherwise, 7
or less

ASCII

ASCII with parity
(S/S or BSC with
no transparency)

Standard

8 with parity

ASCII

BSC Transcode

Any S/S terminal
using 7 data bits
with parity

Any S/S terminal
using 6 or less
data bits

None

7 with parity;
otherwise 6 or
less

Transcode

Any S/S terminal
using 7 data bits
with parity

Any S/S terminal
using 6 or less
data bits

None

7 with parity
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TABLE 4-3. CODE TYPE CHARACTERISTICS (S49 SOFTWARE) (CONT)

No. of Data Bits Control Char List

Code Conpres- (including (applicable only
Type Uses sion parity* if any) to BSC terminals)**
6 a. Any S/S terminal None 6 with parity;
using 6 data bits otherwise, 5 or
with parity less

b. Any S/S terminal
using 5 or less
data bits, e.g.,
Baudot

7 on| Custom Applications As speci- | As specified As specified
fied

*Parity = odd/even/mark/none or space for AP; odd/even/none or space for SP.
**Garble characters produced by incorrect parity are " (ASCII); X or x (2741
Correspondence); ? or / (2740 EBCD).

Code Type 3 is the standard ASCII compression table. This table has the
following Huffman code length distribution:
1 3-bit codeword, 14 5-bit codewords, 33 7-bit codewords, 2 8-bit codewords
and 87 9-bit codewords

Code Type 4 contains 64 different combinations and may be used for codes with

6 or 7 data bits including parity which is stripped/inserted at the TP.

Code Type S5 contains 64 different combinations, and is used with 7 data bits

including parity. The parity bit is stripped/inserted at the TP.

Code Type 6 contains 32 different combinations and is used for Baudot code of
5 data bits or other codes with 6 data bits including parity which is stripped/
inserted at the TP.

Appendix E contains listings of the character sets for the codes, the hex codes

for the characters, and the length in bits.

4.2.3 GARBLE CHARACTER

The garble character provides a primitive form of error detection when a start/
stop terminal inputs a character with an error. The garble character is generated
in the transmitting node when one of the following three errors occurs: (1) If there
is a framing error because no stop bit is input at the end of a character, (2) if
there is an overrun error because a new character is input before the terminal port
has processed the previous character, or (3) if there is a parity error because the

parity for a character does not match the parity for the configured code type.
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When an error occurs, the terminal port throws away the bad character and
replaces it with the garble character. The garble character is a valid data char-

acter, so it is passed over the link and through the destination node to the
terminal.

The garble character sent is: " for ASCII,

X or x for 2740 Correspondence, or
? or / for 2740 EBCDIC.

When the destination terminal receives a garble character, the operator there
must observe it and manually ask the transmitting terminal for a retransmission,

using Option 6323, Supervisory Communication Support, if available.

4.2.4 CUSTOM DATA COMPRESSION TABLES

Codex provides special data compression tables for customers whose messages use
a unique character set or whose standard character set has a nonstandard frequency

distribution.

Special tables are handled on a RPQ basis. The customer must provide a listing

of his character set and the associated frequency distribution of its characters.

To facilitate the processing of customer-provided information in generating
custom compression tables, the following standard format is used for the customer-
submitted data: The code (ASCII, EBCDIC) is listed in ascending order (00 through
FF), with the corresponding probability of occurrence of each character calculated

to 4 decimal places.

Any other information such as raw character counts and printable graphics is

helpful, but not required.

4.2.5 TRANSMIT FRAME CONSTRUCTION

Figure 4-2 represents the construction of a transmit frame by the software
module called the network link control module. Four terminals generate characters
and input them to terminal port buffers. At the moment depicted, terminals 1 and 4
are inputting at a rate that keeps their buffers nearly full. Terminal 2 is

inputting slowly and terminal 3 is temporarily inactive so that no buffer space is
assigned to it.
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When the network port needs data for transmission, the network link control
module takes uniform-length characters from the buffers, processes and code-com-
presses them, and proceeds to construct a transmit frame with them. It cycles in
sequence through the terminal buffers, removes from each buffer the maximum number
of characters allowed, and places those characters in a dedicated slot in the frame.
The maximum number of characters that may be taken from any buffer is called the

slot weight, and is a definable characteristic of the terminal.

In the figure, the slot weight is represented by an opening in each buffer,
through which the allowed number of characters is removed. The characters are
removed one byte at a time, encoded, and then simultaneously are transmitted and

copied to a retransmit buffer for possible later transmission.

Compression of uniform-length characters is represented by the shortened
(variable-length) codes in the transmit frame. A short idle code fills the slot
assigned to the inactive terminal, and another terminates the partially-filled slot

for terminal 2.

Frames in the transmit buffer are of varying lengths. At the bottom of this
buffer a returned acknowledgement causes the dropping of the corresponding frame from
the buffer. If there are previously transmitted but unacknowledged frames in the

buffer, they are dropped too.

4-12



CHAPTER 5
DIAGNOSTICS

5.1 INTRODUCTION

The procedure followed in troubleshooting and diagnostics of hardware failure
is to verify that a fault is not in the operating procedure, therefore it must be
in the hardware. The next move is to isolate the problem to a specific board, to
replace the faulty board, and to verify satisfactory operation. The diagnostics do

not verify or check operation of the software.

Apart from the simple external problem arising from failure to apply line power
to the INP, most hardware failures can be pinpointed by use of the diagnostic ROM.
This is a standard INP ROM with specially-designed chips for testing hardware that
operates under any software release up through S47 (Option 6450) or S49 (Option
6451).

The diagnostic ROM is installed in either of the ROM slots in the mainframe,
after both standard ROMs are removed. It checks only the hardware of the node in

which it is installed.

The tests fall into two groups: (1) preliminary, which run automatically when
the INP is started up, and (2) the main diagnostics, which must be called for
specifically, either by individual test or by groups or families of tests that check

the various functions of a particular type of module.

All communications with the INP employ the operator's control panel. Inputs
are made on the keypad and outputs are displayed on the self-scan and/or the mode
lamps, the processor ID lamps, and the processor status lamps. The diagnostics can-

not be executed from a control terminal port (CTP).

Hardware failures are indicated by either an error message on the self-scan
or by abnormal termination of a diagnostic test. In either case, the card under
test is identified as "suspect'. Where there are multiple cards of a type, the

failure can be pinpointed to a specific card by card swapping.

A recommended troubleshooting sequence is to get the mainframe going first, then
the port nests. In checking the mainframe, start with the option card and one proc-
essor, MCl and MC2, one RAM, and the diagnostic ROM.
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5.2 OPERATION

This section presents the operating procedures step by step. A summary of the

procedures appears in Section 5.2.8.

5.2.1 STARTUP PROCEDURES

The startup procedures for INPs with and without operators consoles differ

only slightly.

5.2.1.1 6000's WITH OPERATOR CONSOLE

a. Turn off the ac power.

b. Remove all ROM boards (see Figure 5-1).

Install diagnostic ROM card in any of the ROM slots.

Verify that the RAM cards are in slots adjacent to each other.

e. Turn keylock to DIAG. The self-scan display momentarily displays:

(g]

0-:SH2:00:01 DIAGNOSTICS REV:11

and the sequence described in Paragraph 5.2 follows immediately.

NOTE
If the machine starts up normally, but will not start with
the diagnostic ROM in place, there may be a defective RAM
chip. Section 5.6 describes this problem and its

solution.

5.2.1.2 6000's WITHOUT OPERATOR CONSOLE

a., Turn off the ac power.
b. Connect the portable operator console as follows:
1. Insert the ribbon cable into the receptacle behind the flip-up door
on the front panel.
2. Connect the dc power cable to either connector or the power supply.
Remove all ROM cards (see Figure 5-1).
Install the diagnostic ROM card in any of the ROM slots.
e. Verify that the RAM cards are in slots adjacent to each other.

0-:SH2:00:01 DIAGNOSTICS REV:11

and the sequence described below follows immediately.



Figure 5-1. ROM Card Location

5.2.2 PRELIMINARY DIAGNOSTIC TESTS

A sequence of preliminary diagnostic programs is executed automatically after a
power up or a preemptive BOOT has been entered by the operator. These programs must
run to completion to ensure minimum functionality of the INP. If necessary, replace

defective boards until this point has been reached.

The preliminary tests are described in the next five paragraphs.

5.2.2.1 PRELIMINARY ROM TEST (TSC = 01). The contents of the diagnostic ROM card

are checksummed and compared to the prestored correct value.

5.2.2.2 PRELIMINARY PROCESSOR RUN-HALT TEST (TSC = 02). The master controller
verifies that all processors except processor 0 are halted. The number of processors
which can be selected is displayed for operator verification. If the number of proc-

essors is incorrect, the processors that can be counted can be found by displaying
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location E3. To do this, use the MEM preemptive function (see Section 5.2.5). A
bit is set in that byte corresponding to each processor that is present; e.g., loca-

tion E3 = 5 means processors 0 and 2 are present. Press GO to continue.

5.2,2.3 PRELIMINARY RAM DIAGNOSTIC TEST (TSC = 03). The highest memory location
which responds is located and displayed for operator verification. The display for
16K memory should be 3FFF; and for 32K memory, 7FFF.

CAUTION
The RAM modules must be in adjacent slots, or the diag-

nostic may not locate the high addresses.

Press GO to continue. The basic functionality of memory locations X'20' through
X'2F' and X'80' through X'7FF' is verified. More extensive memory testing is per-
formed by programs in the main diagnostic system. While the RAM test is running,

random text appears on the self-scan. Ignore it.

5.2.2.4 TP AND NP COUNT VERIFICATIONS (TSC = 04). The operator is asked if TP tests
will be executed with any TP's running at a special speed. Press ENTER if no, press
CLEAR if yes. If the response is yes, further information will be asked at the

beginning of the first applicable TP test that is executed.

Next, the number of NP's that respond is displayed: Press GO to continue.

Then, the number of TP's that respond is displayed: Press GO to continue.

The NP's and TP's that respond can be determined by examining, with the MEM
preemptive function, the I/O map that begins at location 1000. Location 1000 plus
the TP address will equal 1 if a TP is present. Location 1000 plus the NP address

plus 2 will equal 2 if an NP is present.

5.2.2.5 PRELIMINARY FRONT PANEL DIAGNOSTIC TEST (TSC = 05). Test TSC = 05 requires
operator intervention to complete. Check the text displayed on the right half of
the self-scan (see Table 5-1) and push the CLEAR key to continue the test.

Next press all 18 keys in the sequence 0, 1, - - -, E, F, ENTER, CLEAR. The
keys are echoed back to the self-scan as they are pressed, with [ENTER] being echoed
for ENTER. If the correct sequence is not followed, no character will be echoed and

the diagnostic program will wait for the expected key to be pressed.
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TABLE 5-1. TSC = 05, SELF-SCAN DISPLAYS

Text Displayed and To Be Checked Operator Action
@ A B CDETFGHTIUJIKIULMMNDO | Press CLEAR
P QR ST UV WXY Z [~ ] Press CLEAR
P4 8 % ¢ () * + , - 0y Press CLEAR
01 2 3 456 789 : ;<= > Press CLEAR

When the front panel test is thus completed, the display is:

0-:SH2:00 TSC(1): 7F/

5.2.3 SELECTION OF TEST SEQUENCE CODE (TSC)

The TSC(1):7F/ display signifies that the system is in the '"command mode", which
allows selection of the test sequence(s) the system will execute, as defined by the
Test Sequence Code (TSC). The diagnostics will execute all defined test sequences,
in order. When control is returned to the operator, all test sequence definitions,

except TSC(1), are erased if the preemptive control mode interrupt is used.

The diagnostics permit programming of up to 15 test sequences defined by TSC(1),
TSC(2), - - - TSC(F). Each TSC may define:

A single test; e.g., enter digits 1 and 2 for test No. 12.

A group of tests; e.g., enter hex digits 1 and F, whereby F indicates all
tests in group 1-. (Section 5.2.8 shows tests singly and by groups.)

c. All groups, all tests: enter hex digits FF, where the first F indicates
all groups and the second F all tests within each group.

d. All tests No. 1 in all groups: enter hex digits F and 1. This is a quick
test of the basic functions of all groups.
NOTE
All the following tests must be selected separately:

1. Off-line configuration memory tests 37, 38, 44, and
45. (Tests 37, 38, and 44 may change CMEM; Test 45
will change CMEM.)

