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Note

Before using this information and the product it supports, be sure to read the general information under “Notices”
on page Xxi.

5494 Microcode

In this document, the term code refers to microcode.

Fifth Edition (August 1995)

This edition applies to Release 3.1 of this product and to all subsequent releases and modifications until otherwise indicated in new
editions.

Order publications through your IBM representative or the IBM branch office serving your locality. Publications are not stocked at the
address given below.

Forms for reader's comments appear at the front and back of this publication. If the forms have been removed, address your
comments to:

IBM Corporation

Design and Information Development, Department E02
P.O. Box 12195

Research Triangle Park, NC 27709-9990

US.A.

When you send information to IBM, you grant IBM a nonexclusive right to use or distribute the information in any way it believes
appropriate without incurring any obligation to you.
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About This Manual

This manual describes how the IBM 5494 Remote Control Unit uses Systems
Network Architecture (SNA), Synchronous Data Link Control (SDLC), X.25, X.21,
token-ring, or Ethernet to communicate with the Application System/400 (AS/400)
system. In addition, this manual describes how the 5494 manages the attached
workstations and converts network data streams into protocols for
nonprogrammable workstations (NWSs) and printers.

This manual supplies information about the 5494 required by the systems
programmer to:

¢ Generate valid output data streams
¢ Process input data streams
¢ Evaluate network error conditions.

Who Should Read This Manual

This manual is for the programmer who is familiar with SNA and communication
protocols. This manual does not contain a comprehensive overview of SNA, SDLC,
X.25, X.21, or LAN protocols. To find more information on these subjects, see
“Related Publications” on page xxv.

How This Manual Is Organized

Chapter 1, Introduction to the 5494 Remote Control Unit
This chapter briefly describes the 5494 and provides an overview of how the 5494
communicates with both the AS/400 system and workstations.

Chapter 2, Synchronous Data Link Control Support
This chapter describes the SDLC support provided by the 5494.

Chapter 3, X.25 Packet Switched Network Support
This chapter describes the X.25 support provided by the 5494.

Chapter 4, X.21 Switched Public Data Network Support
This chapter describes the X.21 support provided by the 5494.

Chapter 5, V.25 bis Serial Automatic Calling Support
This chapter describes the V.25 bis support provided by the 5494.

Chapter 6, LAN Support for Token-Ring and Ethernet
This chapter provides information about 5494 support for attachment to token-ring
and Ethernet networks.

Chapter 7, Frame-Relay Support
This chapter provides information about 5494 support for Frame-Relay networks.

Chapter 8, Type 2.1 Node Support
This chapter provides information about 5494 support for the Type 2.1 (T2.1) node.

Chapter 9, SNA Subarea Network Support
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This chapter describes how to communicate with an AS/400 system through an
SNA subarea network.

Chapter 10, Nonprogrammable Workstation Support
This chapter provides the functional details for nonprogrammable workstation
(NWSs) attached to the 5494.

Chapter 11, 5250 Shared Addressing
This chapter provides the functional details for the twinaxial shared addressing
support between the 5494 and the AS/400 system.

Chapter 12, Programmable Workstation Support
This chapter provides the functional details for programmable workstation (PWSs)
attached to the 5494.

Chapter 13, Systems Network Architecture Support
This chapter describes the SNA support provided by the 5494.

Chapter 14, Network Management Support
This chapter discusses the 5494 SNA alert functions and the Response Time
Monitor (RTM) features.

Chapter 15, Display Data Streams
This chapter describes the format of display data streams supported by the 5494.

Chapter 16, Keyboard Functions
This chapter describes the keyboard modes and functions supported by the 5494.

Chapter 17, Display Pointer Device (Mouse) Support
This chapter describes the pointer device (mouse) characteristics and functions
supported by the 5494,

Chapter 18, Printer Data Streams
This chapter describes the format of printer data streams supported by the 5494,

Chapter 19, Communication Interfaces
This chapter describes the EIA 232D, X.21, and V.35 physical interfaces supported
by the 5494.

Appendix A, ldeographic Enhancements
This appendix contains information about ideographic data entry and processing.
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Summary of Changes

Fifth Edition (August 1995)
This manual supports the IBM 5494 Remote Control Unit Release 3.1.

Where applicable, information has been added for:
¢ Frame Relay Communications
e Concurrent host attachment using a single physical link
e 5250 Video Delivery

Technical changes or additions to the text and illustrations are indicated by a
vertical line to the left of the change.
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Chapter 1. Introduction to the 5494 Remote Control Unit

This chapter briefly describes the IBM 5494 Remote Control Unit and provides an
overview of how the 5494 communicates with both the Application System/400
(AS/400) system and workstations.

Description of the 5494

The 5494 controls communication between the workstations and the AS/400
system. Using the 5494, one AS/400 system can serve the local site, as well as
multiple remote sites. Using concurrent host attachment, the 5494 can
communicate with up to four AS/400 systems at a time.

In addition to being a communication controller, the 5494 is an editing controller.
As an editing controller, the 5494 processes:

¢ Display data streams from the AS/400 system to workstation displays

¢ Keystrokes from the workstations

¢ Print data streams from the AS/400 system to printers

¢ ldeographic character data streams from ideographic workstations to the
AS/400 system.

This local processing improves response time and reduces the processing load on
the AS/400 system.

5494 Communication with the AS/400 System

The 5494 communicates with the AS/400 system through a Type 2.1 (T2.1)
connection using any of the following physical interfaces:

e EIA 232D (V.24/V.28)

e V.35

o X.21

* Token-ring

¢ Ethernet (BNC, RJ-45, or 15-pin D-SUB)

The 5494 supports the following communication protocols for link establishment and
end-to-end communication with the AS/400 system:

X.21 switched For automatic call establishment when using an X.21 physical

interface.

V.25 bis For automatic call establishment when using an EIA 232D
(V.24/V .28) physical interface.

SDLC For end-to-end link communication with the AS/400 system.

X.25 For communication with the AS/400 system through a packet
switched network.

Token-Ring For communication with the AS/400 system through a
token-ring network.

Ethernet For communication with the AS/400 system through an Ethernet
network.

© Copyright IBM Corp. 1992, 1995 11



Frame Relay For communication with the AS/400 system through a
’ frame-relay network.

