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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

3-8

Functions Reference

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).

¢ The default LLC is used when not specified in an Open, Call, or Answer
Request. The default LLC is selected during customer setup procedures.

Figure 3-6 lists all of the supported commands and responses for each LLC type
and indicates which are transmitted and received by the 5494. Commands and
responses with similar functions are listed on the same line along with their SDLC
equivalents. For example, LSABME, QSM, and SNRM all control link activation.

Cmd ELLC Resp [Cmd  qLLC Resp | SDLC
TR T1rlT R TR Equivalent
ALYARY 4/ |4/ | DATA JIW
4/| LsABME 4/| asm SNRM
4/| Lbisc 4/ | apisc DISC
/| Lxip i /| axip i XID
/| LTEST v/ 4/ | QTEST +/ TEST
LUA \/ QUA v/ UA
v/|4 | LRR VALY R PVARCL RR
4/ | LRNR / RNR
4/| LREJ A |4/ REJ
LDM Vv QDM v DM
LPDUR +/ FRMR
T = Packet transmitted by the 5494
R = Valid data packets received by the 5494

Figure 3-6. Logical Link Control Summary

Note: For details about XID SEND and RECEIVE, see Chapter 8, “Type 2.1 Node

Support.” For details on other commands and responses, see Chapter 2,

“Synchronous Data Link Control Support.”
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The X.25 Interface For Attaching SNA Nodes To Packet Switched Data Networks,
General Information Manual contains a comprehensive discussion of usage and
format for each LLC type.

Operator Network Interface

Operation of workstations attached to the 5494 is based on interactive workstation
support and depends on the communications link. A call must be placed and a
communications link established for workstations to operate. The AS/400 system
or the 5494 operator can initiate the call or call clearing.

If a communications link is not established, the 5494 operator may initiate call
placement using link establishment.

SVC Call Placement
The 5494 allows the workstation operator to initiate an SVC call request. The
operator selects destination, logical channel, and optional X.25 network facilities.

The IBM 5494 Remote Control Unit User’s Guide provides procedures for SVC call
placement.

SVC Call Answering

The operator can indicate to the 5494 how a call is to be answered by using link
establishment. If the 5494 is configured for Single SVC Answer-Only and manual
options are not allowed, no operator action is needed to establish the link. In this
case, the 5494 does not check the connection password in the incoming call
packet. The IBM 5494 Remote Control Unit User’s Guide provides procedures for
SVC call answering.

Opening a PVC

The operator can indicate to the 5494 how to open a PVC by using the Open
command in link establishment. If the 5494 is configured for Single PVC and
manual options are not allowed, no operator action is required to establish the link.
The first data packet received establishes the logical channel number, and default
values determine other circuit parameters. The IBM 5494 Remote Control Unit
User’s Guide provides procedures for opening a PVC.

Disconnecting a Circuit

When the workstation operator chooses to disconnect a circuit, a Disconnect
command is issued at the link level. This is valid whenever the LLC link with the
AS/400 system is inactive. The LLC is in the mode equivalent to the SDLC Normal
Disconnect mode.

The IBM 5494 Remote Control Unit User’s Guide provides procedures for
disconnecting a circuit.
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.(.)hapter 4. X.21 Switched Public Data Network Support

CCITT Recommendation X.21 describes the DTE to DCE interface for attaching to
circuit-switched X.21 Public Data Networks. This recommendation covers the
interface states and the rules for making transitions from one state to another. The
interface states and transition rules govern the following:

¢ Physical link establishment

¢ Call placement

* Error detection and handling at the physical link level
¢ Call clearing.

When the 5494 is connected to an X.21 circuit-switched line, the interface states
and transition rules supply a formal structure for establishing a circuit to the AS/400
system. Once this circuit is established and the interface enters the data transfer
state, the 5494 uses SDLC and SNA protocols for transmission of user data.

When the 5494 is connected to an X.21 leased line, the interface remains in the
data transfer state. As a result, the 5494 does not require the X.21 state transition
rules. SDLC and SNA serve as the operative protocols during all phases of
operation.

When the 5494 is attached to an X.21 Public Data Network through an X.21 bis
DCE, the 5494 does not support circuit switching and uses only SDLC and SNA for
transmission of user data. For circuit-switching support, the X.21 bis DCE must
provide the switching capability.

See Chapter 19, “Communication Interfaces,” for more information on interfaces.

See Chapter 2, “Synchronous Data Link Control Support,” for more information on
SDLC. :

See Chapter 13, “Systems Network Architecture Support,” for more information on
SNA.

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.

Supported Facilities
The 5494 supports the following X.21 facilities:

Abbreviated address calling

Charge transfer

Closed user group

Closed user group with outgoing access

Direct call

Incoming calls barred

Outgoing calls barred

Registration/cancellation of user facilities
Redirection of call

Recognized Private Operating Agency (RPOA).

© Copyright IBM Corp. 1992, 1995 4-1



The workstation operator can register for, cancel, or inquire about facilities online
as described in the IBM 5494 Remote Control Unit User's Guide. Contact your
network supplier to determine the format of the facility registration parameters.

Operator Network Interface

Address Call

Direct Call

Call Clearing
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Operation of workstations attached to the 5494 is based on interactive workstation
support and depends on the communications link. A call must be placed and a
communications link established for workstations to operate. With X.21 switched
networks, the 5494 supports automatic call establishment and automatic call
clearing. The AS/400 system or the 5494 operator can initiate the call or call
clearing.

If a communications link is not established, the 5494 operator can initiate call
placement. For call establishment procedures, refer to the IBM 5494 Remote
Control Unit User’s Guide.

Call addressing information can be configured into the 5494 for one primary and up
to three alternate AS/400 systems. This information includes the connection
number of the AS/400 system site. The IBM 5494 Remote Control Unit User’s
Guide describes how to configure call addressing information into the 5494 and
how to establish communication with the AS/400 system through an address call.

If direct call is specified in the configuration of the 5494, communication is
established with the AS/400 system through a direct call. When the operator
places a direct call, the connection number of the AS/400 system site is provided
by the network from a prestored subscription. The IBM 5494 Remote Control Unit
User’s Guide describes how to configure and establish communication with the
AS/400 system through a direct call.

Calls are cleared (disconnected) in one of the following ways:

e The 5494 initiates call clearing with a DTE clear request sequence as part of
an error or timeout recovery procedure.

¢ The workstation operator clears the call when the 5494 is in the data transfer
phase and in Normal Disconnected mode (NDM) by entering a Disconnect
operator command. For Disconnect command procedures, refer to the IBM
5494 Remote Control Unit User's Guide.

* The DCE issues a clear indication to the 5494.

e The AS/400 system issues an SDLC Disconnect (DISC) command. The 5494
responds with a UA and initiates a DTE clear request sequence.



Short Hold Mode

In short hold mode (SHM), the link between two stations is established and
maintained only when there is data to transfer. The 5494 supports SHM but will
not initiate an SHM session. The AS/400 system determines and controls the SHM
operation.

To start an SHM session, either the AS/400 system or the 5494 initiates a call to
the network. The call then proceeds as any other X.21 call. When the interface
reaches the ready-for-data state and the SDLC operation starts, the AS/400 system
sends a null XID or activation XID command (see Table 8-1 on page 8-2). The
5494 returns an XID3 response, which indicates secondary station status and
specifies SHM compatibility. The AS/400 system then sends an activation XID
command specifying SHM operation and the 5494 confirms with an XID3 response.