TP tests in the 7F and 8F series.
3. NP reboot test 67.
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To define a TSC the operator inputs:
Hex digit Hex digit ENTER

See Section 5.2.8 for the list of main diagnostic tests. The self-scan echoes
the two digits. Pressing the ENTER key causes the diagnostics to accept the next
TSC; the display will be:

TSC(2):00/

If no more TSC selections are required, pressing the CLEAR key once causes the
self-scan to indicate TSC(1):nn/, where nn is the TSC(1) mode. The remainder of the
programmed TSC's may be checked by repeated use of the ENTER key. A TSC definition
can still be changed at this time. Pressing the CLEAR key in the TSC(1l) mode causes

a transition to the TCC mode. The self-scan will be:

INPUT TCC:

5.2.4 SELECTION OF TEST CONTROL CODE (TCC)

The test control code consists of three characters which specify the action to
be taken at the end of the test sequence or when an error is detected, followed by
an ENTER.

a. Character 1: Specifies the action to be taken during and at the end of
the test sequence. Three codes are acceptable:
R - At the end, restart the test sequence again.
S - At the end, stop and return to operator control.

W - At the end of each individual test wait; continue when GO key
is pressed.

At the end of the entire test sequence, stop and return control
to the operator.

The test control return messages depend on the choice of character 1.
R - The self-scan displays (in hexadecimal) the number of auto
restarts that have occurred.
AUTO RESTART #0001

S - The diagnostics return control to the operator after the pre-
viously selected test sequences are completed and displays:

TSC(1):nn/
W - The system waits after each test and displays:
** CTRL WAIT **
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This display remains on the self-scan during all tests following

the first selected test. If CTRL WAIT is displayed while the PGM

mode indicator is 1lit, the test sequence is still in progress. The

end of the test sequence is indicated by a 1it MON mode indicator. Now,
pressing the GO key causes control of the diagnostics to return to the
operator. The WAIT function allows the operator to examine the results
of the test internally by using the MEM command.

b. Character 2: Specifies whether a test should halt or not when an error
is detected. Two codes are acceptable:

H - Halt (pushing GO key resumes running).

N - No Halt (except for error message 990 - spurious processor
restart).

c. Character 3: Specifies how to resume testing after an error is detected.
Eight codes are currently acceptable:

0 - Continue with test.

1 - Go into tight loop around that portion of the diagnostic program
which failed. It will continue to loop as long as the error is

detected.
2 - Rerun the diagnostic test that failed (after ENTER is pressed).
3 - Rerun the complete test sequence (after ENTER is pressed).
4 - Run the next test in sequence (after ENTER is pressed).
5 - File the error data and continue the test. (Used only with RN5.)
61-
2 Return to operator control

When the TCC selection has been completed, the diagnostics immediately execute
the selected test sequences. The left 14 positions of the self-scan indicate the

current state of the diagnostics, formatted as follows:

1 14 32

L—rsc— L—r1cc— TE— L_tond Reserved for —
1. Echo of input keys

2. Messages from
Diagnostic
Test Programs

NOTE
Hex F displays as - .

* Message waiting flag. The asterisk will be displayed when two or more processors
have a message to be displayed. Pressing the ENTER key clears one message and
causes the next message to be displayed. When the last message is displayed, the
asterisk will disappear and the word EMPTY will appear.
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TSC
TCC

TE

TCN

Currently executing Test Sequence Code.

Test Control Code.
NOTE

When inputting TCC, if the operator wishes to use the
- TCC that is displayed, ENTER is pushed.

Total number of errors detected during the current (or last) test
sequence. (2 digit hexadecimal counter which overflows to a count of
X'F0'.)

Number of the test which is currently running.

5.2.5 PREEMPTIVE CONTROL MODE

The preemptive control mode allows the operator to interrupt the diagnostics

to change the test sequence in progress, or to examine or change the contents of

memory .
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The preemptive control mode is entered by performing the following actions:

a.
b.

C.

With the keylock switch in MON or PGM position, press any key.
Turn the keylock switch to DIAG.

Press the desired preemptive function key.

The preemptive functions that can be activated are:

Key
BOOT

CTRL
STEP

HELP

MEM

Action
Reboot diagnostics - reexecutes preliminary diagnostics (TSC = 01
through 05).

Terminate current test and return control to the test operator.
(This skips preliminary diagnostics.)

Terminate current test and proceed to the next test in the current
test sequence.

Display current program counter and current stack pointer. Add
X'17' to the stack pointer to get the program stack pointer. When
CLEAR key is pressed, proceed to the MEM preemptive control function.

Examine, and optionally change, the contents of a memory location.
ADR:

ADR: nnnn mm/

Prompt for address

Prompt for change nnnn
mm

memory address (in hex)
contents of memory
(in hex)

CLEAR key

Terminate and proceed to the GOTO preemptive
control function or enter new address or enter
new value.



GOTO Start execution at the address provided by the operator via the key-
board. If no address is entered (e.g., CLEAR key is pressed), resume
previous state before entering the preemptive control mode.

EXAM Examine (and optionally change) the off-line configuration memory.
Examine the option PROM. (Functions similarly to MEM above.)

DIAG Examine the error file created if in RN5 TCC mode. The error file
display is as follows:

RECORD No./ERR(error) No./X REG/A REG/B REG/RST(restart)No./TEST No.

Press ENTER to examine the next file entry. The record number will
not advance if the present record number is the last.

Press any key except ENTER or CLEAR, then press ENTER to examine the
previous record.

Press CLEAR to continue the test that was interrupted.

For TP and NP errors, the lower two digits of the X register are the
address of the failed port. A preemptive BOOT or CTRL clears the
error file.

SEL Selects the next processor for panel display. Used in special data-
gathering procedures.

5.2.6 RETURN TO NORMAL OPERATION

When all diagnostic tests run with no failures indicated, return to normal
operation. Turn off the ac power, then remove the diagnostic ROM card and replace
all firmware ROM cards. The ROM cards can be placed interchangeably in the access

ROM card slots. Then turn on the ac power.

5.2.7 S46 AND S47 CHECKSUMS

One last item remains to be verified: the checksum of the firmware on the ROM
cards. The checksum procedure verifies that the contents of the installed firmware
agrees with that installed initially by Codex. The procedure for obtaining the
checksum is:

Operator Action Resultant Display

a. Press any key when system
is in PGM or MON mode -

b. Turn keylock switch to DIAG -

c. Press CTRL key CTRL

d. Press RSET key CKSM FROM

e. Enter: 8000 ENTER CKSM FROM 8000 TO

f. Enter: FFFF ENTER CKSM FROM 8000 to FFFF
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After a few seconds delay CKSM FROM 8000 TO FFFF XXXX

(where XXXX represents the checksum
in hexadecimal)

The correct checksums for software currently in the fild are:

Release:

Revision
46.02
46.03
46.04
47.02
47.03
47.05

8000 to 8000 to C000 to
FFFF BFFF FFFF
COC5 32D3 8DF2
A409 2988 7B51
94B6 2988 6B2E
9E42 D31D - CB24
6A76 D630 9445
3CCs D377 694D

If the checksum obtained in the test is not correct, replace one or both firmware

ROM cards until it is correct.

5.2.8 S49 CHECKSUMS

There are four ways the S49 checksums can be computed and displayed:

(1) compute and display the main software area once, (2) same as 1, plus compute

and display continuously,

once, and

each is presented below.
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(3) compute and display the specified area checksum

(4) same as 3, plus compute and display continuously. The procedure for

NOTES ON THE DISPLAYS

1. Addresses are 5-digit hex numbers. If a 4-digit number
is entered, pressing ENTER will prefix 0 to the address.

2, TO in an address range is abbreviated to "T'".

3. If a continuous display is ordered, the machine is deaf

to commands while it is computing, so CLEAR has no effect
unless pressed between computations.

The following specific addresses will display a checksum of 0000:

Address

8000 to 8FFF

18000 to 193FF
18000 to 18BFF
19000 to 193FF

Contents

Code table.
High bank ROM, including both of below.
Supervisory control port.

Logging control terminal port.



as will the following general form:

RSET, ENTER, ENTER or RSET, ENTER, C, ENTER

which addresses the software area between the variable low address and the high

address BFFF. This is a convenient form that eliminates the need for knowing the low

address for each system configuration.

Any other specific address will display a hex 5-digit address.

If the checksum obtained in the test is not correct, replace on or more ROM

boards until it is.

5.2.8.1 ONE-TIME DISPLAY OF MAIN AREA CHECKSUM

Operator Action

Turn keylock to PGM.
Press SEL, CTRL, ENTER.
Press RSET, ENTER, ENTER.

5.2.8.2 CONTINUOUS DISPLAY OF MAIN AREA

Operator Action

Turn keylock to PGM.
Press SEL, CTRL, ENTER.
Press RSET, ENTER, C, ENTER.

Resultant Display

PGM light on.
CTRL

Computed main area (less code table) check-
sum displayed once. If there is no error,
the checksum is 0.

CHECKSUM

Resultant Display

PGM light on.
CTRL

Computed main area (less code table) check-
sum is displayed, and a continuously com-
puted checksum is displayed beside original
checksum. If there is no error, the check-
sum is O.

The process stops if the checksum is ever found to change, or if the user

presses CLEAR.
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5.2.8.3 ONE-TIME DISPLAY OF SPECIFIED AREA CHECKSUM

5.2.8.4 CONTINUOUS DISPLAY OF SPECIFIED

5.2.9 SUMMARY OF DIAGNOSTIC OPERATION

1.

2.
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Operator Action

Turn keylock to PGM.

Press SEL, CTRL, ENTER.

Press RSET.
Press AAAA, ENTER.
Press BBBB, ENTER.

Operator Action

Turn keylock to PGM.

Press SEL, CTRL, ENTER.

Press RSET.
Press AAAA, ENTER.
Press BBBB, ENTER.

C ENTER.

Resultant Display

PGM 1light on.

CTRL

CKSUM FROM

CKSUM FROM AAAA TO

CKSUM FROM AAAA TO BBBB - value.

AREA CHECKSUM

Resultant Display

PGM light on.

CTRL 1light on.
CKSUM FROM

CKSUM FROM AAAA TO

CKSUM FROM AAAA TO BBBB - value. The
first-computed checksum is displayed. It
should agree with .the value in the check-
sum listing.

CKSUM FROM AAAA TO BBBB - value - value.
The checksum is computed continuously and
displayed beside the original.

The process stops if the checksum is ever found to change, or if the user
presses CLEAR.

Install diagnostic ROM module in place of customer's ROM's.

Preliminary Tests.

Initiated by power up of system.

TSC = 01, Preliminary ROM Test.
c. TSC = 02, Preliminary Processor Run-Halt Test: verification of number of
processors.

d. TSC = 03, Preliminary RAM Diagnostic.
TSC = 04, TP and NP verification.
TSC = 05, Front Panel Diagnostic.
1. Text displayed @ ABCDEFGHIJKLMNO CLEAR
2. Text displayed PQRSTUVWXYZ[~]{} CLEAR



3. Text displayed !"#$%&()*+,-./ CLEAR

4, Text displayed 0123456789:;<=>? CLEAR
5. Text displayed 04:SH2:00:04 Keys =
Press keys in sequence 0 — F ENTER CLEAR

Select Test Sequence Code.
In the following, Kn means the nth digit to be displayed or entered.

Display: 0-SH2:00 TSC(1) :nn/

Action: K1 K2 ENTER

K1 = Test Group K2 = Test within group

F entered will display as - (dash); it means all tests are to be run.

(FF = all groups, all tests)

Select Test Control Code.

Display: K1 K2 :SH2:00 Input TCC:
Action: K3 K4 K5 ENTER

K3 = action taken at end of test

K4 = action on receipt of error

K5 = mode of continued execution after error

Pressing ENTER initiates execution of selected test:
Display: Kl K2 : K3 K4 K5 :00:XX

XX = current test being executed
Preemptive Control Mode: entered if transition to diagnostic mode is detected.

Action: a. Turn keylock switch to MON or PGM, press any key.
Turn keylock switch to DIAG, press a functional key:
BOOT - Reboot diagnostic system.
CTRL - Terminate current test and return to controller.
STEP - End current test, advance to next test.
HELP - Display current program counter and stack pointer.
MEM - Examine, and optionally change, contents of memory location.
GOTO - Start execution at address entered via the keyboard.

EXAM - Examine, and optionally change, contents of locations in
the off-line configuration memory.

DIAG - Examine the error file if in RN5 TCC mode.
SEL - Select the next processor for the panel display.
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5.2.10 MAIN DIAGNOSTIC TESTS

Table 5-2 shows the main groups of diagnostic tests used with both S46 and S47,
and also S49 software. Tests that do not apply to all are marked ' for S46 and S47
only, or * for S49 only.