SNA For exchange of information with the AS/400 system. The 5494
communicates with the AS/400 through Systems Network
Architecture (SNA) LU 6.2 sessions. For programmable
workstations (PWSs), the 5494 supports end node
pass-through. For nonprogrammable workstations (NWSs), the
5494 encapsulates SNA LU 4 printer sessions and SNA LU 7
display sessions within SNA LU 6.2 sessions.

Network Options

The 5494 can interface with a communications network, a local area network
(LAN), or both.

Communications Network Options

LAN Options

For the 5494, the interface with the communications network includes transceiver
electronics inside the 5494, a physical connector at the back of the 5494, a
communications cable, and either a modem or data circuit-terminating equipment
(DCE) that is external to the 5494. Although all models use the same 26-pin
connector block at the back of the 5494, each type of communications cable has a
different combination of signal lines.

A Token-Ring Upgrade kit and an Ethernet Upgrade kit are available for the 5494.
The Token-Ring Upgrade kit includes a 5494 Token-Ring Adapter and a
communications cable and connects to an external multistation access unit
(MSAU). The Ethernet Upgrade kit includes a 5494 Ethernet Adapter and a
T-connector which can be used with a 1T0BASE2 connection. The Ethernet adapter
may alternatively use 10BASE5 or 10BASE-T connections.

Network Attachment

The 5494 can attach to several different types of communication networks.

Table 1-1 shows the interface requirements, communication protocols, and
corresponding 5494 cable type for each of these networks. The 5494 always uses
SNA protocols in its operation. For more information about network services and
requirements, contact individual network suppliers.

Table 1-1 (Page 1 of 2). Networks Supported by the 5494

Communication 5494

Network Interface Requirements Protocol Cable Type

Analog switched or leased EIA 232D interface with synchronous  SDLC or EIA 232D
modem V.25 bis/SDLC

X.21 Public Data Network switched or EIA 232D interface with X.21 bis SDLC EIA 232D

leased DCE

X.25 Packet Switched Network V.24/28 interface with X.21 bis DCE X.25 EIA 232D

X.21 Public Data Network leased X.21 interface with X.21 DCE SDLC X.21

X.21 Public Data Network switched X.21 interface with X.21 DCE X.21/SDLC X.21

X.25 Packet Switched Network X.21 interface with X.21 DCE X.25 X.21
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Table 1-1 (Page 2 of 2). Networks Supported by the 5494

Communication 5494
Network Interface Requirements Protocol Cable Type
High-Speed Analog V.35 interface SDLC V.35
Fractional T1 V.35 Interface with Fractional T1 SDLC V.35
Multiplexer
Dataphone Digital Service V.35 interface with Data Service Unit  SDLC V.35
(DSU) )
X.21 Public Data Network switched or V.35 interface with X.21 bis DCE SDLC V.35
leased
X.25 Packet Switched Network V.35 interface with X.21 bis DCE X.25 V.35
Token-Ring Network Token-Ring |EEE 802.5 Token-Ring |IEEE Token-Ring

802.2

Ethernet Network

Ethernet IEEE 802.3
or Ethernet DIX Version 2.0

Ethernet IEEE
802.2

User-supplied

Frame-Relay Network X.21 interface with X.21 DCE Frame Relay X.21
IEEE 802.2

Frame-Relay Network V.35 interface Frame Relay V.35
IEEE 802.2

Communication with Workstations
The 5494 can support up to eight twinaxial ports for attaching workstations. A

maximum of seven workstations can be attached to any port, for a maximum of 56
workstations. The 5494 with a LAN adapter (token-ring or Ethernet) allows either of
the following types of attachment:

¢ Attachment of the 5494 to a LAN to which the AS/400 system is attached (LAN
AS/400 Attachment configuration)

» Attachment of workstations on a LAN to a 5494 (LAN Gateway configuration).
In a LAN Gateway configuration, the 5494 supports as many as 80 workstations.
As many as 56 of these workstations can be attached to the 5494 through twinaxial

ports if the Twinaxial Expansion Kit is installed, or 28 workstations if it is not. The
remainder (or all 80 workstations) can be attached to the 5494 through a LAN.

Refer to the 5494 Remote Control Unit Planning Guide for information about
suggested configurations and additional device support.
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Chapter 2. Synchronous Data Link Control Support

SDLC is a protocol that manages code-transparent, serial-by-bit information transfer
between nodes that are joined by data links. SDLC supports data transmission in
only one direction at a time (referred to as half-duplex transmission). The 5494 is
always the secondary station and the AS/400 system is the primary station.

The link connection can be a point-to-point or multipoint configuration. A
point-to-point link can be leased or switched. SDLC includes comprehensive
detection and recovery procedures for transmission errors that may occur on the
link.

This chapter describes only those components of SDLC implemented in the 5494.
For a comprehensive description of SDLC, refer to Synchronous Data Link Control
Concepts.

Note: In this book, all data strings are presented with the most significant byte on
the left. Byte and bit numbers are also written from left to right beginning with byte
0 bit 0 as the most significant bit.

Physical Line Attachment Considerations
The following information provides an overview of SDLC line attachment options.

Physical Lines Supported

The 5494 supports SDLC over the following types of communications lines:

Leased through the following interfaces:

Physical Interfaces Line Speeds

EIA 232D (CCITT V.24/V.28) 2400 through 19200 bps
CCITT V.35 2400 through 128000 bps
CCITT X.21 2400 through 128000 bps

Switched through the following interfaces:

Physical Interfaces Line Speeds

EIA 232D (CCITT V.24/V.28)! 2400 through 19200 bps
CCITT V.35 2400 through 128000 bps
CCITT X.212 2400 through 128000 bps

1 Automatic call procedures using the V.25 bis protocol can be used to establish a connection on a switched line. Once the
end-to-end connection is made, SDLC protocols are used for link communications. For a detailed description of V.25 bis auto-dial
protocol support, see Chapter 5, “V.25 bis Serial Automatic Calling Support.”

2 Call procedures using the X.21 switched protocol are used to establish a connection. Once the end-to-end connection is made,
SDLC protocols are used for link communications. For a detailed description of X.21 switched protocol support, see Chapter 4,
“X.21 Switched Public Data Network Support.”
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Zero-Bit Insertion

The 5494 communications adapter performs zero-bit insertion/deletion on
transmitted and received frames in order to maintain the uniqueness of beginning
and ending flags.