After SHM is selected by the XID exchange, the AS/400 system sends an SDLC
set normal response mode (SNRM) command to start the SHM session. If the
AS/400 system does not have any frames to transmit or acknowledge at any time
during the session, the AS/400 system can clear the connection. The 5494 does
not initiate call clearing. The 5494 interprets a clear request received from the
AS/400 system during a normal response mode (NRM) as an SHM line disconnect.
The 5494 disconnects the line and maintains the SNA session in progress. Either
the AS/400 system or the 5494 can call to reestablish the connection. For
information about the general format of the XID command, see Chapter 8, “Type
2.1 Node Support.”

Short Hold Mode XID Format

The 5494 responds to a Format 3 XID command, but does not issue the command.
The 5494 always responds with a Format 3 XID response. See Table 8-2 on
page 8-3.

The AS/400 system sends the XID command to solicit an XID response from the
5494 when a session is to be established or reconnected.

Short Hold Mode Retries

The 5494 can retry reconnection attempts that fail because of network events. The
interval between retries and the number of retries are determined from setup
parameters. If the 5494 exhausts the retry counter, it posts the reason for the last
retry failure to the operator, logs a permanent link error, and ends the SHM
session.
The following events result in SHM retries:

A call progress signal (CPS) is received.

All 2x and 6x CPSs cause retries. Other CPSs cause retries if they were
specified during customer setup. Receipt of CPSs that are not valid causes
retries.

* A recoverable timeout condition is detected by the 5494.
¢ A DCE-clear-indication is received during call reconnection.

¢ A parity error is detected during call reconnection.
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Communications Codes

4-4

The 5494 using X.21 circuit-switched functions receives messages and exchanges
information with the network using the International Alphabet No. 5 (IA5) 7-bit code.
The 5494 supports the receipt of decimal digits 0 through 9 and colon () as well as
the control codes listed in Table 4-1.

The 5494 recognizes DCE-defined CPSs such as number busy, access barred, and
changed numbers. The 5494 also recognizes CPSs starting with shift-in (SI)

-characters. The 5494 discards other DCE network information received and posts

Functions Reference

no operator messages.

The 5494 supports the transmission of all IA5 codes to accommodate the network
registration facility usage, but it does not check message syntax. Data entered by
the operator is translated from extended binary-coded decimal interchange code
(EBCDIC) to IA5 characters with odd parity and sent to the network. If a keyboard
character not included in the IA5 character set is entered, the 5494 translates that
entry to a NUL character.

The 5494 makes sure that the transmitted network messages are appended with a
+ character delimiter. The delimiter is either entered by the operator or is
automatically added. Table 4-2 lists the control codes used in messages sent to
the network.

Table 4-1. Control Codes Received

Code Definition

BEL Indicates an incoming call when preceded by a minimum of 2 SYN
characters and the 5494 is in state 1.

SYN A character that precedes all transmission and may be embedded within
transmission to maintain synchronization.

Sl Shift-in. Used in Japanese network only. Follows SYN SYN and
precedes call progress signals or DCE-provided information.

+ An ending delimiter that indicates end of transmission (EOT).

, A field separator used to separate fields in call progress signals or
DCE-provided information.

/ Indicates the start of DCE-provided information. Must be preceded by
SYN SYN and information must be followed by a +.

Indicates the start of DCE-provided calling and called line identification.
Must be preceded by SYN SYN and information must be followed by a +.

Table 4-2 (Page 1 of 2). Control Codes Sent
Code Definition

SYN A character that precedes all transmissions and may be embedded within
transmissions to maintain synchronization.

NUL A character used for fill purposes. The NUL character may be inserted
into a data stream without affecting the information content. It is used by
the 5494 to replace any operator-entered character that does not have an
equivalent in the 1A5 alphabet.

Indicates the start of an abbreviated address selection sequence. Must
be preceded by SYN SYN, and the address must be followed by a +.



Table 4-2 (Page 2 of 2). Control Codes Sent
Code Definition

, Used to separate facility request signals within a facility request block that
contains two or more facility request signals, or used to separate facility
registration/cancelation signals within a facility registration/cancelation
block that contains two or more facility registration/cancelation signals.

/ Used to separate fields (request code, indicator, parameter, or address)
within a facility registration/cancelation signal.

- Terminating delimiter of facility request or facility registration/cancelation
blocks. Must be followed by a +.

+ Ending delimiter used to indicate the EOT. Used for all transmissions.

nnn If preceded by SYN SYN and ended by a +, the sequence nnn...n is an
address selection sequence. If preceded by SYN SYN and ended by a —
and then a +, the sequence nnn...n is a facility block.

X.21 Network States

The 5494 recognizes the X.21 network interface states defined in CCITT
Recommendation X.21: Interface between Data Terminal Equipment (DTE) and
Data Circuit-Terminating Equipment (DCE) for Synchronous Operation on Public
Data Networks (Geneva, 1972; as amended 1976, 1980, 1984, and 1988).

The circuit reference conditions used to describe the 5494 operations are shown in
Table 4-3.

Table 4-3. Circuit Reference Conditions

Symbol Circuit Name Conditions
c Circuit C Control On or Off

i Circuit | Indicate On or Off

r Circuit R Receive 1or0

t Circuit T Transmit 1or0

Initial Conditions Following Power-On
Following the power-on sequence, the 5494 is initialized to a
DCE-uncontrolled-not-ready state with circuits t = 0 and ¢ = Off. The 5494
maintains this state during initialization. The 5494 does not check the state of the
DCE during this period. Circuits R and | can be in any condition. The 5494 then
presents ready to the DCE (t = 1 and ¢ = Off) and waits for a DCE-ready (r =1, i =
Off).

Receive Conditions

A BEL character preceded by 2 or more adjacent SYN characters signals an
incoming call from the DCE. The 5494 then accepts the call (t =1 and ¢ = On)
unless there is a call collision.
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The 5494 receives X.21 network messages only in the call establishment phase.
For an incoming call, the messages must be preceded by the following sequence of
characters:

Two or more SYN characters, followed by
One or more BEL characters, followed by
Two or more SYN characters.

For an outgoing call, the 5494 must be in the DTE-waiting state (state 5), and the
message must be preceded by 2 or more SYN characters.

The 5494 recognizes the first plus (+) character in the message as the end of the
message.

When the 5494 unit reaches the ready-for-data state, the 5494 switches
automatically to the SDLC operation.

The SDLC operation is ended if an X.21 DCE-clear (16 zeros with i = Off), is
detected.

Transmit Conditions

X.21 is a duplex protocol; therefore, the 5494 transmit will not be enabled unless
receive is active. This is necessary to receive and report network response to
call-request. When transmit is enabled, the 5494 will progress through the calling
states: call-request, proceed-to-select, selection-signals, and DTE-waiting.
Following proceed-to-select state 3 (r = plus (+) character and i = Off), the 5494 will
typically transmit 2 SYN characters followed by the message characters or the
select data and the end of message delimiter (plus [+] character). The 5494 will
then transmit continuous ones (1s) that signal DTE-waiting state until either the
ready-for-data state (r = 1 and i = On) or a call-clear state (r = 0 and i = Off) is
signaled by the DCE.

If a direct call is initiated, the 5494 bypasses the selection-signal state 4 and does
not transmit SYN or other IA5 characters. In this case, the 5494 will inmediately
transmit continuous ones (1s) that signal DTE-waiting state. The control circuit will
be on for 24-bit times (c = 1) before the 5494 initiates data transfer (circuit T held
att=1).