TABLE 5-2. MAIN DIAGNOSTIC TESTS

Approx. Run
1- RAM Group Diagnostics Time, sec. Remarks
11 Random data 18 Per 16K RAM
12 Random address 32 Per 16K RAM
13 Lock byte
14 Base register, base register select, - 4
data spaces
15 Base register, base register select, 4
data spaces
*16 Memory refresh -
*17 Level queues 12
*18 | Level queues 2
2- M6800 Processor Group Diagnostics
21 Run-hault-reset 2 Per processor
23 Base register, base register select, 5 Per processor
data spaces
24 Task dispatches and suspends 10 Per processor
25 Multiprocéssor start 3
*26 Queued task interrupts 28
*27 Real-time clock 66
3- Master Controller Group Diagnostics
31 Run-halt-reset 3 Per processor
32 Real-time clock 66 Per processor
33 Queued task interrupts 27 Per processor
t34 RPL and RNR instructions 2
35 Base register, base register select, S Per processor
data spaces, each processor test 14

* S49 only.
t S46 and S47 only.
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TABLE 5-2. MAIN DIAGNOSTIC TESTS (Cont)

Approx. Run
3- Master Controller Group Diagnostics Time, sec. Remarks
36 Base register, base register select, 4 Per processor
data spaces, test 15
37[1] | ROM and WOM (off-line memory) 2.5 Per option card
memory chip
38[1] | Off-line memory - write-protect key 7 Per option card
memory chip
4- Multiprocessor (MP) Group Diagnostics
41 MP RAM 11
42 MP Augmented Register
43 MP Base Register 4
44[1] | MP Off-line memory 3 Per K of memory
45[1] | MP Off-line memory - Continuous
5- Terminal Port Group Diagnostics -
Internal Loopback Mode
51 RSET, then read/write test all TP's <1
singly.
52 RSET, then read/write test all TP's 2
simultaneously.
53[2] | Single TP interrupt <1
54[2] | Multiple TP interrupt <1
55 Single TP async function 38 Per TP
56 Multiple TP async function 120 30 seconds per
TP
57 Single TP sync function 92 Per TP (Total:
6 min 8 sec.)
[1] Tests 37, 38, and 44 must be requested specifically because the tests may
change configuration memory, and test 45 because it will change configu-
ration memory. Selection of all tests in Group 3 or Group 4 will skip over
these tests.
[2] See Section 5-3.
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TABLE 5-2. MAIN DIAGNOSTIC TESTS (Cont)

6- Network Port Group Diagnostics - Approx. Run
Internal Loopback Mode Time, sec. Remarks

61 Single NP R/W <1

62 Multiple NP R/W 2

63[3] | Single NP interrupt 20 Per NP

64[3] | Multiple NP interrupt 5

NP1 Strap
Speed
7200 1800

65 Single NP XMT/RCV function 12 35 Per NP

66 Multiple NP XMT/RCV function 23 70 Per NP

t67 NP reboot test -

7-[4] | Terminal Port Group Diagnostics -

External Loopback Mode

75 Single NP async function 38 Per TP

76 Multiple TP async function 31 Per TP

77 Single TP sync function 12 Per TP

78[5] | Multiple TP sync function at 1200 bps 8 For N =210

8-[4] | Terminal Port Group Diagnostics -

External Loopback Mode - Operator
Selection

85 Single TP async function 39 Per TP

86 Multiple TP Async Function 120 For all TP's

87 Single TP sync function 12 Per TP

88[5] | Multiple TP sync function 2 min. For 12 TP's

26 sec.

[3] If the MCl1 card is Rev 5 or earlier with a DMCLK rate of 900 bps, Tests 63
and 64 will produce an error message. Move the internal loopback clock
from 1800 (U20-1 to U20-20) to 7200 bps (U20-2 to U20-19) for tests 63 and
64 only.

[4] Each test in this series must be specifically selected.

[S] ALl TP cards must be strapped for an external clock. This test must
be specifically selected.

t S46 and S47 only.
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5.2.11 ERROR MESSAGES

If an error occurs while testing in the HALT mode, an error message is displayed

in the right half of the self-scan in the general format:
E:MMM.N XXXX AA BB

where MMM is the error number

N is the number of the processor that is reporting the error, and

XXXX, AA, and BB are additional digits of error data.

These digits come from three internal processor registers:

on the error, some or all of the digits are displayed as shown below.

X, A, and B. Depending

Note that in

the error file display (RN5 mode) that all the digits from the three registers are

displayed. The relevant data from the display can be found in Table 5-3.
TABLE 5-3. ERROR MESSAGES
Display
Error Error
Number Data Data Identification Probable Cause of Error
E:001.# | A XXXX Processor number, address Panel lock byte inconsistency
of routine calling (ignore this message if it
PNL$ (*). occurs after a preemptive
function. If persistent,
E:002.# | A XXXX Same. check preliminary tests with
BOOT for program checksum,
E:003.# | A XXXX Same. and run tests FF).
E:040.# | AABB XXXX | Checksum calculated, Preliminary diagnostic ROM
expected. checksum error.
*E:041.# | AA REQLVL (bits set at level Interrupt requests outstand-
outstanding). ing at power-up or software
restart.
*E:042.# No software restart.
tE:070.# Processor number A processor that should be
bolted is running.
*E:071.# | AA BB Processor control regis- Processor halt bit not set.
ter, processor number.
* 549 only.

t S46 and S47 only.
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TABLE 5-3.

ERROR MESSAGES (Cont)

Display
Error Error
Number Data Data Identification Probable Cause of Error
*E:072.# | AA BB Processor control regis- Processor GO bit not set.
ter, processor number.
*E:075.# | AA BB Processor control regis- Can't clear interrupt bit.
ter, processor number.
*E:076.# | AA RPS value. RPS enable bit not clear.
*E:077.# |AA RPS value. RPS enable bit not clear.
*E:078.# RPS Enable bit not set after
suspending a queued task.
*E:079.# | AA BB Level expected, actual. Incorrect level returned from
queue with 32 tasks.
*E:080.# |AA BB DSN expected, actual. Incorrect DSN returned from
queue with tasks.
E:100.# | XXXX AA BB | Address, data expected, Read-after-write memory
actual. error.
*E:101.# No memory above 8K and loca-
tion X'1FFF' doesn't respond.
tE:101.# Processor number. No memory above 16K and
location X'3FFF' doesn't
respond.
E:110.# | XXXX AA BB | Address, data expected, Unexpected interference in
actual. memory .
E:130.# | XXXX Lock byte memory size not a
multiple of X'100'.
X-reg = address of top of
lock byte area.
E:140.# | XXXX AA BB | Address, value before Lock byte memory cell did not
read, value after read. clear after reading.
E:150.# | XXXX AA BB | Address, data expected, Data space read-write error.
actual. Write with BRB mode. If in-
dex register < X'20' the read
error was in BRB mode. If
index register > X'20' the
read error was in index mode.
* 549 only.

t S46 and S47 only.
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TABLE 5-3. ERROR MESSAGES

(Cont)

Data Identification

Probable Cause of Error

DSN expected, actual.

Queue block expected,
actual.

Address expected, actual.

Absolute address for data
space #2, value expected,
actual.

Absolute address for data
space #3, value expected,
actual.

Absolute address for data
space #4, value expected,
actual.

BRH: BRL/BRB

Data written/data read.
BRH: BRL/BRB.

Address/data written/
data read.

Address/data written/
data read.
Processor number.

Processor number.

Number expected, actual.

Incorrect DSN returned by
RPS.

Incorrect queue block in
firmware memory.

DSN queued in memory is no
good.

Data error BRB addressing.
Data error BRB addressing.
Data error BRB addressing.

Error in converting format
from BRH/BRL to BRB.

Error writing BRB register.

Error converting from BRB
format to BRH-BRL format.

Base register read error.
Base register write error.

Processor did not start when
called by UTIL$6.

ProcesSor started which
was not mapped by UTIL$3.

Incorrect processor select
number in firmware memory.

Q bit not set in fork or
suspend.

Display

Error Error
Number Data
*E:152.# | AA BB
*E:153.# |AA BB
*E:154.# | XXXX AA BB
*E:155.# | XXXX AA BB
*E:156.# | XXXX AA BB
*E:157.# | XXXX AA BB
tE:160.#

tE:170.#

tE:180.#

tE:190.#

tE:200.#

E:211.# | BB

E:212.# | BB
*E:213.# | AA BB
E:220.#

* S49 only.

t S46 and S47 only.
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TABLE 5-3. ERROR MESSAGES (Cont)
Display
Error Error
Number Data Data Identification Probable Cause of Error
*E:221.# | AA BB Level expected, actual. Incorrect level.
*E:222.# | AA BB Level bits expected, Incorrect RPS level.
actual.
*E:223.# | AA BB DSN expected, actual. Incorrect DSN.
*E:224,# | AA BB Level expected, actual. Incorrect level after
interrupt.
*E:225.# | AA BB Level expected, actual. Incorrect level change.
tE:240.# Number of ms early.
*E:241.# | AA REQLVL value. RTC task not cleared from
REQLVL.
tE:250.# Number of ms remaining Real time clock timed out
for check. (interrupted) early.
*E:258.# | AA REQLVL value. Display can't clear queued
tasks from REQLVL.
*E:259.# REQLVL value. Suspend. Can't clear queued
tasks from REQLVL.
*E:260.# | AA REQLVL value. Can't clear queued tasks
from REQLVL - UTILS$D.
tE:260.# Queue level*2/actual Real time clock did not time
pointer/expected pointer. out within expected time
window.
*E:261.# | AA RPS value. RPS interrupt bit not set.
*E:262.# | AA RPS value. RPS interrupt bit not
cleared.
*E:263.# | AA BB Level to be interrupted. No software interrupt.
highest outstanding
level.
*E:265.# | AA BB Level expected, actual. Incorrect level interrupted
- RPS.
*E:268.# Q bit set on hardware
interrupt.
tE:270.# Queue level*2/actual WSF error, linked list
pointer (should be 28). inconsistent.
* S49 only.

t S46 and S47 only.
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TABLE 5-3. ERROR MESSAGES (Cont)

Display
Error Error
Number Data Data Identification Probable Cause of Error
*E:274.# | AABB XXXX Initial RTC count, RTC No real time clock interrupt.
count at error time.
+E:280.# Queue level*2/actual WSF error, rear queue pointer
DR$/expected DRS. inconsistent.
tE:290.# Queue level*2/actual RSF error (de-queuing). A
(data space pointer) nonempty queue was found to
DR$/expected DRS. be empty.
RSF error, wrong data space
dequeued.

E:294.# | AA RPS value. Interrupt bit not set - RPS.

E:295.# | AA ENQ$ IOS$DR. Incorrect interrupt level -
ENQ.

E:300.# Processor control instruc-
tion did not restart system.

E:301.# Processor # 0 did not restart.

tE:306.# Queue level*2/actual RSF error: hardware request
DR$/expected DRS. serviced before the hardware
request, or hardware request
not serviced after a software
request.

E:310.# Operator presses a key but
level 1 interrupt not
received within 10 seconds.

*E:311.# | AA I0$DR (ENQ). Incorrect level response to
key interrupt.
*E:312.# | AA Status byte. Key flag not set in status
byte.
*E:313.# Interrupts enabled after key
interrupt.
tE:320.# Actual DR$/expected RPL error, unexpected DR$
DRS$. level returned.
tE:330.# Actual AR$/expected RNR error, unexpected DR$
DR$. level returned in servicing
a software request.
* S49 only.

t S46 and S47 only.

5-21




TABLE 5-3.

ERROR MESSAGES (Cont)

Display
Error Error
Number Data Data Identification Probable Cause of Error
tE:340.# Actual DR§/expected RNR error, wrong data space
DR$. dequeued.
tE:350.# Actual RD$/expected RPL error, RTC hardware
DR$. request not recognized after
RNR software request.
tE:360.# Level*2/actual data/ RNR error, wrong data space
expected data. dequeued from free level
queue.
tE:370.# Level*2/actualdata/ RNR error, wrong data dequeued
expected data. from free-level queue.
E:381.# | XXXX AA BB | RAM address, value Cannot copy AROM data into
expected, actual. RAM. RAM read-write error.
E:382.# | XXXX AA AROM address, actual First byte of AROM memory
value, expected value. not at beginning of a segment.
E:383.# | XXXX AA AROM address, actual First byte of an AROM memory
value read (expected 0). segment found not at begin-
ning of a segment.
E:384.# | XXXX AA AROM address, actual Byte in an AROM segment did
value read (expected 0). not read back.
E:385.# | XXXX AA BB| AROM address, value Byte no properly reloaded
expected, actual. into AROM OK.
E:386.# | XXXX AA BB| Test #37: Write-protect AROM write-read error.
key failure.
Test #38: AROM write-read
failure.
Test #44: AROM write-read
failure.
E:387.# | XXXX AA BB| Address, expected, AROM high-speed read error.
actual.
E:390.# | AA Processor number. Multiprocessor test time out.
E:400.# No terminal port found by the
1/0 map routine (UTIL$M).
*E:401.# | XX Port address. No port response to TPRT$.
*E:402.# No tasks present.
* 549 only.

t S46 and S47 only.
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TABLE 5-3.