DCE Support

The 5494 supports only synchronous DCEs (modems). Synchronous DCEs
provide the transmit and receive clocks for the data terminal equipment (DTE).

Transmission Encoding

The 5494 supports both non-return-to-zero (NRZ) and non-return-to-zero inverted
(NRZI) encoding of transmitted and received data. NRZ/NRZI| operation is set in
user configuration.

NRZI encoding is needed for certain DCEs to prevent extended periods of
transitionless data due to transmission of contiguous 0 bits. NRZ is recommended
for use on digital networks and with digital DCEs.

For NRZ/NRZI considerations during V.25 bis call setup, see Chapter 5, “V.25 bis
Serial Automatic Calling Support.”

Automatic Retraining Sequences

Certain DCEs (modems) drop their ready for sending (RFS) signal during an
automatic retraining sequence.

The 5494 tolerates the loss of the RFS signal for up to 10 seconds on a duplex
point-to-point line.

Switched Network Considerations

The following sections discuss considerations for switched network
communications.

Operator Network Interface

2-2  Functions Reference

SDLC is designed to provide end-to-end communication services and requires links
between all participating stations to be active and in their data-transfer state.

SDLC does not provide switched-link call placement services. The 5494 does,
however, support two forms of call placement to use with SDLC, depending on the
network used, and the modem or DCE used to effect data transfer. These services
are:

o X.21
e V.25 bis.

Table 1-1 on page 1-2 shows the configurations supporting each of these
circuit-switched protocols. Chapter 4, “X.21 Switched Public Data Network
Support” describes the functional and operational characteristics of the X.21
protocol. Chapter 5, “V.25 bis Serial Automatic Calling Support” describes those
associated with the V.25 bis protocols.



For detailed information on using the operator network interface, refer to the IBM
5494 Remote Control Unit User’s Guide.

Switched Line Connection Sequence

The connection sequence occurs following startup and following any disconnection
of the line.

The 5494 supports two switched network connection modes. The chosen mode is
set during user configuration. The 5494 and the attached DCE must support the
same connection modes.

Data Terminal Ready (DTR) (108.2): In this mode, the 5494 enables the DTR
signal to indicate the 5494’s readiness to accept a call or to enter a data-transfer
state. The 5494 then monitors the line at 50-millisecond intervals for an enabled
data set ready (DSR) signal that indicates entry into a data-transfer state. To guard
against DSR bounce conditions, DSR operation is monitored for a minimum of 50
milliseconds.

Connect Data Set to Line (CDSTL) (108.1): In this mode, the 5494 waits for an
enabled calling indicator (Cl) that shows the presence of an incoming call, or for an
enabled DSR that indicates the DCE'’s readiness to enter into the data-transfer
state. After monitoring for a bounce condition (20 milliseconds for Cl, 50
milliseconds for DSR), the 5494 enables the CDSTL line and waits for DSR, if DSR
is not already on. DSR must be turned on within 10 seconds of the time that Cl is
turned on for a call to be accepted.

Switched Line Disconnection
The 5494 drops DTR and request to send (RTS) to initiate a switched line
disconnection in the following situations:

¢ Immediately after receiving an SDLC Disconnect (DISC) command and
returning an unnumbered acknowledgment (UA) response.

» Following a Receive or Transmit inactivity timeout. For more information, see
“Timeout Conditions” on page 4-6.

¢ Following the loss of the DSR signal from the DCE (modem).

Echo Suppressors and Cancelers

A 500-millisecond line quiet period is provided before enabling the RTS signal each
time a call is attempted on a half-duplex switched line. This is done to enable any
echo suppressors used in the circuit.

A 500-millisecond white noise transmission period is provided after activating RTS

and before transmitting data each time a call is attempted on a switched line. This
is done to allow time for any echo cancelers in the transmission path to converge.
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X.21 Network Considerations

The following additional network considerations are valid for SDLC operation on an
X.21 public network:

Support Characteristics: SDLC operation on an X.21 leased network through
the X.21 or X.21 bis interface is supported through a duplex point-to-point or
multipoint connection.

Ready State: The DCE-ready state or activation of the indicate (l) signal
shows that the DCE is ready for operation. The 5494 presents the DTE-ready
state to show that it is ready for operation and activates the control (C) signal
to indicate readiness for transmission.

Multipoint Operation: For multipoint operation on an X.21 interface, the 5494
waits for a minimum of 24 bit-times between setting the control (C) signal active
and transmission of data.

SDLC Transmissions

24
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All transmissions using SDLC are carried in frames. The frame contains all the
commands, responses, and information that are being. transmitted. Frames are
transmitted one at a time or grouped together and sent in a sequence.

If frames are transmitted one at a time with the poll bit set, response frames are
returned by the receiving station for each frame received. If a sequence of frames
is transmitted, the poll bit is set only in the last frame and the receiving station
responds only after receiving the last frame in the sequence.

When transmitting sequenced frames, the transmitting station counts and numbers
each frame. This count is the Ns count. The station receiving the sequenced
frames counts each error-free frame it receives. This count is the Nr count.

The Ns and Nr counters start at 0 and count through 7. When the counter is at 7
and another frame is counted, the counter advances to 0.



Frame Format

Figure 2-1 shows the organization of an SDLC frame. The transmission frame is
bounded by a unique flag sequence. The 5494 recognizes the transmission of
continuous flags as interframe time fill.

Frame >
) )
¢ T
Leading Starting Station ) Ending
Pad Flag Address Control Information Frame Check Sequence Flag
) - 1
AN
01111110 Variable-length 01111110
field (integral
¢— 8 bits —pie—8 bits —; g;‘{g;’)er of bt e 16bits ——»
i4—0-8264 bits —P;
< CRC Accumulation

Figure 2-1. SDLC Frame Organization

Leading Pad

Starting Flag

Address Field

This field, although not a part of the SDLC frame, is shown here because of its
relationship with the frame. When the leading pad required bit is set in the
configuration record, the SDLC adapter inserts a synchronization byte into the data
stream before the starting flag sequence. The leading pad byte is used to obtain or
maintain synchronization of the modem clock following a line turnaround.