Timeout Conditions

The 5494 detects timeout conditions T1, T2, T3A, T3B, T4B, T5, and T6 as
specified in the CCITT Recommendation X.21. Refer to the CCITT
Recommendation X.21 for more information.

DCE-Clear-Confirmation

When the 5494 signals DTE-clear-request (t = 0 and ¢ = Off), T5 timeout is set and
is not cleared unless a DCE-clear-confirmation (r = 0 and i = Off) followed by a
DCE-ready (r = 1 and i = Off) is received.
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DCE-Controlled-Not-Ready
The 5494 handles the DCE-controlled-not-ready (CNR) state in two ways:

¢ If the 5494 receives the DCE CNR during the call-control phase, it handles the
DCE CNR as a DCE clear condition.

* |f the 5494 receives the DCE CNR during the data transfer phase, it ignores
the DCE CNR. Normal SDLC protocol actions handle error recovery as
necessary.

Call Collisions
Call collisions can occur under the following conditions:

¢ A network incoming call is indicated at the same time as or immediately after
the 5494 sends a call-request.

¢ A network incoming call is indicated while the 5494 is processing an
operator-initiated call.

* A network incoming call is indicated while the 5494 is in SHM, and the
workstation operator has taken an action requiring the 5494 to reconnect the
link.

If the DCE indicates an incoming call (r = SYN,SYN,BEL and i = Off) during or
immediately after the 5494 has sent a call-request (t = 0 and ¢ = On), the 5494
takes no action. The DCE either drops the incoming call and proceeds with the
call-request selection sequence or attempts to establish the incoming call. If the
DCE drops the incoming call, that call is not recognized. If the DCE attempts to
establish the incoming call, the 5494 utilizes the call-request sequence timeout to
end its call-request.

If the workstation operator is in the process of making a call (call sequence
completed but call-request not yet sent to the DCE) and an incoming call is
indicated, the 5494 posts an error to the operator and logs the error. The 5494
then sends a clear-request to the DCE (t = 0 and ¢ = Off).

If the 5494 is in SHM and the workstation operator is in the process of
reestablishing the link, the 5494 cancels the call, increments the call-collision
counter, and responds to the incoming call.

Call Progress Signals

The 5494 supports all call progress signals (CPS) specified in the CCITT
Recommendation X.21.

If a CPS is received during an incoming call, the call is cleared and a permanent
link error is posted and logged.

If a CPS is received during an operator-initiated (outgoing) call, the recovery
depends on the CPS received:

Group 0 CPS (0x): If the DCE takes no action within 60 seconds, a
DTE-clear-request is issued and a permanent link error is posted and logged.

All other CPS groups: If a DCE-clear-indication is not received within 6
seconds, a DTE-clear-request is issued and a permanent link error is posted
and logged.
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See “Short Hold Mode Retries” on page 4-3 for information on the effect of CPSs
during SHM reconnection.

Interface State Diagrams
Recommendation X.21 defines the transitions between interface states that are
allowed by all telecommunications administrations. The recognized state transitions
for each of the four phases of a data communications operation are shown by state
diagrams. These diagrams are available in the /IBM Implementation of X.21
Interface, General Information Manual.
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Chapter 5. V.25 bis Serial Automatic Calling Support

CCITT Recommendations V.24 and V.25 bis define interface and functional
characteristics for serial automatic calling. The 5494 implements these protocols in
conjunction with SDLC to provide data transfer to and from the AS/400 system.
The 5494 must attach to a V.25 bis modem to use the V.25 bis protocol. The IBM
5494 Remote Control Unit Planning Guide lists supported modems. The V.25 bis
protocol uses EIA 232D (CCITT V.24/V.28) signal lines between the 5494 and the
DCE. Chapter 19, “Communication Interfaces,” describes the signal line
characteristics. “Interface States” on page 5-4 describes those characteristics
unique to the V.25 bis protocol.

Supported Facilities
The 5494 supports the following V.25 bis-defined facilities:

Addressed call

Synchronous bit-oriented format for commands and indications

Call Request command with number provided (CRN)

Call Request command with number and identification provided (CRI)
Call failure indication

Delayed call indication

Call not valid indication

Valid call indication

Incoming calls on Cl (circuit 125).

“Commands” on page 5-2 describes the supported commands and indications.

The 5494 does not support the following optional V.25 bis-defined facilities:

Direct call

Asynchronous and character-oriented formats

Call Request command with memory address provided (CRS)
Call Request command with double dial-up required (CRD)
Program commands

List Request commands and indications

Disregard or Connect Incoming Call commands

Incoming Call Indication message.

Operator Network Interface

Operation of workstations attached to the 5494 is based on interactive workstation
support and depends on the communications link. A call must be placed and a
communications link established for workstations to operate. The AS/400 system
or the 5494 operator can initiate the call or call clearing.

If a communications link is not established, the 5494 operator may initiate call

placement. For network link establishment procedures, refer to the IBM 5494
Remote Control Unit User’s Guide.
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Address Call

Call Retries

Call Clearing

Call address information can be configured into the 5494 for one primary and up to
three alternate AS/400 systems. This information includes the connection number
of the AS/400 site and (if required) the connection number of the 5494 site. The
IBM 5494 Remote Control Unit User's Guide describes how to configure call
addressing information into the 5494,

The workstation operator makes each call attempt. The number of retry attempts
and interval between retries is determined by operator actions and DCE response.
The 5494 does not automatically attempt call retries.

Calls are cleared in one of the following ways:

* The 5494 initiates a call clearing process as a result of a call establishment
timeout or as part of an error recovery procedure.

¢ The workstation operator initiates a call clearing when the 5494 is in the data
transfer state and in Normal Disconnected mode (NDM) by entering a
Disconnect operator command. The 5494 proceeds with a clearing sequence
to disconnect the link. For Disconnect command procedures, refer to the IBM
5494 Remote Control Unit User’s Guide.

e The DCE initiates a call disconnection process while in data transfer by
deactivating the DSR signal.

¢ The AS/400 system initiates call clearing with the SDLC Disconnect (DISC)
command. When a Disconnect command is received in data transfer, the 5494
sends the appropriate SDLC unnumbered response to the AS/400 system and
then clears the call.

Call Information Messages

Commands

5-2
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The 5494 and the V.25 bis DCE exchange call information messages during the
call establishment procedure using Unnumbered Information (Ul) frames with the
Poll bit set and a broadcast station address (X' FF'). The information field contains
the message consisting of IA5 characters (7-bit codes plus 1 odd parity bit). The
5494 sends commands and receives indications.

The 5494 supports only the Call Request command. If the user enters a 5494
connection number during the 5494 configuration, the 5494 uses the CRI command
and includes both the called AS/400 system and the calling 5494 connection
numbers in the call request; otherwise, the 5494 sends a CRN with the called
number only. The 5494 translates the user data from EBCDIC to International
Alphabet (IA5) codes with odd parity. If the 5494 finds a character that has no IA5
equivalent, it translates that character to a NUL.



Indications
The following indications are supported by the 5494:

CFI - Call failure
The DCE sends this indication with parameters indicating the cause for the
failure as defined in Table 5-1.