ERROR MESSAGES (Cont)

Display
Error Error
Number Data Data Identification Probable Cause of Error
*E:403.# No task returned by ENQ after
an interrupt.
*E:404.# A queued task interrupted.
*E:405.4# No tasks in REQLVL at inter-
rupt to module HDI.
E:420 XX AA B TP register not clear after
a master I/0 reset.
X-Reg = TP address.
A-Reg = contents of TP
register.
B-Reg = register number.
(0_RSTD$, 1_RDT1$).
E:430.# | XX AA BB TP number, data written, Read-after-write check error
read. on TP register #1.
E:431.# | XX AA BB TP numbér, data written, Read-after-write check error
read. on TP register #2.
E:440.# ] XX AA BB TP number, data expected, TP register 1 interference
actual. error.
tE:450.#
tE:460.#
tE:470.# - - - TP interrupt service cycle
error, AR$ incorrect after
an RNR.
tE:490.# TP address/actual SR$/ TP status register incorrect.
expected SRS$.
*E:500.#] XX AA BB TP address, DR$, SR$ Invalid TP address inter-
(ENQ$) . rupted.
tE:500.# AR$/DR$/SRS. Spurious interrupt at TP
interrupt level - no TP
response to RNR.
E:520.#] XX AA TP number, status Unexpected data set change
register. receiver interrupt (TP status
bit 7) or incorrect status
register after carrier loss.
* S49 only.

t S46 and S47 only.
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TABLE 5-3.

ERROR MESSAGES (Cont)

(see note)

dress DR$ expected,
actual (ENQ$).
Interrupt number =
10 - carrier detect
20 - XMT hold register
empty
30 - carrier loss

Correct TP address, TP
address returned in AR$.
Interrupt number =
10 - carrier detect
20 - XMT hold register
empty
30 - carrier loss

TP address, status
expected, actual.
Interrupt number =
10 - carrier detect
20 - XMT hold register
empty
30 - carrier loss

Display
Error Error
Number Data Data Identification Probable Cause of Error
E:530.# | XX AA TP number, status Error flag set in terminal
register. port status register.
E:540.# | XX AA BB TP number, character Character received in error,
expected, actual. but no error flag set in TP
status register.
E:550.# | XX A TP number, counter state. Terminal port diagnostic
XMT RCV test time out.
State counter counter
0 =0 =0
1 =0 >0
2 >0 >0
E:560.# | XX AA BB AR$, DR$, SR§ for ENQ Interrupt not at TP level.
instruction.
*E:561.# | XXXX AA BB | Interrupt number/TP ad- Interrupt not at TP level-

Test 53, 54.

Wrong TP address interrupted
- Test 53, 54.

Unexpected TP status register
contents.

*E:562.# | XXXX AA
*E:563.#] XXXX AA BB
Note:

First XX = interrupt number

Second XX = TP address

* S49 only.
+ S46 and S47 only.
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TABLE 5-3.

ERROR MESSAGES (Cont)

Display
Error Error
Number Data Data Identification Probable Cause of Error
*E:564.# | XXXX Interrupt number/TP ad- Terminal port interrupt
(see note) | dress. failed to occur - Test 53,
Interrupt number = 54.
10 - carrier detect
20 - XMT hold register
empty
30 - carrier loss
E:570.# | AA BB Last TP found, RTN from TP search problem.
FIND_PREV_TP.
*E:600.# No network ports found by the
I/0 map routine (UTIL$M).
*E:601.# |AA First port address + 2. NP port not in slot O MOD4.
E:620.# | XX AA B NP address, status regis- NP status register not ini-
ter, register number. tialized correctly after a
Reg. No. Expected Reg. master’ 1/0 reset.
Value
0 X'10'
2 X'04'
6 X'80'
E:640.# | XX AA BB NP address, data Network port status/control
expected, actual. registers read-after-write
error.
NOTE
Data bits 7,6 correspond
to bits 7,6 in NPCC (NP
register).
Data bits 5,4 correspond
to bits 6,5 in NPCI (NP
register).
Data bit 2 corresponds to
bit 5 in NPCO (NP regis-
ter).
E:650.# | XX AA BB NP address, data expect- Network port register inter-
ed, actual. ference found (test work for-
' mat same as ER$640).

Note:

First XX = interrupt number

Second XX = TP address

* 549 only.
t S46 and S47 only.
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TABLE 5-3. ERROR MESSAGES (Cont)

Display
Error Error
Number Data Data Identification Probable Cause of Error
E:660.# | XX NP address. Network port XMT interrupt
failed to occur when expect-
ed (TXRQEN=1 §TXRQ=1).
E:661.# | AA Status out. NP status out: XMT ready-to-
receive-new-data bit not set
(bit 7).
E:670.# | XX AA BB NP address, DR$ expected, Unexpected DR§ after ENQ$
| actual. with an interrupting network
port (XMT).
E:680.# | XX AA NP address expected, AR$ incorrect after an ENQ$
actual. with an interrupting network
port (XMT).
E:690.# | XX AA BB NP address, expected Unexpected SR$ after an ENQ$
NPSO$, actual IO$SR. with an interrupting network
port (XMT).
E:700.# | XX AA BB NP address NPSO$ Unexpected NPSO$ after an
expected, actual. XMT network port interrupt.
tE:701.# Flag type/number of No NP reboot - time-out error.
flags received. NOTE: - Flag type = 3, 7, F, 1F,
FF correspond to flags
of 9, 10, 11, ...,
15 1's.
TE:702.# Port address/DR$/SRS. NP transmit instead of
receive interrupt.
tE:703.# Port address/DR$/SR$. No NP reboot after receiving
9 flags.
tE:704.# Flag type/number of NP reboot, but after time out.
flags received.
tE:705.# Flag type/number of NP reboot on incorrect number
flags received. of flags received.
TE:706.# NP interrupt caused by
incorrect flag sequence.
tE:707.# Port address/DR$/SR$. NP flag interrupt with flag
detected bit not set.
* 549 only.

t S46 and S47 only.
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TABLE 5-3. ERROR MESSAGES

(Cont)

Display

Error Error

Number Data Data Identification Probable Cause of Error

*E:710.# | XX NP address. Network port RCV interrupt
occurred instead of XMT
interrupt.

tE:710.# NP address. NP receive interrupt failed
to occur.

E:711.# | AA BB NP address, status in. NP status in: data ready-to-
be-read bit not set (bit 7).

E:720.# | XX AA BB NP address DR$ expected, Incorrect DR§ after ENQ$

actual. with an interrupting network
port (RCV).

E:730.# | XX AA NP address AR$ expected, Incorrect AR$ after an ENQS$

actual. with an interrupting network
port (RCV).

E:740.# | XX AA BB NP address, NPSI$ Incorrect SR$ after an ENQ$

expected, IO$SR actual. with an interrupting network
port (RCV).

E:750.# | XX AA BB NP address NPSI$ Incorrect NPSI$ after an RCV

expected, actual. network port interrupt.

E:760.# | XX AA BB AR$, DR$, SRS. Spurious interrupt at a net-
work port request level,

E:761.# | XX AA BB AR$-responding address, Port with wrong address

DR$, SR§. responded.
If SR$ even = receive.
If SR$ odd = transmit.
E:770.# | XX AA NP address, SR§. Unexpected XMT interrupt,
XMT sequence should be
complete.
E:780.# ] XX AA NP address, SRS$. Unexpected RCV interrupt,
RCV sequence should be
complete.
E:785.# | XX AA BB NP address, data NP RCV data error.
expected, actual.

E:790.# ] XX AA NP address, SR$ after ECC Network port receiver ECC
shifted in from FIFO. checkerror.

* S49 only.

t S46 and S47 only.
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TABLE 5-3. ERROR MESSAGES (cont)

Display

Error Error

Number Data Data Identification Probable Cause of Error

E:800.# | XX NP address. Network prot diagnostic test
time out.

E:940.# No active I/0 ports could be
found in system.

E:950.# Self-halted processor unex-

E:960.# | XXXX

E:970.# | XX AA BB

Address where SWI was
executed.

Address, Q level, status.

pectedly restarted (run flag
turned on).

Unexpected SWI interrupt.

Unexpected hardware inter-
rupt.

tE:975.# Port address/DR$/SR§. IRQ interrupt received with
no valid request pending.

E:976.4# No free data space.

E:980.# | AA Key code. Undefined NMI interrupt.

E:990.# Spurious reset given to
processor.

* S49 only.

t S46 and S47 only.
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5.2.12 TEST OPERATION INSTRUCTIONS

5.2.12.1 OFF-LINE MEMORY DIAGNOSTIC (TSC = 37). The test can be called only by
specifying TSC = 37. This test only allows Test Control Codes (TCC) of SHO, SHI,
SNO, or SN1.

This test first stores the current contents of AROM in RAM. 1If the test is suc-
cessfully completed, the original contents of AROM are restored. If there is any

error, the original contents should be considered as lost.

The test counts the number of memory segments (blocks of 256 bytes) which
respond normally, and asks the operator to verify the number (in hex) of memory
chips on the option board. (The number of chips is twice the number of segments.)

If the number is correct, press ENTER; otherwise terminate the test.

If the number of chips is incorrect, the chips which responded correctly can be

determined by reading a table beginning at location X'1000'. (See Table 5-4.)

TABLE 5-4. AROM MEMORY SEGMENT ADDRESSES

RAM Location Description

X'1000' Location of the address of the
last segment in the table.

X'1002' Beginning address of segment 1.

X'1004' Beginning address of segment 2.

X'1000 + 2*n'

The memory test writes to all of memory and then reads from all of memory each
of the data patterns described in Table 5-5.

This sequence is repeated several times per processor. The number of repeats is
less if there are more processors, so the running time of the test is independent of

the number of processors.

If memory fails in this part of the test, the error number is 386; check that

the write-protect switch is in the write position. If the error is not a switch
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TABLE 5-5. MEMORY TEST SEQUENCES

Pattern Sequence Pointer
Constant 0's | X'00'
Constant X'FF' X'03'
Constant 0 X'06'

Cycle 1 to left X'09'
Cycle X'7F' to right X'OB!
Slide X'FF' to right X'OF!
Cycle X'AA' to left Xr'12'
Cycle X'S5A' to left X'15!
Random Sequence X'18'

error, read the data with the preemptive MEM function called for in the error data
sheet for error 386, memory test 37 (Figure 5-2). The sequence pointer specifies

which data sequence was being written and read. (See Tabtle 5-5.)

To continue the test in looping or nonlooping mode, press CLEAR, then press
CLEAR again, and then press ENTER.

In looping mode, the test rewrites and rereads the same data pattern for all of
memory. During thg¢ read-verify sequence, the complement of what was read is written
back to each location. In this way intermittent write errors during looping will be

found.

The write-protect switch can be tested by throwing the switch to the protect

position while the main memory test is running. Error 386 should occur.

5.2.12.2 OFF-LINE MEMORY WRITE-PROTECT KEY DIAGNOSTIC (TSC = 38). The test can be
called only by specifying TSC = 38. This test only allows Test Control Codes (TCC)
of SHO, SH1, SNO, or SN1.

This test first stores the current contents of AROM in RAM. If the test is
successfully completed, the original contents of AROM are restored. If there is any

error, the original contents should be considered as lost.

The test counts the number of memory segments (blocks of 256 bytes) which
respond normally, and asks the operator to verify the number (in hex) of memory chips
on the option board. (The number of chips is twice the number of segments.) If the

number is correct, press ENTER; otherwise terminate the test.
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ERROR DATA SHEET FIRMWARE DIAGNOSTICS - REV. 12
ERROR #386
TEST #37 - OFF-LINE MEMORY
FAILED PROCESSOR # AROM ADDR EXPECTED ACTUAL
ERROR MESSAGE DATA: X = A= B =
PROCESSOR DATA:
)} 1 2 3 L 5 6
3FB 3AL 348 2F2 299 240 1E7 18E :} COUNT
3FC 3A5 34C 2F3 29A 247 1E8 18F
3FD 3A6 34D 2FL 298 2542 TE9 190 SEQ PTR
Figure 5-2. Data Sheet - TSC = 37, ERROR = 386




The test next tests the write-protect key and the write-protect control regis-
ter (27) for processor 00. Data is written to memory for every value except the cor-
rect key value in memory location 27. If the memory write is successful, error

message 386 is displayed.

Error looping (SH1 or SN1) for this error attempts to rewrite and check the
entire memory with the current key value in memory location 27. The loop will con-

tinue until interrupted by the operator.

5.2.12.3 MULTIPROCESSOR OFF-LINE MEMORY DIAGNOSTIC (TSC = 44). The test can be
called only by specifying TSC = 44. This test only allows Test Control Codes (TCC)
SHO, SH1, SNO, or SN1.