The starting flag starts the frame. The starting flag also causes transmission error
checking to start with the first nonflag character. It is made up of 8 bits with a
configuration of X'7E' (B'01111110'). This flag serves as a reference to show the
position of the address and the control fields.

The address (A) field of the SDLC frame always contains the network address of
the 5494, whether the 5494 is transmitting to or receiving from the AS/400 system.
The 5494 recognizes and responds to a broadcast address (all bits set) as well as
to its own network address.
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Control Field

The control (C) field of an SDLC frame defines the frame’s function. The 5494
supports three types of SDLC commands and responses:

e Unnumbered commands and responses
e Supervisory commands and responses
¢ Sequenced information (I) frames.

See “SDLC Commands” on page 2-7 for a description of the control field encoding
for each of these frame types.

The 5494 supports modulo 8 frame numbering and an 8-bit control field. The 5494
does not support modulo 128 frame numbering or the extended (16-bit) control field
format.

Information Field

The information (1) field is not present in all frames. The I-field can be of variable
length, but it is restricted to an integral number of 8-bit bytes and by the buffering
limits of the stations communicating with each other. Maximum I-field length is
specified in the XID command and response sequence (1033 bytes for the 5494).
The I-field contains the data to be moved over the data link from place to place in
the network. The data in this field is checked for validity by the frame check
sequence field.

Frame Check Sequence

Ending Flag

SDLC uses a bit accounting method called cyclic redundancy check (CRC) to
ensure data validity. The transmitting unit applies a mathematical formula to the A-,
C-, and I-fields of the frame and places the 16-bit result in the frame check
sequence (FCS) field prior to transmission. The receiving unit applies the same
formula and compares the results. If the result differs from the transmitted FCS,
the receiving unit discards the frame. The erroneous frame and all subsequent
frames are retransmitted. Refer to Synchronous Data Link Control Concepts for the
FCS-generating polynomial and its applications.

The ending flag ends the frame and transmission error checking. It is made up of 8
bits with a configuration of X'7E' (B'01111110'). When more than one frame is
transmitted, the ending flag of one frame can also be the starting flag of the next
frame. '
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SDLC Commands

The 5494 supports three types of SDLC commands. Some commands contain
information unique to the 5494,

Supported Command Types
The 5494 supports the following types of SDLC commands:

Unnumbered commands and responses: These commands handle mode
setting, reporting, and transmission tests.

Supervisory commands and responses: These commands are responsible
for traffic management. They acknowledge sequenced I-frames and indicate
when the receiving station is ready to accept additional frames.

Information frames: These frames carry the SNA information.

Figure 2-2 shows the control field format and application of each supported SDLC

frame.
Binary =)
Configuration §
AR 2|z B F
£ é -2 | 22 | = 3
Sent  Poll/final  Sent E|la| o5 | 2o | E§7
1 : ) ol | =8 O c Q&L .
Format!| Last  Bit First | Acronym | O | | Ta o O W Z | Definitions
U 100 P 0011 | SNRM X X X Set Normal Response mode.
u 000 F 1111 | DM X | X Disconnected mode.
This station is offline.
U 010 P 0011 DISC X X Disconnect. Enter Normal
Disconnect mode (go on
hook if switched).
U 010 F 0011 | RD X | X Request Disconnect. This
station wants to
disconnect.
Y 011 F 0011 | UA X | X Unnumbered Acknowledgment.
Acknowledge U commands.
U 100 F 0111 | FRMR X Frame Reject.
Invalid command received;
must receive SNRM or DISC
to reset FRMR condition.
U 101 P/F 1111 | XID X | X Exchange Station |dentification.
u 111 P/F 0011 | TEST X | X Test. Used to test a link. The
I-field may contain test data.
S Nr P/F 0001 | RR X|X|] X X Receive Ready. The sender
is ready to receive.
S Nr P/F 0101 | RNR X {X | X X Receive Not Ready. The sender
is not ready to receive.
[ Nr P/F NsO | | X | X X Sequenced I-frame.
u= unnumbered, S = supervisory, | = information.

Figure 2-2. SDLC Commands and Responses
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Commands Containing 5494 Information
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The XID, FRMR, TEST, and I-frame commands contain data that is unique to the
5494 in the information field.

XID Command

The 5494 accepts a null XID command (that is, an XID command with no I-field) or
an XID3 command, and responds with an XID3 response. For more information,
see Chapter 8, “Type 2.1 Node Support.”

FRMR Command
Frames received with a valid FCS can still be erroneous. The 5494 considers
frames not valid if:

The C-field specifies a command that is unsupported or not valid

The I-field was too long to fit into the receiving station buffers

An I-field was included with a command in which I-fields are not allowed

¢ A sequenced I-frame was received with an unexpected sequence number.

After receiving a frame that is not valid, the 5494 returns a FRMR command stating
the cause. The FRMR command is sent with a 3-byte description of the frame that
is not valid immediately following the control field. Table 2-1 shows the format for
the FRMR response.

Table 2-1. FRMR Format

Byte Description
0 The C-field of the rejected frame
1 B‘Nr \0 \Ns \0’:

Nr = The 3-bit receive count prior to the rejected frame

Ns = The 3-bit send count prior to the rejected frame

2 B'0000zyxw"
z = Sequencing error
y = I-field longer than that supported by the 5494 (>1033 bytes)
x = lllegal I-field is present

w = Unsupported command or command that is not valid has been received

TEST Command

The TEST command is sent by the AS/400 system to solicit a TEST response from
the 5494. This command may contain an optional I-field. The 5494 returns a
TEST response containing a copy of this I-field.

I-Frame Command

The I-frames contain the SNA path information units (PIU). For more information
about the contents of the I-frame, see Chapter 13, “Systems Network Architecture
Support.”



Timeout Error Recovery
The 5494 tracks the following SDLC timeout conditions:

Receive Inactivity Timeout: If 30 seconds elapse without receiving an SDLC
frame, the 5494 checks the interface. The DSR signal and the clock signals are
verified. If either is inactive, the 5494 goes to Normal Disconnected mode and
posts an operator error.