Table 5-1. Indication Parameters

Parameter Description

ET Engaged tone

CB Local DCE busy

RT Ring tone (timeout)

AB Abend call (timeout)

NT Answer tone not detected

FC Forbidden call (for nationally dependent parameters)

Note: Some DCEs define and use other parameters. Refer to the documentation for
your DCE.

DLC - Delayed call
The DCE sends this indication to the 5494 after repeated unsuccessful
attempts to place the call. The DCE includes a parameter to indicate the
number of minutes the DTE must wait before attempting the next retry.

INV - Call not valid
The DCE sends this indication to the 5494 if it receives a command that is not
valid or a command that it cannot perform. The 5494 does not process
parameters sent with this indication.

VAL - Valid call
The DCE optionally sends this indication to the 5494 after processing a valid
call request. The 5494 does not process parameters sent with this indication.

If the received indication is CFl, DLC, or INV, the 5494 clears the call and posts a
call indication message. If more than one parameter is received from the DCE in a
single indication, the 5494 posts only the last one. Indications other than those
specified are ignored.
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Interface States

The 5494 uses the CCITT V.24 100-series circuit references shown in Table 5-2 to
define the interface states supported.

Table 5-2. CCITT V.24 100-series Signal Lines

Label Circuit  Description Conditions
Tx1 103 Transmitted Data Oor1

Rx 1 104 Received Data Oor1

RTS 105 Request to Send On or Off
RFS 106 Ready for Sending On or Off
DSR 107 Data Set Ready On or Off
DTR 108.2 Data Terminal Ready On or Off
RLSD 109 Received Line Signal Detect On or Off
Cl 125 Calling Indicator On or Off

1

Initial Condition

The ANSI-EIA 232D reference labels these lines TD and RD, respectively. All other
names, labels, and signal line characteristics are the same in both references.

After the power-on reset (POR) sequence, the 5494 sets DTR=Off and maintains
this condition throughout diagnostics and diskette load operations. During this time

(approximately 40 seconds), the 5494 does not check the status of the DCE. After

the diskette load is complete, the 5494 attempts to establish DTE-to-DCE dialog.

Establishing DTE to DCE Dialog

The 5494 attempts to communicate with the DCE in the following sequence:

5-4
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1. The 5494 verifies that there is not an incoming call by monitoring the Cl line. If

the CI signal remains inactive for 10 seconds, the 5494 proceeds to the next
step.

. The 5494 verifies that DSR=0ff. If this condition does not exist, the 5494 waits

350 milliseconds, then rechecks this condition. If the condition still does not
exist, the 5494 posts an error code to all active workstations, and rechecks the
line at 5-second intervals. '

. After verification, the 5494 sets DTR=0On and waits for the DCE to set

RFS=0On. If this does not happen within 30 seconds, the 5494 posts an error
code, sets DTR=0ff, and reattempts to establish DTE-to-DCE dialog (step 1).

. The 5494 and the DCE reach dialog state when RFS=0On. The 5494 is then

ready to receive incoming calls or place operator-initiated outgoing calls.



Incoming Calls

The DCE indicates an incoming call to the 5494 by setting Cl=On. If the 5494 and
DCE are in dialog state and the 5494 is not processing an operator-initiated
outgoing call, then the 5494 waits for the DCE to set the call-connected state
(RFS=0ff and DSR=0n). Otherwise, the 5494 clears the call by setting DTR=0ff.
If, after a period of time (specified at configuration), the DCE does not signal the
call-connected state, the 5494 posts an error to all active workstations and sets
DTR=O0ff, clearing the call.

Outgoing Calls

After receiving an operator request for an outgoing call, if the 5494 and DCE are in
the dialog state, the 5494 sends a Ul frame to the DCE containing the Call Request
command. See “Commands” on page 5-2. If the DCE does not indicate the
call-connected state after a period of time (specified at CSU), the 5494 clears the
call by setting DTR=0ff, and posts an error code to all active workstations,
indicating a call-connected timeout.

Call Collision
The 5494 can have a call collision when:
* The 5494 is processing an operator-initiated outgoing call but has not yet sent

the Call Request command to the DCE, and the DCE sets CI=On (incoming
call).

¢ The 5494 has sent the Call Request command and the DCE signals an
incoming call.

In both cases, the call is cleared by setting DTR=0ff and posting an error code to
all active workstations.

Call-Connected State

The call-connected state occurs when the DCE sets RFS=0ff and DSR=0n after
either an outgoing or incoming call operation. The DCE may set these lines in any
order as long as both are set before the timer expires (set at CSU).

Transmission Encoding

The 5494 uses NRZ encoding/decoding for transmission and reception of call
information messages during the call establishment procedure in V.25 bis. After
reaching the call-connected state, the 5494 uses the transmission encoding method
specified during configuration (NRZ or NRZI).
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Chapter 6. LAN Support for Token-Ring and Ethernet

This chapter provides information about 5494 support for attachment to either of
two local area networks (LANSs): token-ring or Ethernet. This chapter does not
contain information about LAN communication protocols or transmission
subsystems. For information on these, refer to the books under “Related
Publications” on page xxv.

Overview

The 5494 with a 5494 Token-Ring Adapter or 5494 Ethernet Adapter allows
programmable workstations (PWSs) attached to a LAN to communicate with an
AS/400 system through the 5494. This is called a LAN Gateway configuration
because the 5494 serves as a gateway between LAN-attached workstations and an
AS/400 system.

You can also attach the 5494 as a station on a LAN to communicate with the
AS/400 system. This arrangement permits workstations attached to the 5494 to
communicate with an AS/400 system through the LAN. This is called LAN AS/400
Attachment configuration because the LAN is the connection for the 5494 to the
AS/400 system.

For the token-ring configuration, the 5494 supports:

¢ Logical link control IEEE 802.2
¢ Medium access control IEEE 802.5
» Data rates of 4 and 16 Mbps

For the Ethernet configuration, the 5494 supports:

Logical link control IEEE 802.2

Medium access control IEEE 802.3

IEEE 802.3 frame format

DIX Version 2.0 frame format

A data rate of 10 Mbps

Attachment using one of the following connectors:
— 10BASE2 BNC
— 10BASES5 15-pin D-SUB
— 10BASE-T RJ-45

LAN Gateway Configuration

The 5494 with a 5494 LAN adapter supports as many as 80 workstations in a LAN
Gateway configuration. As many as 56 of these workstations can be attached to
the 5494 through the twinaxial ports. The remainder (or all 80 workstations) can be
attached to a LAN.

The 5494 serves as a “pass-through” control unit for communication between LAN
PWSs and an AS/400 system. As the data is passed from the AS/400 system to
the LAN, the 5494 replaces the host communication protocol (SDLC, X.21, or X.25)
with token-ring or Ethernet protocol. For information passing from the LAN to the
AS/400 system, the 5494 replaces the LAN protocol with the appropriate host
communication protocol. The 5494 makes only minor BIND request and SNA
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addressing changes. All information passed between an AS/400 system and a
PWS in an LU-LU session remains unchanged. See Chapter 12, “Programmable
Workstation Support,” for more information.

A 5494 in a LAN Gateway configuration generates and sends generic alerts for
LAN errors to the AS/400 system and it forwards alerts from LAN workstations to
the AS/400 system.

For information about generic alerts that are generated, see “LAN Gateway Error
Recovery” on page 6-6. For information about alert forwarding, see “Alert
Forwarding” on page 12-3.