The test initially stores the current contents of AROM in RAM. If the test is
successfully completed, the original contents of AROM are restored. If there is any

error, the original contents should be considered lost.

Next, the test establishes which memory segments (blocks of 256 bytes) respond
normally, and creates a table beginning at location X'1000'. If there are inexpli-
cable problems, this table should be checked. (See Table 5-2.)

During the main part of the test, each processor writes and reads, segment by
segment, the data patterns described in Table 5-3. All of memory is scanned with
each pattern. Then the next pattern is used, etc. Contention for memory segments is
controlled by lock bytes which begin at location X'404'. Program activity is indi-
cated by an incrementing level count and incrementing digits in the first position of

the screen. During error looping the digits increment but the level lights do not.

Error 386 is a write-read error. For the SHO mode, all processors except the
failed processor are halted within 38 instructions of the detection of the error;
and the test cannot be continued. For the modes SH1, SNO, and SN1, the processors
are not halted. After error data collection for mode SH1, the test may be continued

by pressing CLEAR, then pressing CLEAR again, and then pressing ENTER.

Error data collection for error 386 is indicated on the error data sheet for
error 386, test 44 (Figure 5-3). Collect the data for the processor which failed.
Then if in SH1 mode, press CLEAR, then press CLEAR again, and then press ENTER. The
message ERROR LOOPING should appear. If in SHO mode, select the next processor for
the panel by executing the SEL preemptive mode. Then go into the MEM preemptive

mode and collect the data for that processor. Repeat for all processors.
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The error data shows which patterns were tested in which segments when the error
occurred. The sequence pointer refers to Table 5-3 and indicates the pattern. The
AROM pointer is the last address being tested. The other data should be consistent;
the lock bytes should be X'404' plus the segment number; the table segment pointer
should be between X'1002', and the value at location X'1000', etc. If this data is

not consistent, then the error is not an AROM problem.

For error looping, a flag is set which sets all processors to looping with write-
reads in the segments which were being tested when the error was detected. During the
read sequence the complement of the value read is written back to each location. In
this way intermittent write errors during looping will be found. The loops will con-

tinue until interrupted by the operator.

5.2.12.4 MULTIPROCESSOR OFF-LINE MEMORY DIAGNOSTIC (TSC = 45). This test is similar
to test 44 except that it does not terminate. The original contents of the off-line

memory are lost.

5.2.12.5 SINGLE-TP, INTERNAL-LOOPBACK, ASYNCHRONOUS DIAGNOSTIC (TSC = 55). This
test exercises each TP asynchronously in internal loopback mode for the rates shown

in Table 5-6 below and for character lengths 5 through 8.

TABLE 5-6. ASYNCHRONOUS RATE NUMBERS AND SPEEDS

Rate Number Rate, bps Rate Number Rate, bps
1 1200 5 300
2 110 6 150
3 134.5 7 75
4 600

The TP being tested is displayed in the right half of the self-scan.

If there is an error and the current test rate and character lengths are needed,

use the MEM preemptive function to examine the following locations in memory:

5-33



ve-S

ERROR DATA SHEET

ERROR #386
TEST #44 - MULTIPROCESSOR OFF-LINE MEMORY

FIRMWARE DIAGNOSTICS - REV. 12
Date

Machine Operator

Time

FAILED PROCESSOR # AROM ADDR EXPECTED ACTUAL

ERROR MESSAGE DATA:

PROCESSOR DATA:

X = A= B =

(MODE SHO - Collect data for all processors. To go to next processor, use the
SEL preemptive function. MODE SH1 - Collect data for processors which failed.

Begin looping by pressing CLEAR, pressing CLEAR, pressing ENTER.
ERROR LOOPING should appear.

The message

1 2 3 L 5 6 7

28 28 28 28 28 28 28 28

29 29 29 29 29 29 29 29 AROM PTR

2A 2A 2A 2A 2A 2A 2A 2A

2B 2B 2B 2B 2B 2B 2B 2B .>LOCK BYTE

2C 2C 2C 2C 2C 2C 2C 2C TABLE SEG

2D 2D 2D 2D 2D 2D 2D 2D PTR

2E 2E 2E 2E 2E 2E 2E 2E SEQ ENTRY

2F 2F 2F 2F 2F 2F 2F 2F PTR

a 3EE 397 33E 2E5S 28C 233 1DA 181 SEQ ENTRY
o« :IJ 3EF 398 33F 2E6 28D 234 1DB 182 PTR
E 8 = 3F0 399 340 2E7 28E 235 1DC 183 TABLE SEG
o ﬂIL 3F1 39A 341 2E8 ‘ 28F 236 1DD 184 PTR
E' 8 5 3F2 398B 342 2E9 290 237 1DE 185 MEM LOCK
o aﬁ_ = 3F3 39C 343 2EA 291 238 1DF 186 BYTE
= 3F’+ 39D 3’-}4 2EB 292 239 1EO 187 }AROM PTR

3F5 39E 345 2EC 293 23A 1E1 188

3FA 3A3 3hA 2F1 298 23F 1E6 18D SEG 1ST NO.

3FB 3AL 348 2F2 299 2540 1E7 18E COUNT

3FC 3A5 " 3L4C 2F3 29A 241 1E 18F }

3FD 3A6 34D 2FL 29B 242 1E9 190 SEQ PTR

3FE

3FF

Figure 5-3. Data Sheet - TSC = 44, ERROR = 386




Memory Location Memoxy Contents

3FC Rate number 1—7

3FD Character length: 0 = length 8
40 = length 7
80 = length §
CO = length 5

5.2.12.6 MULTIPLE-TP, INTERNAL-LOOPBACK ASYNCHRONOUS DIAGNOSTIC (TSC = 56). This
test exercises a multiple number of TP's simultaneously in internal loopback mode.
The test verifies the ability of the system to handle a moderate total data rate.
The maximum number of TP's tested at one time depends on the rate being tested, and

is determined automatically by the test program from Table 5-7 below,

TABLE 5-7. THE MAXIMUM NUMBER OF TP's TESTED FOR EACH ASYNCHRONOUS RATE

Maximum

Rate Rate, Number of TP's Maximum Total
Number bps in Test Subset Data Rate, bps

1 1200 12 28,800

2 110 130 28,600

3 134.5 107 28,783

4 600 24 28,000

5 300 48 28,000

6 150 96 28,000

7 75 192 28,000

The maximum number of TP's tested can be changed by doing a preemptive BOOT com-
mand and answering YES (press the CLEAR key) to the question '"SPECIAL SPEEDS?'". Then
when test 56 (or tests 58, 76, 78, 86, 88) is initiated the operator will be asked to
enter new maximum of TP's for rates 0-7. (Rate O is used for synchronous tests 58,
78, and 88.) Once these questions have been answered they will not be asked again
until test control has been returned to the operator and one of the tests 56, 58, 76,
78, or 88 is initiated. To terminate this prompting and return to the numbers used
in Table 5-8 do a preemptive BOOT and answer NO (press the ENTER key) to the question
""SPECIAL SPEEDS?".
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The subsets of TP's to be tested are chosen automatically and are displayed in

the form:
TP = [W,X],[Y,Z]

This means that all TP's W through X, inclusive, and Y through Z inclusive, are
being tested. Initially the TP's within the first bracket are at the lowest addresses
and the TP's within the second bracket are at the highest addresses. After one data
cycle the numbers W and X increment to the next TP address and the numbers Y and Z
decrement to the next TP address. When X and Y represent adjacent TP's testing
begins with another data sequence and the initial subset. After seven data sequences
have been tested the next rate is tested in the above manner. Only 8-bit characters

are tested.

In the event of an error, if the rate is needed, use the preemptive MEM function

to examine location 3FC which contains the rate number.

5.2.12.7 SINGLE-TP, INTERNAL-LOOPBACK, SYNCHRONOUS DIAGNOSTIC (TSC = 57). This test
is functionally the same as test 55 except that the TP's are in synchronous mode.

There is a delay in this test so the running time is longer than for test 55. (See
Table 5-2.)

5.2.12.8 TP EXTERNAL-LOOPBACK DIAGNOSTIC (TSC = 75 THROUGH 78). Tests 75-77 are the
same as tests 55-57 except that the TP's are in external loopback mode and hence
require loopback plugs such as illustrated in Figure 5-4. One further exception is
that test 77 tests only rate 1. Test 78 tests subsets of TP's in synchronous mode

at rate 0 (the 1x external clock) so all TP's must be strapped according to Figure
5-5.

The maximum number of TP's in a subset is computed automatically from Table 5-8 .
To change these maximum numbers, answer YES to the question ''SPECIAL SPEEDS?" in the
BOOT sequence (see Section 5.2.10.6 for details).

5.2.12.9 TP EXTERNAL LOOPBACK, OPERATOR-SELECT DIAGNOSTIC (TSC = 85 THROUGH 88).
These tests are the same as tests 75-78, except that only TP's which the operator

selects via the operator's console are tested.

At the beginning of any test 85-88 the display prompts for a TP address entry
with the display, TP =. Enter a TP address and press ENTER. If the address entered
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Figure 5-4.
Plug Connections for Diagnostic
Tests 75-78, 85-88

External Loopback

TABLE 5-8. THE MAXIMUM NUMBER OF TP's

TESTED AT RATE 0 AS A FUNCTJON OF
THE NUMBER OF PROCESSORS

Number of Maximum Number of
Processors TP's in Test Subset
1 4
2 8
3 or more 10

To test a few TP's for simulta-

neous synchronous operation it may be

easier to use test 88

U10 AND U17 - ONE STRAP EACH FOR THE DESIRED PRATE.

us OR us

1 |o———o0| 16 1 lo——of16 1 |o o| 16

210 o 2 |o (] 2 1o o] 15

3]o o 3 lo——o |14 3o o| 14 - RATE 9600 SPECIAL SPEED (1)

4 Jlo———o|13 4 lo o 4 |o o| 13 - RATE 7200 SPECIAL SPEED (1)

5 |lo—-—90]12 5 [o—0]12 5 |o o| 12 - RATE 4800 SPECIAL SPEED (1)

6 |o ° 6 |o ) 6 |o o| 11 - RATE 3600 SPECIAL SPEED (1)

7 lo ) 7 lo———o]10 7 |o o| 10 - RATE 2400 SPECIAL SPEED (1)

8§ |[—o]| 9 8 |o o 8 |o———o0| 9 - RATE 1200 REGULAR SPEED (2)
(1) ANSWER YES TO SPECIAL SPEED QUESTION IN BOOT SEQUENCE.
(2) ANSWER NO TO SPECIAL SPEED QUESTION IN BOOT SEQUENCE.

 Figure 5-5. TP Strapping For Synchronous Tests 78 and 88
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is valid, the data is stored and the display asks for another TP. To terminate this
input sequence enter CLEAR and the test will begin. If an entered address is incor-
rect an error message !!ERROR!! is displayed, the data is rejected, and another TP

request 1is made.

5.3 ISOLATING PORT AND NEST PROBLEMS

If port or port nest problems are suspected, first ascertain that the correct
number of NP's and TP's respond: Do a BOOT or power-up and verify this in the pre-
liminary tests. Then run the diagnostics with test sequence codes (TSC) of S5F and a
test control code (TCC) of RHO (R = at the end, restart the test sequence. H = halt

on error, GO resumes operation. O = continue with test).

If the tests cycle through once, the port nest(s) are probably operating cor-

rectly.

Next do more exhaustive testing by testing all the TP's, or selected TP's, with
external loopback plugs, (Figure 5-4) and tests in the 7F or 8F series. Unless all
TP's are strapped for synchronous (1X) clock, the synchronous TP's must be tested

individually with tests 87 and/or 88.

Most problems will show up as errors when running tests 51 through 54. If an
error is detected, execute only the failing test while swapping cards, then retest
with TSC of SF.

If tests 51 and 52 run successfully but 53 or 54 fails, the problem is probably

the interrupt acknowledge logic.

NOTE

The error message will display a port address that is
probably NOT the port with the problem. The failing
port is usually one or two ports to the left (lower port
address) than that indicated by the diagnostic.

The quickest way to isolate a port which fails tests 51-54 is to run the failing
test with a TCC = RNO. Executing the diagnostics in this manner will cause the error
counter on the self-scan to increment when an error is encountered. When the failing

card is removed, the error counter will stop counting. One way to run these tests is
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to loosen all port cards, then plug them in one at a time (there may be a short burst

of errors when each card is first plugged in, but then the count should stop).

5.4 MC1 AND MC2 PROBLEMS

If any test in 3F series fails, suspect a bad MC1 or MC2; however, if 37 fails

suspect a bad option card.
If tests 41 or 42 fail, suspect a bad MC1l or MC2.

If test 44 fails, suspect a bad ROM or WOM.