Transmit Inactivity Timeout: If the 5494 is unable to transmit its response within
30 seconds because of a link problem (DSR, RFS or Clear to Send [or CTS], or
clock signal inactive), it goes to Normal Disconnected mode and posts an operator
error.

Note: Link recovery can be initiated by the primary station only.

For more information about SDLC, refer to Synchronous Data Link Control
Concepits.

Error Reporting

Because SDLC provides its own error recovery system, recoverable errors are not
reported directly to the operator. However, the 5494 maintains statistical counters.
The AS/400 system requests the counters and the 5494 reports them with the SNA
commands REQMS and RECFMS, respectively. For more information on these
commands, see Chapter 13, “Systems Network Architecture Support.” For more
information concerning the 5494 error handling strategy and error summary, refer to
the IBM 5494 Remote Control Unit User’s Guide.

Operating Modes
SDLC supports two operating modes:

Normal Response mode (NRM): The 5494 is in NRM after receiving a set
normal response mode (SNRM) command from the AS/400 system. I-frames
are exchanged in this mode.

Normal Disconnected mode (NDM): The 5494 is in NDM after receiving a
DISC command from the AS/400 system. Once in this mode, the 5494
responds only to SNRM, XID, DISC, and TEST commands. The 5494 returns
a disconnected mode (DM) response to all other commands until an SNRM is
received.
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Chapter 3. X.25 Packet Switched Network Support

X.25 uses a communications process called packet switching, which routes and
transfers user data and control information. The information transmitted is
contained in packets that identify the sender and receiver by a unique address.
The communication line within the X.25 network is busy only during the
transmission of a packet. Once this operation is accomplished, the line is released
for the use of other packets.

Packet switched data networks (PSDNSs), such as an X.25 network, allow multiple
users to share communication lines or channels. PSDNs are an alternative to
networks made up of lines dedicated to a pair of users or multiple users.

The 5494 includes support for attachment to X.25 PSDNs. Unless specifically
stated in this book, the 5494 adheres to the following standards:

¢ CCITT Recommendation X.25 “Interface Between Data Terminal Equipment
(DTE) and Data Circuit-Terminating Equipment (DCE) for Terminals Operating
in the Packet Mode and Connecting to Public Data Networks by Dedicated
Circuit,” Geneva 1976 and 1980, Malga-Torremolinos 1984, Melbourne 1988

* The X.25 Interface for Attaching SNA Nodes to Packet Switched Data
Networks, General Information Manual

e The X.25 1984/1988 Interface for Attaching SNA Nodes to Packet Switched
Data Networks, General Information Manual.

Note: In this book, all data strings are presented with the most significant byte on
the left. Byte and bit numbers are also written from left to right beginning with byte
0 bit 0 as the most significant bit.

X.25 Functional Support

The X.25 PSDN uses four communication levels to facilitate the transport of user
data and control information between DTE. The 5494 and the AS/400 system are
referred to as DTEs in the PSDN’s naming convention.

The four levels of an X.25 PSDN are responsible for the following functions:

X.25 Physical Level: The mechanical, electrical, functional, and procedural
characteristics needed to activate, maintain, and deactivate the physical link
between DTE and DCE.

X.25 Link Level: The link access procedure for the interchange of data across
the link between DTE and DCE.

X.25 Packet Level: The packet format and control procedure for the exchange
of packets containing control and user data between DTE and DCE.

X.25 Logical Link Control (LLC) Level: The level that provides enhanced
capabilities above the packet level. These capabilities include link connection
and disconnection between DTEs, link test, operational mode selection, and
identification exchange between DTEs.
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X.25 Optional Facilities

The 5494 supports the following X.25 optional facilities:

Throughput class negotiation

One-way logical channel outgoing
One-way logical channel incoming
Incoming calls barred

QOutgoing calls barred

Closed user group selection

Reverse charge acceptance

Extended packet sequence numbering
Flow control parameter negotiation
Nonstandard default packet sizes
Nonstandard default window sizes
Local charging prevention

Network user identifier

Hunt group

Call redirection

Called line address modified notification
Call redirection notification

Recognized private operating agency (RPOA) selection.

As needed, the 5494 supports the following facilities:

Reverse charge acceptance

Closed user group selection

Throughput class negotiation

Minimum transit delay selection and indication
Calling DTE address extension

Called DTE address extension

Priority.

X.25 Physical Level

The 5494 supports the following X.25 physical interfaces and line speeds:

Physical Interfaces Line Speeds

V.24/V.28 (X.21 bis) 2400 through 19200 bps
V.35 (X.21 bis) 2400 through 128 000 bps
X.24/X.27 (X.21) 2400 through 128 000 bps

X.25 Link Level
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The link-level procedure used to control the state of the DTE to DCE interface is
link access protocol-balanced (LAPB). LAPB is a subset of high-level data link
control (HDLC) as specified by the International Organization for Standardization
(1SO), Class BA with options 2 and 8. Figure 3-1 on page 3-3 shows the format of
a LAPB frame. The flag and frame check sequence fields are functionally
equivalent to the same components of an SDLC frame. See “Frame Format” on
page 2-5 for a description of these fields. The station address and control fields for
X.25 are defined in the following sections. When a data packet contains an LLC



information frame, the LLC data field contains an SNA PIU. For more information
about the PIU, see “SNA LU 4 and LU 7 Path Information Unit” on page 13-12.

»l

< Frame
) )
1 T
Starting Station . Frame Check Sequence Ending
Flag (F) Address (A) Control (C) Information (I) (FCS) Flag (F)
| . , —— - .
01111110} : i Variable-length fo1111110}
H ' ! » field (integral H 1
: ' number of ' :
14— 8 bits —»«—8 bits —Pi 8-bit bytes) &——— 16 bits ——»

Packet .
Header (PH) |Packet Data Field

[4-24-32 bits pe— 0-8192 bits —}

Logical Link Control

(LLC) LLC Data Field

14———0-48 bits ——P4—0-8192 bits —»

Figure 3-1. LAPB Frame Format

LAPB Addressing
Because the LAPB exchange is between the 5494 and its DCE, the address field is
used differently than in SDLC. The 5494 transmits a frame with X'01' in the
address field if it is a command and X'03' if it is a response. The DCE transmits
an address field of X'03' with commands and X'01' with responses.