Initialization and Link Establishment
If a LAN adapter installed without errors and the 5494 is turned on in configuration
mode, the adapter is initialized for gateway support. When the 5494 has been
configured for LAN Gateway and is turned on in normal mode, it opens the LAN
adapter and waits for a LAN PWS to initiate a connection. The actual connection
sequence is shown in Figure 6-1 on page 6-3.
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Data Communication

LAN Network
‘ | ’ |
PWS 5494 AS/400
XID3
XID3
LU 6.2 BIND
Reserved Mode
BIND RES
Reserved Mode
Activation
LU 6.2 BIND
UserMode
BIND RES
5494 Session
Activation
SSCP-PU
Session
Active
EC Download
5494 Ready
TEST
TEST
XID3
XID
Negotiation
Secondary Primary
SABME
UA
LU 6.2 BIND

Figure 6-1. LAN Gateway Initialization and Link Establishment

LAN Gateway Parameters

When configured for a LAN Gateway, an attached PWS is considered a link station.
When the LAN Gateway configuration is selected, certain configurable parameters
must be set to help regulate communication between the 5494 and link stations on

the LAN. The following sections describe these parameters.
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5494 LAN Address
The 5494 uses a locally administered address rather than the universally
administered address encoded on the LAN adapter.

¢ For token-ring, valid values are 0 through 9 and A through F. The first four
character positions must contain X'4000'. The default value is
40005494E000.

e For Ethernet, valid values are 0 through 9 and A through F. The first four
character positions must contain X'0200' (canonical format) or X'4000'
(token-ring format). The default value is 02005494E000.

Note: If the address was configured in token-ring format, it is converted to
canonical format before being used.

5494 Service Access Point (SAP)

This is the LAN SAP of the 5494 that is used in the connection between the PWS
and the 5494. Valid values are X'04' through X'FC' that are multiples of X'04'.
The default value is X'04"'.

Response Timer (T1)

Whenever an information transfer format (I-format) logical protocol data unit (LPDU)
or a command LPDU with the poll bit set to B'1' is sent, the 5494 starts the
Response timer (T1). If the 5494 Response timer expires before a response is
received, the 5494 checks the status of the receiving link station by sending a
supervisory command LPDU with the poll bit set to B'1'. Therefore, the 5494
Response timer must be set to a value greater than the accumulated delays that
the frame can incur at the sending node, in the network, and at the receiving node.

The T1 timer is an important link station timer, especially in the split bridge
environment. T1 is used by the link stations to detect a failure to receive a required
acknowledgement or response. There is a T1 timer at each link station. The value
set in the 5494 and its partner link station should usually be the same.

The T1 timer should be set equal to or greater than the maximum round trip
transmission delay. This delay varies with the number of bridges between the
AS/400 system and the 5494, the queuing delay at the bridges, the buffer sizes at
the bridges, and the transmission delay across telecommunication links if you are
using split bridges.

For more information, refer to IBM Multisegment LAN Design Guidelines.

Valid values are 1 through 20 (seconds) or *. The default value is 1. A setting of 1
to 2 seconds is typical. Setting the Response timer higher than 2 seconds can
cause noticeable delays in responses that must be retransmitted.

For token-ring, when * is configured, the T1 timer value is calculated by the 5494.
This calculation is an approximation of the delay based on the number of bridges
between the AS/400 and the 5494. Other delay factors are either not available to
the 5494 or may vary over time. See Table 6-1 on page 6-5 for the values that
are calculated. Table 6-1 on page 6-5 shows the value to which the T1 timer is
set based on the number of rings in the network:



Table 6-1. T1 Timer Values If the * Calculation is Configured
Number of Rings 1 2 3 4 5 6
T1 Timer Value 1 1 2 2 3 3

Inactivity Timer (Ti)

Whenever the Response timer is not running, the 5494 Inactivity timer (Ti) is
running. If this timer expires, the communications link may have been lost. If so,
the 5494 attempts to reestablish communications.

Valid values are 1 through 99 (seconds). The default value is 30. The Inactivity
timer should be set to a value that is at least 10 times greater than the Response
timer (T1) setting.

Receiver Acknowledgment Timer (T2)

Whenever an |-format LPDU is received, the 5494 starts a Receiver
Acknowledgment timer (T2). This timer stops when either of the following events
occurs:

e An acknowledgment is sent with an outgoing frame.
¢ The Maximum Out (TW) value is reached. See “Maximum Out (TW).”

When the T2 timer expires, the 5494 must send an acknowledgment as soon as
possible. The T2 timer must be set to a value that is less than the Response timer
(T1) setting at the sending link station. This value for T2 ensures that the sending
link station receives an acknowledgment before its Response timer expires.

Valid values are 1 through 255 (milliseconds). The default value is 30. A setting of
30 to 255 milliseconds is typical. '

Retry Count (N2)

The Retry Count (N2) is the maximum number of times the 5494 will check the
status of a receiving link station after the 5494 Response timer (T1) expires. This
count prevents continual retransmission of the same I-frame. The Retry Count
setting should be coordinated with the Response timer setting to allow for error
detection and recovery on the network.

Valid values are 1 through 99 (retries). The default value is 8. A setting of 10
retries or less is typical.

Maximum Out (TW)
The Maximum Out (TW) is the maximum number of I-format LPDUs the 5494 may
send before it must stop transmitting to wait for an acknowledgment.

This value must be at least twice the value of maximum in (N3) at the receiving
PWS. Otherwise, network response time can be severely degraded.

Valid values are 2 through 8 (frames). The default value is 2. A setting of 2
frames is typical.
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Maximum In (N3)

The Maximum In (N3) is the maximum number of I-format LPDUs the 5494 may
receive before it must send an acknowledgment. Because very little network
overhead or 5494 processing is required to send or receive acknowledgment
frames, you can send an acknowiedgment for every I-format LPDU received.

This value must not be more than half of the maximum out (TW) value at the
sending link station.

Valid values are 1 through 4 (frames). The default value is 1. A setting of 1 frame
is typical.

Error Logging and Recovery

When an error causes the LAN connection to be lost, the 5494 logs an error and
attempts to reopen the LAN adapter if the link failure closed the adapter. If the
LAN adapter fails to reopen, the 5494 continues attempting to open the adapter at
30-second intervals.

Note: Some LAN errors require operator intervention to reopen the LAN adapter.
See “LAN Gateway Error Recovery.”

IBM 5494 Remote Control Unit Maintenance Information describes all system
reference codes (SRCs) that the 5494 issues as the result of an error.

LAN Gateway Error Recovery
The 5494 internally logs errors by date and time. For the following problems, the
5494 issues generic alerts if there is an AS/400 connection:

¢ For token-ring:
Lobe Problem during Insertion
Beaconing Problem during Insertion
Duplicate Station Address on Ring during Insertion
Remove Ring Station Medium Access Control (MAC) Frame Received
Undefined Error during Insertion
Wire Fault on Ring
Adapter Off Ring under Beacon Auto-Recover Process
REMOVE ADAPTER Command Received
Ring Beaconing Timeout
e For Ethernet:
Unable to Transmit

Duplicate Node Address on Bus
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LAN AS/400 Attachment Configuration

The 5494 supports as many as 56 workstations if the Twinaxial Expansion Kit is
used, (or 28 workstations if it is not used) in a LAN AS/400 configuration. All of
these workstations are attached to the 5494 using twinaxial cable or any cable that
supports 5250 data stream communication.