5.5 LOCATING A FAILED RAM CHIP

The location of a failed RAM chip can be pinpointed by running the diagnostic

TSC = IF, TCC = RHO, and reading the error messdge. The format of the message is

AAAA  EE RR
where AAAA = address where the error occurred
EE = expected data or written data
RR = data read

As an example, take the error message.
0137 AC AB

If there is one RAM in the mainframe (2-way interleaved), the last character of the
address shows the row in which the bad chip resides (Figure 5-6). Since the last
digit of the address is 7, the bad chip is in the third row (as it would be if the
last digit were 3, B, or F). To determine which chip in the third row is bad, read

the hex values for data expected/data read, and convert the hex to binary:

Expected Read
A C A B
1010 1100 1010 100?

MSB- FAULTH LSB

It is evident that the difference lies in data bit 2 of data bits 0-7.
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VALUES MSB

LAST DIGIT
OF ADDRESS

| Ly 8

| v |

0000000 O— 2,6A€
000

00 O O OJ—— o,4,8,¢
O 027 0000 Oe— 3,7,8,F
OO0000000——1,59.0

Figure 5-6. RAM Chip Layout

Now refer to the chip side of the RAM card or to the chip layout shown above. The
chip that holds the least significant bit (0) is on the left, with the MSB (7) on the
right. (This is the reverse of the way the numbers are written normally.) Therefore,

the failed chip is the third from the left in row 3, and should be replaced.

5.6 WHEN THE INP WILL NOT START

A problem arises when it is not possible to get the INP running with one RAM in

place. This happens because the diagnostics use the lower 2K of memory to start up.

If two known good RAMs are available, it will be possible to pinpoint the failed
chip as in 5.5. Install both good RAMs in place, with the suspect RAM in the next
slot to the left of them. The diagnostics will indicate memory from 0000 to BFFF,
and the bad chip will be in the range 8000 to BFFF. This will afford a two-way

interleave and allow using the single RAM method of locating the failed chip.

If only one known good RAM is available, pair it with the suspect RAM. (This
will make a four-way interleave memory.) Pairing RAMs in this fashion allows nar-
rowing the search to two chips, which can be replaced one at a time to locate the
faulty chip. Figure 5-7 below shows the addressing scheme. The pair of RAMs will
cover an address range from 0000 to 7FFF (32K).
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LSB VALUES MSB LSB VALUES MSB
LAST DIGIT LAST DIGIT
OF ADDRESS OF ADDRESS
1 2 4 8 1 2 4 8 1 2 4 8 1 2 4 8
I T T T O A [ T N I
0o0o00go),, 00000000),,,,
Dooogoooof oooooooof
0ogz00000),. ., 00000000,
DOopO0OOOO" " oooooooof ™

Figure 5-7. Chip Layout for Paired RAM's

5.7 USE OF BREAKOUT BOX TO CHECK TP DRIVERS

5.7.1 STANDARD (DUAL UNIVERSAL) TERMINAL PORT

A dual universal terminal port has two transmitter drivers (Ul and U7 or Ul3
and Ul19) and two receiver drivers (U2 and U6 or Ul4 and Ul8) that are not checked by
the Rev 11 or Rev 12 diagnostics unless tests are run to external loop (TSC = 75
through 78). It is possible to check whether these drivers are on or off by use of
the EXAM M function on the TP. The function is monitored by an attached breakout
panel. Comparison of the EXAM M for a port with the status observed on the break-
out panel can show which EM driver is defective. Figure 5-8 shows the pins and sig-
nals for each dip in each channel. Loss of an EIA signal indicates failure of the

associated dip, and need for dip replacement.
5.7.2 ACTIVITY INDICATOR TERMINAL PORT

Rev 11 and Rev 12 diagnostics do not check the two transmitter or two receiver
drivers of the activity indicator terminal port unless tests are run to external
loop. Again, the breakout box can be used to check the signals, as in Section 5.7.1.

Figure 5-9 shows the pins and signals for each dip in each channel.

5.8 USE OF BREAKOUT BOX TO CHECK CONTROL SIGNALS

It is possible to identify and isolate the specific chip causing a failure in a

TP module by using -a breakout box.
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DIP , TO/FROM
FuncTion | o1 ] o2 | Pin | E1a Pin

Ul ul13
> 17
> 15
TRANSMIT | 1488 <
> 5
u7 Ul9g
3 UNUSED
6 \3
TRANSMIT | 1488 | g fi
1N > °
> 22
U6 U8
] >
<
4 <14
RECEIVE | 1489 [ 1o >
13 2
< &
U2 Ul
1 UNUSED
a <18
RECEIVE | 1489 | 1o ”
|13 <o
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J1 - EVEN CHANNEL

J2 - ODD CHANNEL

3 NOT USED 3 NOT USED
Ul 6 > 5 u12 6 > 5
TRANSMIT | 1488 8 4 TRANSMIT | 1488 8 S 3
7 6 7
1 S 3 1] >15
> 17 2 > 17
6 7 6 ~
u7 > 22 ul?7 8
TRANSMIT | 1488 | g Z TRANSMIT | 1488 | g 4
> 8 » > 6
R S5 I > 22
s LA~ T S . B g
RECEIVE | 1489 | o . RECEIVE | 1489 | )0 9
< <
1
L <14
| ' o |1 (<20
ulo "———< 24 lllll'g _."__.__< 25
RECEIVE 1489 10 < 25 RECEIVE 9 10 &
-3 NoT useo - ot useo
Figure 5-9. Signals on Activity Indicator Port Drivers




A breakout box is a pocket-sized item of test equipment used to check out tim-

ing and control signals and verify + or -3V potential on an EIA interface.

It consists of the following, connected in series, (Figure 5-10): a 25-pin EIA
female connector, an array of 24 test-point pins and 24 rocker switches (pin 1, chas-
sis ground - AA, has no pin or switch), 25 pins used for cross-patching with jumpers,
and 14 LED indicator lamps. Two of these lamps are located below the row of switches
and indicate positive or negative voltage levels in excess of 3V. These may be
patched to monitor any line. The connection terminate on the right with an EIA male
connector at the end of a short ribbon cable. The LED's are powered by two pen light
batteries mounted in the cover of the box. The box is 3.75 in. W x 5 in. H x 1.75

in. D. The figure shows an International Data Sciences, Inc. Model 60 Breakout Panel.

Figure 5-11 shows four uses for the box. It can be connected between an NP and
its high-speed modem, between a TP and a terminal, between a TP and an external loop-

back plug, or between a terminal and the high-speed modem.

5.9 ISOLATING TERMINAL PORT '"BX' ERRORS

The term 'BX error' is used to describe any of the events leading to an overflow
of the buffer attached to the output side of a terminal port. BX errors are caused
by any of the several sequences of events listed in Table - . There are normal and
abnormal BX errors. Once there is a distinction between them, the causes of abnormal

errors can be isolated.

The main cause of severe, recurrent BX errors is a bad 7403 IC in the interrupt
acknowledge logic of a terminal port, socket U22. The terminal port containing the
failed 7403 will have a lower address than the port or ports getting the BX errors.
The interrupt acknowledge propagates from card to card through the ASTRO's, through
logic which detects an empty slot in the next card position and through logic which
separates acknowledges for the terminal ports from acknowledges for the network ports.
The 7403's are part of the circuit which bypasses the next slot if it is empty.

7403's which have failed will erroneously detect an empty slot and send a spurious
acknowledge to the second following terminal port card or they will continuously

send an acknowledgement signal to downstream ports.

The odd thing about BX errors which are caused by solidly failed 7403's is

that they do not occur continuously. The exact pattern is complex and not fully
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Figure 5-10. Breakout Box

DCE
6000 6000 DTE
BREAK- BREAK-
HS
Eﬂi*?)*“‘) ouT "'%5>MODEM L OUT
BOX BOX
A. B
EXTERNAL
LOOPBALK DTE DTE DCE
PLUG BREAK- BREAK- "
L TERMINAL TERMINAL [ ouT )
MODEM
BOX | BOX
c D.

Figure 5-11. Breakout Box Applications
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understood, but among other things, BX errors will be a function of card position,

total traffic loading, and traffic loading on individual terminal ports.

Another cause of BX errors is software dependent. It exists only in systems
operating under S49. A set of three nest backplane signals (the nest address lines
(NAO-NA2)) are used to send the acknowledgement level to all the cards in the nest.
These lines are held valid during the first phase of an interrupt acknowledgement
cycle, but are allowed to float during the second phase. During the time NAO-NA2
are valid for terminal port acknowledgement, the acknowledge signal is passed through
the terminal port cards. Once the NAO-NA2 lines are allowed to go into a floating
condition during the second phase, the acknowledge signal may bypass any terminal
port card. If the card which shifts to the bypassing mode during the second phase
is the same card which is responding to the interrupt acknowledge, then a spurious
ACK will be sent to the next terminal port downstream in the nest. If that down-
stream port has not shifted into bypass mode it will receive the faulty acknowledge-

ment and either generate an eventual BX error or an overrun error,

Because of the relatively complex sequence of events and because of the narrow
time window for the sequence to occur, the resulting BX errors and overruns occur
quite infrequently even at high traffic densities for systems operating under S49
software. Systems operating under S46 and S47 are even less liable, due to their

slower speed.

5.10 CAUSES OF BX OVERFLOW

5.10.1 NORMAL BUFFER OVERFLOWS

Dissimilar Terminal Port Speed

The slower terminal port will not be able to output characters as fast as

the higher speed port can input characters. The network link will pass the
characters as they become available from the receive side of the higher speed
port. Therefore, the transmit buffer will gradually fill up until overflow
occurs.

Dissimilar Stop Bit Quantities

When incoming characters use 1 stop bit, but outgoing characters use 2, the
transmit buffer gradually fills, as above.

Terminal Device Too Fast

The device connected to a port is using a clock which is faster than the 6000's
internal clock, but not so much faster that character errors occur. The traffic

must be continuous. The results are the same as above.
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Continuous Space in an Incoming Data Line

When either a tail circuit or a local terminal outputs spaces, and the attached
modem is strapped for SPACE hold, the modem outputs SPACE continually. Since
SPACE is a character, the continuous SPACES transmitted to the remote INP cause
a BX overflow. The cure is to strap the modem to MARK hold.

5.10.2 ABNORMAL BUFFER OVERFLOWS

A terminal port which is requesting service receives an interrupt acknowledge
which is spurious and not generated by the master controller. The interrupt request
is cleared because of the spurious acknowledge but no servicing of the interrupt
request by the master controller takes place. If the spurious acknowledge clears a
transmit request, there will be no further transmit request and a BX error will occur.
If the spurious acknowledge clears a receive request the next received character will

create an overrun condition at the port.

5.11 LOOPBACK TESTING

Terminal ports and network ports are tested in remote and local mode.

5.11.1 TERMINAL PORT LOOPBACKS

Loops at the TP level are single-ended loops (Figure 5-12). They are caused by

setting the mode (M =) parameter to either L or R.

LOCAL NODE REMOTE NODE
REMOTE NODE P T | -
M=L -
REMOTE NODE g LLs ~ ™
M=R -

TP TP

LOCAL NODE g,

M=L .__)

TP TP

LOCAL NODE

M=R C

ve

Figure 5-12. Terminal Port Testing
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5.11.2 NETWORK PORT LOOPBACKS

Loops at the NP level are bidirectional loops (Figure 5-13). They are caused by
setting the mode (M =) parameter to L (loop). When placing a network port in L (loop)
the adjacent node is the node containing the network port.

LOCAL NODE REMOTE NODE
REMOTE NODE g NP N -
M=t - D]( >
LOCAL NODE REMOTE NODE
NP
LOCAL NODE @ W -

Figure 5-13. Network Port Testing

The process of port loopback testing can be used to isolate the most likely

source of transmission failures. Table 5-9 summarizes and locates the failures.

TABLE 5-9. FAILURE TYPES AND LOCATIONS

Type of Loopback Failure Probable Location of Failure
Local TP, local loopback Terminal/DTE interface
Remote TP, local loopback DCE interface

Local TP, remote loopback

Remote TP, remote loopback

Local NP, local loopback
Local NP, remote loopback
Remote NP, local loopback Local operator error

Remote NP, remote loopback Reboot system to recover
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The following examples illustrate the commands necessary to perform the

loopbacks.

SELN (remote node no.) ENTER
SELP (remote TP no.) ENTER
CHNGA M ENTER
R ENTER
or
L ENTER

SELN Local Node # ENTER
SELP Local Port (TP) # ENTER
CHNGA M ENTER
R ENTER
or
L ENTER

SELN hex hex ENTER
SELP 2 ENTER
CHNGA M ENTER
R ENTER
or
L ENTER

Remote loopback of remote TP

Local loopback of remote TP

Remote loopback of local TP

Local loopback of local TP

node number in hex

or other NP port number

Remote loopback of local NP

Local loopback of local NP
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CHAPTER 6
APPLICATION NOTES

6.1 INTRA-NODE COMMUNICATION

Intra-node communication can be verified by utilizing a local network port

operating in local loopback. (See Figure 6-1.)