LAPB Commands
At the link level, the 5494 supports three types of frames. These are:

¢ Unnumbered frames
¢ Supervisory frames
¢ Information frames.

These frame types are similar to SDLC frame types. However, they govern only
the exchange of information between the 5494 and its DCE. End-to-end logical link
control is handled at the LLC layer and is transparent to the LAPB commands and
responses. The LAPB commands are encoded into the control field as they are in
SDLC. Figure 3-2 on page 3-4 lists the supported LAPB commands and
responses and provides the control field encoding for the LAPB frames.
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Binary S
Configuration §
218l B = 0 F
El8| o5 |22 | £
,| Sent  PolFinal  Sent Elg| 25|22 | SEC

Format Last Bit First Acronym | O | | I | ® O L Z | Definitions

u 001 P 1111 | SABM X X X Set Asynchronous
Balanced mode.

u 000 F 1111 DM X X Disconnected mode. This
station is in disconnected
state.

u 010 P 0011 DISC X X Disconnect. Enter normal
disconnect mode.

Y 011 F 0011 UA X X Unnumbered Acknowledgment.
Acknowledge U commands.

U 100 F 0111 FRMR X Frame Reject. Invalid frame
received, Nr count out of range,
I-field too long, or I-field
present when not allowed.

S Nr P/F 0001 RR X | X X X Receive Ready. The sender is
ready to receive.

S Nr P/F 0101 RNR X1 X X X Receive Not Ready. The
sender is not ready to receive.

S Nr P/F 1001 REJ X | X X X Reject. Request
retransmission of I-frames,
starting with frame numbered Nr.

| Nr P Ns 0 | X X Sequenced |-frame.

U = unnumbered, S = supervisory, | = information.

Figure 3-2. LAPB Command Summary

Link Initialization and Reconnection

The 5494 can be configured to initialize a link at startup, wait for an operator action,
or wait for the network to initialize the link.

If your configuration parameters indicate single permanent virtual circuit (PVC) or
switched virtual circuit (SVC) Answer-Only with no manual options, the 5494 starts
the link initialization sequence without any operator action. For other
configurations, the operator must manually start the initialization sequence.
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Table 3-1 shows how the 5494 starts link initialization for each of several different
DCE polling conditions.

Table 3-1. Link Initialization Sequence under Different DCE Polling Conditions

Polling Condition Link Initialization Sequence

DCE does not poll 5494 waits T1 1 seconds, then sends one or more SABMs. 2
Upon UA response, 5494 is in link active state.

DCE polls with 5494 sends UA response and goes to link active state.

SABM2

DCE polls with DM 5494 sends SABM. 2 Upon UA response, 5494 is in link active

(final bit=0) state.

DCE polls with DISC 5494 sends DM response, then waits T1 1 seconds. If no
response, 5494 sends SABM. 2 Upon UA response, 5494 is in
link active state.

1 T1 is a configurable time interval.
2 The 5494 continues sending set asynchronous balanced mode (SABM) commands at a
configurable time interval until the DCE responds or the configured retry value expires.

The 5494 also starts link initialization to reconnect the link whenever the link layer
goes down due to one of the following conditions:

¢ The link is in an active state, and the 5494 receives a DISC command.

* The link is in an active state, and the 5494 receives a disconnect mode (DM)
response.

¢ The link is in a disconnected state, and both of the following occur:

— The 5494 receives a UA/F, DM/F, or SABM.
— The 5494 is not configured for multiple PVCs or SVCs.

X.25 Packet Level

The X.25 packet is carried in the information field of a LAPB I-frame. (See

Figure 3-1 on page 3-3.) The 5494 supports several different packet types that
are used for establishing and clearing calls, recovering from errors, and transferring
data to and from the AS/400 system. Supported packet sizes include 64, 128, 256,
512, and 1024 bytes.

At the packet level, two classes of services are defined:
PVC: These circuits appear to the DTE as dedicated or leased lines.

SVC: These circuits appear to the DTE as switched lines and allow the
placement of virtual calls to other DTEs on the network.
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Basic Structure of Packets

Packets transferred across the DTE/DCE interface consist of at least three octets.
An octet is a unit of information consisting of eight binary digits. These three octets
contain a general format identifier (GFIl), a logical channel identifier (LCI), and a
packet-type identifier (PTI). Other fields are appended to packets as required.

Note: In this book, all data strings are presented with the most significant byte on
the left. Byte and bit numbers are also written from left to right beginning with byte
0 bit 0 as the most significant bit.

Figure 3-3 shows the general structure of an X.25 packet.

Bits 0 1 2 3 4 5 6 7
General Format ID Logical Channel Group
Number
Byte 0 Q | D I M128 | M8 | | |
Byte 1 Logical Channel Number
Byte 2 Packet Type Identifier
Byte 3
L[]
(]
® . Packet Data Field
L]
L)
Byte n

Figure 3-3. General Packet Structure

General Format Identifier
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Bit 0 (Q Bit) is used only when qualified logical link control (QLLC) is selected.
This bit is set to 1 to denote a logical control packet. The Q bit is always 0 when
other LLC protocols such as enhanced logical link control (ELLC) are used.

Bit 1 (D Bit) indicates Delivery Confirmation Requested. IBM DTEs do not support
delivery confirmation. This bit is always set to 0 in packets sent by the 5494. If a
packet is received with the D bit set, a Clear Request or Reset Request packet is
sent with diagnostic code X'EQ' (D bit setting is not valid).

Bits 2 and 3 (M128 and M8 Bits) are used to indicate that either modulo 128 or
modulo 8 sequence numbering is being used at the packet level. This is a
customer setup parameter. Bit 2 is set for modulo 128 operation, and bit 3 is set
for modulo 8 operation. Bit 2 and bit 3 are mutually exclusive.



Logical Channels

The 5494 can communicate over only one virtual circuit (either PVC or SVC) at a
time. Packets received by the 5494 on any channel other than the one currently in
use are discarded with no response. The 5494 does not support data transfer on
channel 000.

Packet Type Identifier

Table 3-2 summarizes the packet types supported by the 5494 and provides the
PTI encoded in byte 2.