The 5494 with the 5494 Ethernet Adapter allows PWSs and nonprogrammable
workstations (NWSs) attached to the 5494 to communicate with an AS/400 system
through an Ethernet network.

The 5494 with the 5494 Token-Ring Adapter allows PWSs and nonprogrammable
workstations attached to the 5494 to communicate with an AS/400 system through
a Token-Ring network.

Initialization and Link Establishment
When the 5494 is configured for LAN AS/400 Attachment and is turned on in
normal mode (not configuration mode), it opens the LAN adapter and sends a
TEST command through the LAN to the AS/400 system to determine whether the
system is active on the LAN. If the 5494 receives no response to the TEST
command, the 5494 resends the command at 30-second intervals until a response
is received. This allows an automatic start of a LAN link connection when the
AS/400 system opens an Ethernet or token-ring connection. The actual connection
sequence is shown in Figure 6-2 on page 6-8.
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Twinaxial

Connection LAN
o
PWS NWS 5494 AS/400
TEST
RSP
XID3 (Secondary)
XID NULL
XID3 (Secondary)
XID
Negotiation
(Primary)
SABME
UA >
LU 6.2 BIND
Reserved Mode -
BIND RSP
Reserved Mode
Activation
LU 6.2 BIND >
UserMode
BIND RSP
5494 Session
Activation
SSCP-PU
Session
Active
ECDownload
5494 Ready Encapsulated
LU4and
LU7BIND
RSP
NWS Session
with AS/400
Start PC
Support
LU 6.2
BIND
PWS Session
with AS/400
RSP BIND RSP

Figure 6-2. LAN AS/400 Attachment Initialization and Link Establishment
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Alternate AS/400 System

The 5494 supports preconfiguration for as many as four AS/400 systems. No
action is required to establish a communications link through a LAN to the primary
AS/400 system. If a LAN line is available and the AS/400 Workstation Controller is
varied on, the 5494 automatically establishes communication with the system
designated in your configuration parameters as the primary host.

Without concurrent host attachment, the 5494 communicates with only one AS/400
system at a time. You must end communication with one system and manually
initiate communication with an alternate system. (For more information about
network link establishment, refer to the IBM 5494 Remote Control Unit User’s
Guide.) With concurrent host attachment, the 5494 can communicate with up to
four AS/400 systems at a time.

LAN AS/400 Attachment Parameters

When the communications mode is set to Token-Ring or Ethernet AS/400
Attachment, certain configurable parameters must be set to help regulate
communication between the 5494 and the AS/400 system. The following sections
describe these parameters.

AS/400 LAN Address

This is the LAN address of the AS/400 system. Valid values are 0 through 9 and A
through F. For Ethernet locally administered addresses, the second character
position must be 2, 6, A, or E.

AS/400 SAP
This is the LAN SAP of the AS/400 system. The SAP is used in the LAN
connection between the 5494 and the AS/400 system.

Valid values are X'04' through X'FC' that are multiples of X'04'. The default
value is X'04'.

All Other Parameters
For all other parameters (for example, 5494 LAN Address and 5494 SAP) see “LAN
Gateway Parameters” on page 6-3.

Error Logging and Recovery
When an error causes the LAN connection to be lost, the 5494 logs an error and
attempts to reopen the LAN adapter if the link failure closed the LAN adapter. If
the LAN adapter fails to reopen, the 5494 continues attempting to open the adapter
at 30-second intervals.

Note: Some LAN errors require operator intervention to reopen the LAN adapter.
See “LAN Error Recovery” on page 6-10.

The IBM 5494 Remote Control Unit Maintenance Information manual describes all
SRCs that the 5494 issues as the result of an error.
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LAN Error Recovery
The 5494 internally logs the following errors by date and time:

¢ For token-ring:
Lobe Problem during Insertion
Beaconing Problem during Insertion
Duplicate Station Address on Ring during Insertion
Remove Ring Station MAC Frame Received
Undefined Error during Insertion
Wire Fault on Ring
Adapter Off Ring under Beacon Auto-Recover Process
REMOVE ADAPTER Command Received
Ring Beaconing Timeout
e For Ethernet:
Unable to Transmit

Duplicate Node Address on Bus

LAN Statistics and Logs

6-10

The 5494 maintains LAN adapter and data link control statistics and logs internally.
You can access these statistics and logs by entering a command at the 5494
operator panel.

Refer to 5494 Remote Control Unit Maintenance Information for further information
on how to access these statistics and logs.

Statistics are maintained for each link station. These include:

¢ Transmit I-frames
* Receive |-frames
¢ Transmit errors
¢ T1 expired.

Log statistics are maintained for the 5494 attachment to the LAN. These include:
¢ For token-ring:

— Line errors

— Internal errors

— Burst errors

— Address Recognized/Frame Copied errors
— Abort delimiters

— Retransmitted frames

— Receive congestion

— Frame copy errors

— Frequency errors

— Token errors.

¢ For Ethernet:

— Transmit errors

Functions Reference



— Receive congestion errors

LAN errors are logged in the 5494 error log.

LAN Management

The 5494 supports a LAN manager for management of the token-ring or Ethernet
network. For large LANs, a LAN manager is recommended for effective
management of the network and for full LAN status visibility.
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. Chapter 7. Frame-Relay Support

Frame relay is a connection-oriented interface specification designed to support
transmission of data at relatively high speeds. Frame relay originated as an option
service of ISDN, although it has been implemented in few public ISDN networks.
Instead, it has become very important as a network interfacing technique
independent of ISDN.

Frame relay is functionally similar to X.25, in that it uses a packet-switching
protocol where a “virtual circuit’ is established through the network. Architecturally,
however, it differs from X.25 in that frame-relay routing is based on layer 2 (the
data link layer) compared with the layer 3 (network layer) architecture used by
X.25. This reduces the processing overhead for the equipment used to attach to
the frame-relay network and the frame-relay network nodes.

Frame relay is much simpler than X.25 and can therefore offer higher throughput
rates on the same equipment. Frame relay is an interface definition. A frame-relay
network provides connectivity between devices that are attached to the network
through the frame-relay interface. This interface consists of pairing a local address
(the data link connection identifier [DLCI]) on one port with a local address on
another port elsewhere on the network.

Communicating devices interact with one another across the network transparently,
through a virtual link called the permanent virtual circuit (PVC). In the support
offered by the 5494, up to four PVCs can be configured, only one of which can be
active at one time.

5494 Functional Support

Release 3.1 of the 5494 provides the following frame-relay support:
» SNA direct as described in Request for Comments (RFC) 1490.
— Bridged frame relay is not supported.
» Support for the following link management interface (LMI) options:

— ANSI T1.617 Annex D
— CCITT Q.933 Annex A
— No LMI

The first two of the above options use DLCI 0 as the virtual circuit for
communication with the network.

* A maximum of 64 permanent virtual circuits (DLCIs) configured on the network
link between the 5494 and the ALS. The 5494 looks at a maximum of 64
DLCls exchanged between itself and the frame handler (FH), but only one of
those DLCIs may be active at one time. Any additional DLCIs are ignored by
the 5494.

» Frame relay is a configuration option for communication with the AS/400
system. Additionally, a LAN gateway may be used to connect devices to the
5494.
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Frame-Relay Physical Level

The 5494 uses the current 5494 hardware with either a V.35 or an X.21 cable. The
maximum line speed supported is 128 Kbps. ‘

Physical Interfaces Line Speeds
V.35 56 000 through 128 000 bps
X.21 56 000 through 128 000 bps

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.