In Figure 6-1,

NP-2E has its mode parameter defined as: M=1L
TP-0A has its transmit data path defined as: AN = 3, AP = OB
TP-0B has its transmit data path defined as: AN = 3, AP = 0A

NODE 3

TP NP
0A 02

NP LOCAL
2E LoopP

: TP
22

Figure 6-1. Intra-node Communication



6.2 FINE TUNING THE SYSTEM

6.2.1 CODE TYPE

The selection of the code type is based on the number of information bits from
the terminal with start, stop, and parity bits removed. Other considerations are:
a. All terminal data placed in the network frame is Hoffman coded (variable
length prefix code)

b. Compression available with code types 3 and 5 means non-uniform weighting
of the characters in the code set based upon the frequency of utilization
of the character.

c. The code type selects the number of data bits from the user terminal that
will be code converted. See Table 6-1.
The following examples illustrate the relationship between code type and word

length:

Example 1:

If the user terminal is ASCII without parity, use code type 0 because all
eight bits could be used to form characters (required for a graphics
terminal).

Example 2:

For an ASCII terminal with even parity, use code type 2 or 3. Since the
parity bit is externally supplied by the Astro, the 7 information bits
from the code set need to be converted. The choice of code type 2 or 3
would depend upon the actual data and whether compression is needed.

TABLE 6-1. CODE TYPE CHARACTERISTICS

Code Number of Characters
Type Data Bits Possible

0 8 256

1 8 256

2 7 128

3 7 128

4 6 64

5 6 64

6 5 32
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6.2.2 ARQ FRAME SIZE/FIFO LENGTH

The ARQ frame size is the number of frames that are buffered for retransmission
in case a NAK is returned. The value is a characteristic of the network port, and
is selectable as 7, 15, 31, 63, or 127 frames. It must exceed the expected round-
trip path delay for the link attached to the NP. The standard (default) ARQ size is
7, which is sufficient for land lines, but the expected path delay for satellite

links may require up to 127.
The FIFO size can also be set, at 32, 64, 128 or 256 bits in length.

ARQ frame size and FIFO length are related: The FIFO size fixes the minimum
frame length and the ARQ size fixes the maximum number of frames to be buffered.
Therefore, the product of the two is the minimum number of bits of network data that
will be buffered. For error-free transmission, this product must be greater than the

total number of bits of round trip-path delay.

As an example, assume a speed of 9600 bps and a round-trip path delay of

0.120 sec. The round-trip delay in bits is
9600 x .120 = 1152 bits

If the FIFO size (F) is 64 bits the ARQ frame size (AF) must be greater than
1152/64 = 18. The next frame size larger than 18 is 31, which will ensure an ade-

quate buffer for the delay path length.

So, for this configuration, F = 64 and AF = 31.
6.2.3 OPERATION MODE

6.2.3.1 S46 AND S47 OPERATION. For most observed applications modes 2 and 6 seem
to be the most useable. If the terminal protocol is polling and addressing as with
the 3270, Op mode 6 is required to minimize the risk of sync fill during an address
cycle. If mid-message sync fill is not a real problem, then mode 2 should be used.

This would be for higher volume like a remote print on RJE application.

6.2.3.2 S49 OPERATION. Operation modes 4A and 6A appear to be the most useable for
most observed applications. If the protocol is polling and addressed as with the
3270, Op mode prevents the insertion of a SYN fill at the beginning of a BSC message
block. If OM3 = 0, the receive data output (BB, pin 3) will be delayed by the
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quantity of characters specified in decimal by the characteristic CD. If OM3 =1,

the delay will be for the number of frames specified by CD.

If start of message or mid-message SYN fill poses no problem (as with high-

volume remote print on RJE application) Op mode 1 with OM1 = 1 should be set.

6.2.3.3 ANALYSIS OF BUFFER OVERFLOW PROBLEMS. Problem 1: Buffer overflow usually
occurs during bursts of data. For example, if the slot weight is 6 and the terminal
input rate is 7 characters per frame, data will build up in the buffer at the rate of
one character per frame. If this situation continues, eventually the buffer will

overflow, and the error message BR will be displayed on the self-scan.

The rate of buildup of asynchronous data can be tested with an IDS Model 1300
TDM-Modem Test Set. With the remote node in remote loop, connect the 1300 with
settings as follows: DTR and RTS at OFF, PATTERN at MARK, and CODE LEVEL at infinity
and ﬁoWer on. Next, raise DTR, raise RTS, set CODE LEVEL to the proper value, and
set PATTERN to 63. Select proper PARITY and STOP BITS settings. The preceding steps

will assure that the code word buffers are freed from the port.

For high-density synchronous traffic, such as that between two computers, the

following test will disclose a potential problem.
Again use the IDS 1300.

With the IDS in sync, raise the TX error switch and observe the time inter-

val until the display starts clocking errors. Wait about 3-5 minutes, then raise
the TX error switch and see if the interval has substantially increased. If it has,

the slot weight for the port is too low.

Problem 2: Buffer Overflow (BR). Monitor the Error Density factors for the
node. This will indicate the frame retransmission rate and will cause buffer over-
flow due to the reduced throughput and buffer buildup. The larger the value of slot
weight, the better the burst data protection in a high error rate situation. Also,

longer network outages can occur before losing data.

Buffer Multiplier: With one RAM module, a system has about 720 code word buf-
fers that can be allocated for storage of TP data. Each buffer can hold 7 to 14

characters (depending on encoded data length).

The buffer multiplier should be set to a value that will allow use of all the

buffers. To calculate this the following formula can be used:



SW X B > 720 The sum of all slot weights from port 04 to N (highest
number) times the buffer multiplier should be greater
than 720.

oMz

Example: Ten ports

04 = 7200 bsc Sw = 48
05 = 2400 bsc Sw = 12
06 = 300 s/s Sw = 4

0D 300 s/s Sw = 4
Sum of Sw = 48 + 12 + 8 x 4 = 92

If the Buffer Multiplier is set to 3, then the maximum number of buffers that

could be used would be:
92 x 3 = 276.

Over 445 buffers in the pool would be unused, and yet the system would be 'out" of
buffers.

This now raises the question: raise the slot weight or the Buffer Multiplier?
The answer is to do both. The two BSC channels may suffer from excessive delay. In
this case, their slot weight would be increased. Then, after that change, the Buffer
Multiplier should be raised so that the product of the sum of the slot weights and

the buffer multiplier is greater than 720.
In summary, there is no table of values to use for all situations. With the

6000, the more that is known about the user's data, the better his system can be
tuned to handle his operation.
6.2.4 TP SLOT WEIGHT/BUFFER MULTIPLIER

The slot weight is the maximum number of characters one port can insert into
one network frame. The Buffer Multiplier is the factor applied to the slot weight
that determines the maximum number of code word buffers the port can take from the

system buffer pool:

The Operation Manual gives some suggested values to be used for both factors.
These were arrived at as average useage. Since no system or terminal is average,
observation of the effect that variation of these parameters has on system operation

will finally determine their final values.

Increasing the value of the slot weight usually presents no problem. The

problem normally arises when it is set too low.
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6.2.5 THRESHOLDS

There is another area where there are no fixed answers. In practice, the alert
messages should only be sent to alert the operator to a problem. Frequency messages

reduce the value of the report system.

Threshold alarms (alert messages) are Monitor functions. These differ from the
statistic display in that they are an instantaneous measurement against a limit,
rather than a time-averaged element. An alert message for Error Density could be
received and examination of the statistic would reveal that the parameter is way
below the set threshold. The statistics displayed are time averaged against the

system time-constant and reflect the long term measure of the element.

With the above in mind, what we should consider is when will intervention be
required. These points should be evaluated and they would set out thresholds. For
example:

NAKS R X

_— %
1. Error Density = Frames TX x 100

With an error density of say 5% let's see what the bit error rate would
be. Assume FIFO is 256 and we are using a minimum frame length.

5 Naks or 1 Nak or 1 Nak or 1 Nak
100 Frames 20 Rrames : 20 x 256 5120 Bits

If we further assume single bit errors, it would mean 1 error per 5120 bits
or a bit error rate of 1 part in 5 x 103. Relating this to the Codex 9600
modes, it would mean the good data lamp out and the marginal circuit lamp
on "solid".

In thinking of communications, the above may or may not be a problem. A single
hig or modem retrain could cause the error density to exceed the threshold. It
would also be necessary to examine the statistic to see if any long term problems
exist.

Again the numbers in the book are only guidelines and each system may be
different.

6.2.6 POWER SUPPLY ADJUSTMENT

The outputs of the 200W power supply are adjusted at the factory and rarely need
adjustment in the field. To check the outputs, use a portable multimeter. The
most rugged for field use is a 3-1/2 digit portable digital multimeter, of which
there are several on the market. A Fluke model 8020A is satisfactory, with an

accuracy within 0.25% of actual, *1 digit.



Measure +5Vdc on the top of the MC1 card, across one of the filter capacitors.
It must read +5V * 0.10Vdc.

Measure the +12 and -12Vdc on TB1 of the power supply: +12 at TB1-7 and -12 at
TB1-8. They must be nominal *0.2Vdc.

Figure 6-2 shows the locations of the adjustment pots on the three power sup-
plies that may be encountered in the field. Identify the models by the presence or
absence of heat sinks on the end of the unit and the layout of the boards as shown

in the figure.

NOTE
The 400W power supply is not adjustable.
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APPENDIX A
GLOSSARY

This glossary defines terms as used in manuals about the 6030/6040 series of

Intelligent Network Processors.

For convenience and brevity, the 6030 and 6040 series of intelligent network

processors are referred to collectively as the 6000 INP's, or even more simply, INP.

ACK

ADJACENT NODE

ADJACENT PORT

ARQ

AUTOECHO

AUTOSPEED

Affirmative acknowledgement sent by a receiver to a trans-
mitter that a message frame was received intact.

The next node logically in the communications link.

ADJACENT ADJACENT
TO NI LOCAL TO N1
NODE NODE NODE
0 1 2
LOCAL ADJACENT TO LOCAL
NO & N2

-The port in an adjacent node to which a port in the local
node is connected.

Automatic Repeat Request. In the 6000, an error-detection
scheme is employed so that the reception of erroneous data
initiates a request for retransmission of all frames follow-
ing the last frame received intact.

Automatic serial loopback of data received in asynchronous
mode from a local TP.

Automatic determination of the baud rate of incoming data.
The rate is defined by the first character - the control
character - sent by the terminal. The local 6000 transmits
this to the receiving node, which converts it to the ASCII or
EBCDIC hex equivalent that can be read by the receiving host
computer.
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BSC

BUFFER

BUFFER MULTI-
PLIER

CONFIGURATION
MEMORY
(CMEM)

CONTROL TERMI-
NAL PORT

ENTROPY

FRONT END

GO-BACK-N-
ARQ

LOCK BYTE

LOCK BYTE AREA

Binary Synchronous Communication. An IBM synchronous half-
duplex line protocol, and hardware interface specification.
Three code sets will be used: EBCDIC, USASCII, and 6-bit
Transcode.

Temporary memory storage for data.

A nodal parameter to limit the maximum number of data buffers
that any port can use at a given node. The maximum number is
proportional to a port's slot weight times the buffer multi-
plifer. A buffer multiplier of 5 is recommended for standard
systems.

A non-volatile memory used to maintain off-line configura-
tion information. Modified when the configuration is changed
via control terminal port or operator console.

A standard terminal port that (1) is asynchronous, (2) has an
ASCII, start/stop asynchronous terminal attached, and (3) is
designated as a Control Terminal Port when the network is con-
figured. It communicates interactivity with the 6000 in half-
duplicates. The attached terminal can be used in place of an
Operator's Console to configure the network and perform all
the other functions of an Operator's Console in the Program
and Monitor modes. However, it cannot be used for diag-
nostics. The attached terminal may be the terminal control
unit of a host computer.

The theoretical average minimum number of bits required to
represent all characters of a code.

A processor attached locally to a host computer through a
terminal handler. It assumes management of the telecommuni-
cations network and presents error-free data from the net to
the host computer, in a defined, constant format from a single
source.

An automatic repeat request that compensates for path delays
in satellite circuits. Frames are transmitted continuously
with no wait for an ACK, until a NACK is received. Then the
transmitter goes back n frames to the beginning of its buffer,
and retransmits. The value of n is set to account for path
delay.

An addressable byte used to control access to a common area
of RAM (a lock byte area) that is used by all processors, so
that a processor cannot access the area if another processor
is using it. The purpose is to protect critical programs that
are running.