Table 3-2. Supported Packet Types

DCE to DTE DTE to DCE Service

PTI Packet Type PTI Packet Type SvC PVC
X'0B' Incoming Call X'0B' Call Request X

X'OF' Call Connected X'OF! Call Accepted X

X'13' Clear Indication X'13' Clear Request X

X'17! DCE Clear Confirmation X'17! DTE Clear Confirmation X

X'xx' 1 DCE Data X'xx' 1 DTE Data X X
X'x1'2 Receive Ready (RR) X'x1'2 RR X X
X'x5' Receive Not Ready (RNR) X X
X'1B' Reset Indication X'1B' Reset Request X X
X'1F! Reset Confirmation X'1F! Reset Confirmation X X
X'FB' Restart Indication X'FB' Restart Request X X
X'FF' Restart Confirmation X'FF' Restart Confirmation X X
X'F1! Diagnostic X'F1! X X

1 See Figure 3-4 on page 3-12 and Figure 3-5 on page 3-12 for these values.

2 If modulo 128, bits 0 through 6 represent the P(R) value (the packet receive sequence number). For modulo

8, bits 0 through 2 represent the P(R) value and bits 3 through 6 are set to 0.

The following packet types are not supported by the 5494:

¢ Interrupt

¢ Interrupt Confirmation

* Reject

* Registration Request

* Registration Confirmation.

If an Interrupt or Interrupt Confirmation packet is received, the 5494 responds with
a Clear Request packet (for SVC) or a Reset Request packet (for PVC) with the
X'AA' diagnostic code. If a Reject or Registration packet is received, the 5494
responds with a Clear Request packet (for SVC) with the X'17' diagnostic code or
a Reset Request packet (for PVC) with the X'1B' diagnostic code.

Packet Data Field

The packet data field can contain additional information such as DTE addresses,
facility information, cause and diagnostic codes, and call user data.

For more information on data that can be included in the different packet types,
refer to The X.25 Interface for Attaching SNA Nodes to Packet Switched Data
Networks, General Information Manual.
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Packet-Level Functions
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The following functions are done at the packet level:

¢ Call establishment
Call clearing

* Restart

* Reset

¢ Information transfer.

®

Call Establishment
Call establishment is done through an incoming or outgoing call. Call
establishment applies only to SVC operations.

Incoming Call Packet: The DCE indicates an incoming call to the 5494 by
transferring an Incoming Call packet across the DTE-to-DCE interface.

If an Incoming Call packet is received while the 5494 is waiting for a response from
the DCE to a Call Request packet, the incoming call is discarded.

You may specify a specific logical channel when establishing a link to answer a
call. If you specify a specific logical channel through customer setup (CSU) or in
the link establishment request, incoming calls on other logical channels are ignored.
If you do not specify a specific logical channel, the incoming call is received on the
logical channel that was used for the call.

Call Accepted Packet: The 5494 accepts an incoming call by sending a Call
Accepted packet that specifies the logical channel indicated in the Incoming Call
packet. .User data is not included in the Call Accepted packet. The network user
identification (NUI) facility is the only facility that may be included in the Call
Accepted packet.

If the NUI facility is not included, a calling or called address length and facility field
length of X'00' is transmitted.

If the call is not accepted, a Clear Request packet is sent with a cause code of
X'80' (or X'00' for CCITT diagnostic codes) and a diagnostic code indicating the
reason for clearing.

Call Connected Packet: The 5494 receives a Call Connected paCket from the
DCE in response to a Call Request packet. The Call Connected packet is received
when the call is connected to the AS/400 system.

The 5494 uses the facilities specified in the Call Connected packet. The 5494 does
not clear the call if the Call Connected packet facilities do not match the Call
Request packet facilities.

If the Call Connected packet is not valid, a Clear Request packet is sent with a
cause code of X'80' (or X'00' for CCITT diagnostic codes) and a diagnostic code
indicating the reason for clearing.



Call Request Packet: The 5494 initiates a call by issuing a Call Request packet
following an operator request. The request can include optional parameters such
as window size, packet size, and optional user facilities.

After the 5494 issues a Call Request packet, the circuit remains in the opening
state for 200 seconds while waiting for a Call Connected packet from the DCE. If a
Call Connected packet is not received in this time period, an error indication is
passed to the higher levels and the circuit is cleared. When the circuit is cleared, a
Clear Request packet is sent with the diagnostic code X'31' indicating that a Call
Connected packet was not received within 200 seconds.

Call Collision: If an Incoming Call packet is received when the 5494 has placed
the circuit in the opening state, the 5494 discards the Incoming Call packet and
does not issue a Call Accepted packet. After the Incoming Call packet is
discarded, the 5494 places the circuit in the call-collision state.

Call Clearing
Call clearing applies only to SVC operations.

DTE Clear Request Packet: The 5494 issues a clear indication to the DCE by
sending a Clear Request packet indicating the logical channel to be cleared. The
Clear Request packet is sent with the cause code X'80' indicating DTE-originated
clear. If the 5494 is configured for 1980 SNA or ISO, the Clear Request packet is
sent with the cause code X'00'. A diagnostic code is sent indicating the reason
for clearing.

After issuing a Clear Request packet, the 5494 remains in the clearing state for 200
seconds while waiting for a Clear Confirmation packet from the DCE. If a Clear
Confirmation packet is not received in this time period, the Clear Request packet is
issued again. If a Clear Confirmation packet is not received the second time, an
error indication is passed to the higher levels and a Restart Request packet is
issued.

While in the clearing state, the 5494 ignores all packets except the Clear
Confirmation and Clear Indication packets.

DCE Clear Indication Packet: When the Clear Indication packet is received from
the DCE, the 5494 responds with a Clear Confirmation packet and passes the
cause code and diagnostic code to the higher levels.

If the ELLC protocol is used, all cause codes except X'80' (or X'00' for CCITT
diagnostic codes) initiate error recovery.

If the QLLC protocol is used, the packet layer is reset and no further action is
taken.

DTE Clear Confirmation Packet: This packet is used to acknowledge DCE Clear
Indication packets.
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DTE Clear Collision: A clear collision occurs when both the 5494 and the DCE
simultaneously issue clear packets. When a clear collision occurs, the 5494 does
not respond to a Clear Indication packet and continues to wait for a Clear
Confirmation packet from the DCE. The circuit returns to the ready state when the
Clear Confirmation packet is received.