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.

Frame-Relay Link Level

7-2
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Frame-relay frames follow the IEEE 802.2 protocol. Frames of data are routed
through the network nodes with minimal protocol termination. A frame-relay frame
is the same as a normal SDLC/HDLC frame except that it uses two address bytes
and has no control fields.



Frame Format

<l Frame —
) )
AN
Flag QA0 QA1 Information FCS FCS Flag

) )

\ AN

DLCIO CR EA0 DLCH cc EA1
4= 6 bits = 4 bits —Pi4— 3 bits —»!

Figure 7-1. Frame-Relay Frame Structure

Table 7-1. Frame Relay Core Services Values

Abbreviation Description
QA0 & QA1 Q.922 address field
2 bytes
DLCIO & DLCH Data Link Connection Identifier
10 bits
C/R Command/Response bit
EAOQ & EA1 Extended address bits
EA=1 means last extension
CcC Congestion control
FECN - Forward Explicit Congestion Notification bit
BECN - Backward Explicit Congestion Notification bit
DE - Discard Eligibility bit
Information Frame-Relay Header and PDU/Packet
FCS Frame Check Sequence (CRC)

Chapter 7. Frame-Relay Support
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Frame-Relay Protocol Headers/Formats

I

I The following frame-relay headers and PDU/Packets are contained in the

| information field of the frame. Pad characters (X'00') are permitted between the

| “C” field and the “NLPID” field. This is to allow boundary alignment. However, with
I NLPID = 08, there will be 0 pad bytes.

< Frame >

) )
AN
Flag QA0 QA1 Information FCS FCS Flag
) L
ASRY

: Header and PDU/Packet

C | NLPID L2 L3 DSAP SSAP CTL | FID2(T2.1) PDU

03 08 4C80 | 7083

I Figure 7-2. Frame-Relay Headers and Formats

] Table 7-2. Frame-Relay Header/Formats Values

| Abbreviation Description

| C Control field (1 byte)

[ 03 - Q.922 (HDLC)

| NLPID Network Level Protocol ID (1 byte)
| 08 - CCITT Q.931

| L2 Layer 2 Protocol (2 bytes)

l 4C - 1SO 802.2 - byte 1
] 80 - Undefined - byte 2

| L3 Layer 3 Protocol (2 bytes)
| 70 - User specified - byte 1
| 83 - SNA Type 2.1, LUB.2 - byte 2

| DSAP Destination Service Access Point (1 byte)
| SSAP Source Service Access Point (1 byte)

| - CTL 802.2 Control Field (1 or 2 bytes)

| FID2 (T2.1) PDU SNA LU6.2 data
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Frame-Relay Operation

I

| A frame-relay network operates as follows. An end-user device sends a frame to

| the network. A node on the network receives the frame and examines it for format
| and size, verifying the Frame Check Sequence (FCS). The node discards the

| frame if the frame is not valid or has been corrupted. The node examines the DLCI
I and refers to a routing table to determine the destination of the frame. The node

I then changes the address field in the frame header to the correct identifier for this

| connection on the destination link. The frame is then sent along the network along
I the destination link to the destination end-user device.

| It is assumed that the network delivers the frames to the remote end-user device in
| the same sequence as they were presented to the network by the local end-user
| device.

| Local Management Interface

| The local management interface (LMI) is an interface between the end-user device
| and the frame-relay network. The LMI offers the following management functions:

| * A query command that allows the end-user device to ask the network if tho
| network is still active. This Status Inquiry is also known as the “heartbeat” or
| “keep-alive” message.

The keep-alive exchange is used to maintain contact between the end-user
device and the frame handler node. It consists of an exchange of sequence
messages. The polling interval (POLLITV) specifies the intervals at which the
end-user device sends Status Inquiry messages to the frame handler node.
The frame handler is expected to respond with a Status message that includes
the correct sequence number (both Status Inquiry and Status messages include
sequence numbers).

| * A query command to ask the network for a list of valid DLCls.

After the number of Status Inquiry messages specified by the full inquiry
interval (FULLINQITV) parameter have completed, the TE (5494) requests a full
status from the frame handler. The frame handler responds with a status
message that includes a list of PVCs (DLCIs) assigned to the physical
connection and the status of each PVC.

| Packet (Frame) Size
| Maximum frame size - range 265 to 1024 bytes plus frame-relay headers

| Fragmentation/Reassembly
| Fragmentation/Reassembly is not supported.

Error Recovery and Reporting

I

I When an error causes the frame-relay connection to be lost, the 5494 logs an error.
| If the link failure has closed the adapter, the 5494 attempts to reopen the adapter.

| If the adapter fails to reopen, the 5494 continues to attempt to open the adapter at
| 30-second intervals.
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Chapter 8. Type 2.1 Node Support

This chapter provides information about 5494 support for the T2.1 node. The T2.1
node allows peer-to-peer connection of distributed processors (for example, AS/400
system and 5494) and provides the physical and session-level connectivity required
for support of independent type 6.2 logical units (LU 6.2).

The 5494 implements T2.1 low-entry networking (LEN) end node support as
described in the Systems Network Architecture Advanced Peer-to-Peer Networking
Architecture Reference.

The 5494 supports a single independent LU used for management of NWSs
(displays and printers). This LU supports parallel sessions and can send or receive
BINDs. No dependent LUs are supported by the 5494. For more information on
how the 5494 provides NWS support, see Chapter 10, “Nonprogrammable
Workstation Support.” For more information on LU session management, see “SNA
LU 6.2 Support” on page 13-1.

For PWSs connected to the 5494, the LUs are contained in the PWSs, and the
5494 simply passes all LU 6.2 LU-LU traffic through for the PWS LUs. See
“Pass-Through Function” on page 12-1 for more information on the PWS
pass-through function.

The Address Space Manager (ASM) in the control point of the 5494 maintains a
single address space of 17-bit local-form session identifiers (LFSIDs) for the single
instance of data link control (DLC) that is supported. Because the 5494 is the
secondary link station, the LU 6.2 frames for all sessions initiated by the 5494 or by
a PWS attached to the 5494 contain an origin address field/destination address
field (OAF/DAF) assignor indicator (ODAI) bit = B'1' when flowing on the link to
the adjacent link station (ALS). The LU 6.2 frames for all sessions initiated by the
AS/400 system contain an ODAI bit = B'0' when flowing on the link to the ALS.

The 5494 begins assigning LFSIDs to sessions initiated by itself or by an attached
PWS with ODAI bit = B'1', session identifier high (SIDH) = X'02', and session
identifier low (SIDL) = X'00'. Subsequent sessions initiated by the 5494 are
assigned the lowest available SIDH/SIDL value above X'0200'.

The 5494 must handle LFSIDs assigned by the adjacent link station (ALS) with
ODAI = 0 for the the following LU 6.2 sessions:

¢ NWS session (one for each NWS)

* PWS sessions that are initiated by the AS/400.
The 5494 can handle a maximum of 1402 sessions with ODAI = 0. The maximum

includes 120 NWS sessions, two 5494 Utility Program remote access function
sessions, and 1280 PWS sessions.