An area of memory that is common to all processors. It pro-
vides processors with exclusive access to 256-byte segments

of RAM. This prevents interruption of a critical program by
other processors. The key to each segment is an 8-bit '"lock
byte." When a processor addresses the byte and reads it, it



NACK

NEST INTERFACE
CARD

NETWORK PORT

NIC
NODE

NP

NP BOOT

PORT

PORT NEST

PROCESSOR
RAM

ROM

SLOT WEIGHT

clears the byte to all O's. Another processor addressing the
same byte finds all O's and retries at the cycle rate until
the first processor has written the byte back.

Negative Acknowledgement. A message sent by a receiver to a
transmitter that an incomplete or garbled frame was received.

A hardware module used to terminate the incoming bus from the
mainframe, drive the port nest I/0O bus, and redrive the main-
frame I/0 bus to the next port nest.

A physical port through which data is transferred to and from
a communication link to another INP.

See Nest Interface Card.
A point in a communication network where an INP resides.
See Network Port.

The NP BOOT function, which is automatically implemented,
causes the adjacent node to reload the last booted configura-
tion. The NP BOOT occurs when the local node does not receive
any response to the frames sent as governed by the AF = (ARQ
Frame size) parameter.

The following chart lists the timeouts before the first NP
BOOT occurs:

ARQ SIZE TIME
7 40 sec.
15 90 sec.
31 135 sec.
63 185 sec.
127 240 sec.

After the first NP BOOT occurs, an NP BOOT is sent every 10
seconds. During the 10-second period, any queued frames are
transmitted.

If the carrier signal from the trunk modem is low, the NP BOOT
function is not allowed.

A logical or physical communication entity, through which data
enters and leaves the 6040.

A chassis containing a nest control card, network ports, and
terminal ports.

A hardware module (card) containing a microprocessor.
Random Access Memory.
Read-Only Memory

A value used to control the maximum rate of service for a
terminal port. For uniformly proportional servicing, the
following formula can be used:

(rounded to nearest integer,
but at least one)

terminal speed
300

= slot weight



TAIL CIRCUIT

TERMINAL PORT

TP
TRANSFER PORT

UNIVERSAL
TERMINAL PORT

XP

TERMINAL PORT
BUFFER

A point-to-point circuit that connects a remote terminal to a
port in a local node. Since the terminal is remote, the con-
necting communication link requires a modem at each end to
assure error-free data reception. A special crossover cable
connects the local modem to the net port.

A physical port through which data is transferred to and from
a local user terminal. Two ports reside on one terminal port
card. There is one terminal port for each terminal; multi-
dupped terminals are connected to a terminal handler which
functions as a single-terminal in the net.

See Terminal Port.

A unidirectional intermediate port in a multinode terminal
port transmit or receive data path.

See Terminal Port.

See Transfer Port.

Storage for character received from the terminal port. Each
terminal port is allocated an emitted amount of buffer space.
The 1imit is defined by the buffer multiplier.



APPENDIX B
6030/6040 SYSTEM OPTIONS

B.1 HARDWARE OPTIONS

Both hardware and firmware options are available to interface the communications
processing capabilities of the 6030/6040 series INP's. Brief descriptions of the

options follow.

6103 Processor Module
This option is a plug-in assembly that provides the 6040 series with an addi-

tional processor for incremental processing and throughput capabilities.

6114 Buffer Memory
This option is a plug-in assembly that provides an additional 16K byte incre-

ment of RAM buffer storage.

6120 Operator Console
An Operator Console is available to select, examine, and modify configuration,
status, and performance data anywhere in the network. It also serves as a hardware

diagnostic/test panel during installation and maintenance.

The Operator Console contains a self-scan alphanumeric 32-character (5 x 7 dot)
display, an 18-key multifunction keyboard, indicators, and a locking power/function

switch.

Alternately, using the Control Terminal Port Support Option 6321, any unassigned
terminal port can be designated a control terminal port, enabling most asynchronous
terminals or a host computer to perform the tasks of monitoring, interrogation, and

reconfiguration.

6122 Configuration Memory Expansion

This option provides additional non-volatile configuration memory for up to 32
ports. The incorporation of this option provides the 6040 with the capability of
storing alternate network topologies having different characteristics. This is
particularly useful in day/night operations where different types of terminals are

used or when a fall-back configuration or alternate network topology is desired.
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6130 Dual Universal Terminal Port Module

The 6130 is a single plug-in module that provides two independent RS-232-C or
CCITT V.24 terminal interfaces. Each interface may be asynchronous or BSC synchro-
nous and can appear as a modem (DCE) or as a data terminal (DTE) depending upon the

interface cable used to connect the port module to its input/output device.

A port is configured by entering its characteristics (type, speed, code, data
bits, parity, etc.) and other parameters into memory via the Operator Console or

Control Terminal Port.

Up to three control signals may be passed end-to-end bidirectionally. Clear to
Send is looped back locally from Request to Send with a switch selectable delay. The
port module also recognizes and passes ''break'" and provides a loop control feature

to appropriately loop data and control signals.

The standard asynchronous speeds supported include 75, 110, 134.5, 150, 300,
600, and 1200 bps.

When operating in the BSC synchronous mode, ASCII or EBCDIC codes are supported
as well as the transparent text mode. The following code dependent functions are
implemented:

- Character framing via SYN characters.

- Recognition of transparent/non-transparent text mode transitions.

- Strip/insertion of idle time fill characters.

Clocks are strap selectable on the Terminal Port Module. The terminal port
(DCE) receive clock can be selected from the receive or transmit clocks supplied by
the Data Terminal Equipment (up to 9600 bps), or from a set of clocks supplied on the
Terminal Port Module (1200, 2400, 3600, 4800, 7200 or 9600 bps). The terminal port
(DCE) transmit clock can be selected as the DTE transmit clock or can be the same as
the terminal port receive clock. Output transmit and receive clocks are generated

from the selected DCE receive clock.

6131 Activity Indicator Terminal Port

Option 6131 is a single plug-in module that performs the same functions as the
standard (dual universal) terminal port module. The activity indicator terminal port
incorporates the following enhancements:

. Four LEDs are mounted on the rail of the card. They show input and output
signal activity for each channel on the card.



° Control signal strapping capabilities have been improved.

. The new board layout facilitates installation of small scale, customer-
special circuitry. A three-DIP subassembly can be cleanly mounted on
board and connected by wire wrap.

° The EIA drivers are supplied with 19V instead of t12V, which increases
reliability and MTBF.
The option supports the same standard asynchronous speeds as Option 6130, and

provides the same clock speeds and sources.

6136 Non-Standard Data Rates

This option provides non-standard terminal port data rates for those applications
which require other than standard Codex-supported data rates. Each non-standard rate
replaces any one of the following standard rates:

Asynchronous 75, 110, 134.5, 150, 300, 600, 1200 bps

Synchronous 1200, 2400, 3600, 4800, 7200, 9600 bps
6140 Network Port Module

This option consists of two plug-in assemblies that provide an additional high-
speed output port. Each 6040 base unit includes two 6140 modules and will accommo-
date additional network ports as a function of its processing capabilities, through-
put requirements and the trunk utilization. The network port will operate at speeds
up to 19.2 Kbps and presents a Data Terminal Equipment Interface (DTE) at its EIA

type port connector.

6150 Dual Current Loop Terminal Port Module

The 6150 is a single plug-in module that provides two independent high level
current interfaces to current loop Data Terminal Equipment at standard asynchronous
speeds. The voltage swing may be up to 170V with neutral signaling on 85V with polar
signaling at 20 to 60 ma. The current loop interface is provided on the port module

25-pin connector.

Pin Signal
2 +Batt
4 -Batt
6 Xmit

23 Hi

20 Lo
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The 6150 may be field strapped to provide any of the following operations:

Polarity Current
Positive neutral 20, 40 or 60 ma.
Positive polar 20, 40 or 60 ma.
Negative neutral 20, 40 or 60 ma.
Negative polar 20, 40 or 60 ma.
Half-duplex neutral 20, 40 or 60 ma.

6153 Current Loop Terminal Port
The current loop converter module provides a high-level conversion for neutral

or polar current signaling.

The option provides for asynchronous type data flow in the same manner as
standard asynchronous data. However, no EIA control information is passed, and if
the loop is broken, constant break characters (continuous space) is sent to the

remote end.

6161-6166 MIL-STD-188C Port Modules

This series of modules provide EIA to MIL-STD-188 level conversion between the
6130 Terminal Port Module and Data Terminal Equipment or Data Communications
Equipment at speeds up to 9600 bps. The 6160 universal option nest is used to house
up to 16 of the MIL-STD-188C modules. Two 25-pin female connectors (wired as DCE)
are provided on each module. One provides the EIA connection to the 6040 port
module via a cross-over cable included with the option. The other connector provides

the MIL-STD-188 interface to customer equipment.

Model Provides Level

Number Conversion Between Speed
6161 Terminal Port and Terminal to 2400 bps
6162 Terminal Port and Terminal over 2400 bps to 9600 bps
6163 Terminal Port and Modem to 2400 bps
6164 Terminal Port and Modem over 2400 bps to 9600 bps
6166 Network Port Trunk Modem to 9600 bps

6155 220 Volt Power Option
This option provides for the necessary conversion from 110 volt operation to

220 volt operation.

6156 Rack-Mountable Power Supply
This option provides a rack-mountable power supply for use with the 6161-6166
MIL-STD-188C converter modules.



B.2 FIRMWARE OPTIONS

Non-standard Firmware Modules. The following optional 6030 modules are included
with the basic 6040.

6301 Statistics and Performance Monitoring Package

The Statistics and Performance Monitoring Option provides an on-line facility
for the collection, computation and reporting of statistical measures of network per-
formance. Additionally, it reports when abnormal conditions occur or user-preset
threshold levels are exceeded. Information is reported via the Operator Console or

a Control Terminal Port.

This option provides a two part facility: statistics gathering for network and
terminal ports, and the monitoring of certain crucial information (i.e., abnormal or
critical system conditions). The monitoring function is a background activity and
is always enabled. Statistics gathering is performed in real time and can be selec-
tively enabled/disabled on an individual port basis by operator command, in order to
prevent unnecessary loading of the 6000 processor. Statistics gathering is con-
cerned with long-term averages, while monitoring functions deal with real-time

conditions.

6330 Asynchronous Terminal Support

The 6330 option provides the necessary firmware to support asynchronous communi-
cations at seven standard speeds (75, 110, 134.5, 150, 300, 600 and 1200 bps) with
corresponding code/data bit/stop bit format. Up to three control signals are passed
bidirectionally (DSR, CAR, RNG, or DTR, RTS and Spare).

6335 BSC Synchronous Terminal Support
The 6335 option provides the necessary firmware to support IBM Binary Synchro-
nous Communications with ASCII or EBCDIC codes, including the transparent text mode

of operation.

In addition, the 6040 includes as standard firmware functions: Basic Multinode
Support, which allows implementation of multinode networks, including transfer ports;
ASCII and 2741 Data Compression, which provide coding tables which compress typical

ASCII or 2741 source data using variable-length (Huffman) codes.
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B.3 OPTIONAL FIRMWARE MODULES

6320 Operator Console Support

This option provides the necessary firmware to support the 6120 Operator Console.

6321 Control Terminal Port Support

This option provides the necessary firmware to support any specifically desig-
nated asynchronous ports as a Control Terminal Port. Any start/stop ASCII terminal,
or CPU port, may be attached to the CTP and thereby provide the capabilities equiva-

lent to the program and monitor modes of the Operator's Console.

6322 Operator Console and Control Terminal Support

This option combines the features of 6320 and 6321 into one firmware package.

6323 Supervisory Communication Support
Supervisory Communication Support (SCS) is a firmware option that provides
users of the 6000 INP with the capability to send addressed messages (datagrams)

between Supervisory Communications Ports (SCP's) in a 6000 network.

An SCP is an asynchronous ASCII terminal which connects to the 6000 through an
EIA terminal port (TP) interface. The SCP is configured as a control terminal port
(CTP) with subtype 2. Messages consist of a decimal message sequence number supplied
by the 6000, and destination address(es) and text body supplied by the user. Mes-
sages are transmitted using the address packet system currently implemented in the
6000. At an SCP, received messages are identified by node of origin and the message
sequence number. Since SCP's use a half-duplex protocol, messages are buffered at
the output so that received messages will not be lost while the SCP is inputting.
Both flow control and error control procedures are used to deliver messages effi-

ciently without significantly impacting normal system performance.
No new hardware is required for the SCS option.

6324 Report Logging Control Terminal Port

The Report Logging Control Terminal Port (RL/CTP), provides the 6030 and 6040
INPs with the capability of presenting system reports to attached Data Terminal
Equipment. Reports may be output as they occur, or may be queued and output on a
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