Restart
Restarting is used to simultaneously clear all virtual calls and reset all virtual
circuits. ”

DTE Restart Request Packet: A Restart Request packet is transmitted by the
5494

o After link-level initialization if no Clear or Reset Confirmation packet is received
following a Clear or Reset Request packet and retry

» After frame-level resetting is done.

After issuing a Restart Request packet, the 5494 waits for 200 seconds for a
Restart Confirmation packet from the DCE. If a Restart Confirmation packet is not
received in this time period, the Restart Request packet is issued again. If a
Restart Confirmation packet is not received the second time, an error indication is
passed to the higher levels and the circuit is disconnected.

The Restart Request packet is sent with the cause code X'80' (indicating
DTE-originated clear). The diagnostic code is not used and is always set to X'00".
The cause code is the same as in the Clear Request packet.

After sending a Restart Request packet, the 5494 ignores all packets except the
Restart Confirmation and Restart Indication packets.

DCE Restart Indication Packet: The DCE indicates a restart by sending a
Restart Indication packet across the interface. The 5494 reports the cause code
and diagnostic code in the Restart Indication packet to the higher levels. The 5494
sends a Restart Confirmation packet to the DCE in response to a Restart Indication
packet.

If the ELLC protocol is used, all cause codes except X'80' (or X'00' for CCITT
diagnostic codes) initiate recovery for PVCs.

Restart Collision: A restart collision occurs when both the 5494 and the DCE
simultaneously issue restart packets. When a restart collision occurs, the 5494
does not respond to a Restart Indication packet and does not wait for a Restart
Confirmation packet in response to the issued Restart Request packet. The packet
level enters the ready state.

Reset
Resetting is used to reinitialize a PVC. Reset removes all Data packets and resets
the packet sequence numbers to 0.

Functions Reference



DTE Reset Request Packet: The 5494 uses the Reset Request packet when a
packet-level error is detected on a PVC circuit.

After issuing a Reset Request packet, the 5494 remains in the resetting state for
200 seconds while waiting for a Reset Confirmation packet from the DCE. If a
Reset Confirmation packet is not received in this time period, the Reset Request
packet is issued again. If a Reset Confirmation packet is not received the second
time, an error indication is passed to the higher levels and the circuit is returned to
the ready state.

The Reset Request packet is sent with the cause code X'80' (indicating
DTE-originated clear). If the 5494 is configured for 1980 SNA or ISO, the Reset
Request packet is sent with the cause code X'00' and a diagnostic code indicating
the reason for resetting.

After sending a Reset Request packet, the 5494 ignores all packets except the
Reset Confirmation and Reset Indication packets.

DCE Reset Indication Packet: The DCE indicates a reset to a specified logical

channel along with cause code and diagnostic code by sending a Reset Indication
packet across the interface. The 5494 reports the cause and diagnostic codes in

the Reset Indication packet to the higher levels.

If the ELLC protocol is used, all cause codes except X'80"' (or X'00' for CCITT
diagnostic codes) initiate recovery for PVCs.

If ELLC recovery is not initiated, the circuit is terminated. If the Reset Indication
packet was received on a SVC, the 5494 clears the call with the diagnostic code
X'EA' (Reset Indication on Virtual Call).

Reset Collision: A reset collision occurs when both the 5494 and the DCE
simultaneously issue reset packets. When a reset collision occurs, the 5494 does
not expect a Reset Confirmation packet in response to the issued Reset Request
packet. If ELLC is not used, the circuit is returned to the ready state.

Information Transfer
The following packets are used during information transfer.

Receive Ready Packet: The 5494 sends an RR packet when a data packet is
received and no other data packets are waiting to be transmitted. The RR packet
also resets a previous busy indication from a received RNR packet.

Receive Not Ready Packet: The 5494 does not send a RNR packet. If the 5494
receives a RNR packet, the 5494 recognizes that the DCE is in a not-ready state
and does not send packets until a RR packet is received.

Data Packet: The 5494 sends data packets when the packet-level window is open
and the AS/400 system has not sent a RNR packet.
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Figure 3-4 shows the format of the data packet when modulo 8 is being used.

Bits 0 1 2 3 4 5 6 7
General Format ID Logical Channel Group
Number
Byte 0 Q l D | 0 l 1 I I |
Byte 1 Logical Channel Number
Byte 2 P(R) ! | M 2 | P(s) | 0
Byte 3 User Data

Figure 3-4. Data Packet Format in Modulo 8

"P(S) =

2 P(R) =

3M=

Packet transmitted sequence number used to provide packet-level
acknowledgment. Retransmission of acknowledged packets is not
supported.

Packet receive sequence number used to provide packet-level
acknowledgment. Retransmission of acknowledged packets is not
supported.

More data bit (used for segmentation.)

Figure 3-5 shows the format of the data packet when modulo 128 is being used.

Bits 0 1 2 3 4 5 6 7
General Format ID Logical Channel Group
Number

Byte 1 Logical Channel Number

Byte 2 ZOR | o

Byte 3 P(R)2 I m3

Byte 4 User Data

Figure 3-5. Data Packet Format in Modulo 128

1P(S) = Packet transmitted sequence number used to provide packet-level
acknowledgment. Retransmission of acknowledged packets is not
supported.

2 P(R) = Packet receive sequence number used to provide packet-level
acknowledgment. Retransmission of acknowledged packets is not
supported.

3M = More data bit (used for segmentation.)

Functions Reference



Logical Link Control
The 5494 provides the following forms of LLC for use with X.25 PSDNs:

QLLC: QLLC employs the qualified data indicator or ‘Q bit’ in data packets to
identify when a QLLC header is present. For data packets that contain end
user data (SNA PIUs), a QLLC header is not present and therefore the Q bit is
off.

ELLC: ELLC uses extended formats in data packets to provide error detection
facilities and optional retransmission recovery procedures.

These LLCs are contained only in data packets and provide end-to-end link-level
support (similar to SDLC) to the SNA layer.

The type of LLC used during a session is determined in one of the following ways:

¢ The 5494 operator specifies the LLC type when entering a Call or Answer
Request (for SVC) or an Open request (for PVC).

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