All T2.1 nodes must support an XID3 exchange. This allows node characteristics
to be determined dynamically.
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XID Command

8-2
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The XID command is issued by the primary link station to solicit the identification of
the 5494. The 5494 checks received XID commands to verify the validity of the
I-field if present, and to ensure that the ALS and the 5494 are compatible. In
addition, the 5494 checks for protocol errors and returns an XID negotiation error
(X'22') control vector in the I-field of its XID response if an error condition is
detected in the received XID command. The 5494 checks for the error conditions
listed in Table 8-1. The byte and bit values listed in Table 8-1 are those used in -
the XID negotiation error control vector in Table 8-2 on page 8-3.

Table 8-1. XID Command I-field Error Conditions
Byte Bit Description

256 0 XID I-field > 255 bytes

0] 0 Format of I-field = X'3' (must be Format 3 XID)

1 0 XID I-field length = length of received frame

1 0 XID I-field length < 29 bytes

9 4 XID exchange state = B'00' (ESI not supported), or protocol
(state) error

17 0 DLC type = X'01' (must be SDLC)

19 1 ABM support = B'0"' (must not support ABM if not X.25 ELLC)
ABM support = B'1' (must support ABM if X.25 ELLC)

19 2 Link station role = B'00' (ALS must not be secondary), or
protocol (role) error

21 1 Max BTU length the XID sender can receive < X'0109' (Primary
must support at least 265 byte BTUs)

23 4 SDLC profile = X'0' (must support SNA link profile)

27 1 Max I-frames XID sender can receive before acknowledgment is

sent = X'00' or > X'07' (X'00' is not valid and > X'07"'
requires modulo 128)

XID Negotiation Error Control Vector

0 Control vector present in received XID3 (byte value points to
start of control vector received)

Note: Reserved bits are not checked. Additional control vectors contained in the XID3
command are ignored and do not cause an error.

Key: X = hexadecimal B =binary = = not equal.

The XID response is transmitted by the 5494 only in response to an XID command
from the primary link station. The XID exchange is valid in both Disconnected
mode and Normal Response mode.

Table 8-2 on page 8-3 defines the I-field contents sent in the XID response by the
5494, ’



Table 8-2 (Page 1 of 3). XID Response Format

Bytes Bits Value Description
0 0-3 X'3! I-field format is Format 3 - variable format
4-7 X2 PU Type 2
1 0-7 - X'xx' XID I-field length; range = 60-79
2-5 0-11 X'073' 5494 block number
12-31 X' xxxxx' 5494 ID is provided during configuration of the
5494. The default value is X'000aa', where
aa = the 5494 station address.
6-7 0-15 X'0000' Reserved
8-9 0 B'1' INIT-SELF not supported
1 B'0' BIND accepted by 5494
2 B'1' Will not send BIND segments
3 B'1' Cannot receive BIND segments
4-7 B'0000' Reserved
8 B'1' No SSCP-PU session
9-11 B'000' Reserved
12-13 XID exchange states:
B'01' Negotiation proceeding
B'11' Nonactivation
14-15 B'00' Reserved
10 0-1 B'00' Adaptive BIND pacing (send and receive) not
supported
2-7 B'000000' Reserved
11-16 0-47 X'000000000000' Reserved
17 0-7 X'01' DLC type = SDLC
18 0-7 X'0B' Length of DLC section = 11
19 0 B'O' Reserved
1 B'0' ABM not supported
B'1' ABM supported (X.25 ELLC only)
2-3 B'00’ Station role: 5494 is secondary station
4-5 B'00' Reserved 1
6-7 B'00' Send/Receive capability: Half-duplex
20 0-7 X'00! Reserved
21-22 0 B'0' Format flag: Bits 1-15 contain maximum BTU
length
1-15 X'0409' Max BTU length the 5494 can receive is 1033
23 0-3 X'o! Reserved
4-7 X'0' SDLC profile: SNA link profile supported
24 0-1 B'00' Reserved
2 B'O'

Initialization mode: SIM and RIM not supported
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Table 8-2 (Page 2 of 3). ' XID Response Format

Bytes _ Bits Value Description
3-7 B'00000' Reserved
25-26 0-15 X'0000' Reserved
27 0] B'O! Reserved
1-7 X'07' Max I-fram‘es 5494 can receive before
acknowledgment is sent = 7
28 0-7 X'00' Reserved

Product Set ID Control Vector

29
30
31
32
33
34

35
36
37
38-41
42-44
45-46
47-53

0-7
0-7
0-7
0-7
0-7
0-3
4-7
0-7
0-7
0-7
0-31
0-23
0-15
0-42

X'10'
X'17!
X'00'
X'16'
xX'11!
X'0'
X'1!
X'13'
X'00'
X'12'
C'5494'
c'oon'
C'nn'

C'00nnnnn'

CV key: Product set ID control vector
CV length = 23

Retired

Length of product ID subvector = 22

Key of product ID MS common subvector
Reserved

Product class = IBM hardware

Hardware product ID subfield length = 19
Hardware product ID subfield key
Format type

Machine type = 5494

Model: 001 or 002

Plant of manufacture

Serial number

Network Name Control Vector

54
55
56
57-n

0-7
0-7
0-7

X'OE'
X'xx'
X'F4'

C'c...c'

CV key: Network name control vector
CV length: Range = 4-18
Network name type: Qualified CP name

Network-qualified CP name: 3-17 bytes in
format “network_name.cp_name” where each
name can be from 1-8 characters

Negotiation Error Control Vector 2

0

1
2-3
4

5-8

0-7

0-7

0-7

X'22'

X'03'
X' xxxx'
X'xx'

X XXXXXXXX

CV key: Specifies that an XID negotiation
error has occurred

CV length =33

Error byte offset: 0 origin
Error bit offset: 0 origin
Sense data 4

Short Hold Mode Control Vector 5

0
1

8-4 Functions Reference
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07

X'32'

X'xx'

CV key
CV length



Table 8-2 (Page 3 of 3). XID Response Format

Bytes Bits Value Description

2 0-7 X'00' Reserved

3-n Dial digits of XID sender

3 0-7 X'xx! Number of dial digits (valid range = 4-14)

4-n X'x.x' Dial digits packed (2 hex digits per byte); if
number of digits is odd, low-order bit of last
byte is X'C'

n+1-p Connection identifier

n+1 0-7 X'xx! Length (valid range = 0-8)

n+2-p X'x.x' Connection 1D

p+1-q Short Hold mode token

p+1 0-7 X'00' Length (valid range = 0-8; 0 for XID sent by
5494)

p+2-q X'x..x' Short Hold mode token

1 For Short Hold mode, bit 4 of byte 19 is a status indicator (B'0' = Short Hold mode active;
B'1' = Short Hold mode reset); bit 5 of byte 19 is a Short Hold indicator (B'0' = XID
sender incapable of Short Hold mode; B'1' = XID sender capable of Short Hold mode).

2 The negotiation error control vector is appended only if a format or protocol violation is
detected in the received XID command.

3 If a Short Hold mode error occurs, CV length = 7 (X'07").
4 This sense data field is present only when a Short Hold mode error occurs.

5 The Short Hold mode control vector is appended only when an XID3 command or
response for Short Hold mode is issued.

Key: X = hexadecimal B =binary = C = EBCDIC character
x = hex digit b = bit ¢ = alphanumeric EBCDIC character
a = alphabetic EBCDIC character
= numeric character
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Chapter 9. SNA Subarea Network Support

The 5494 is able to communicate with an AS/400 system through an SNA subarea
network. If you have existing SNA subarea network attachments, you can connect
the 5494 to your network and communicate with any AS/400 system that is also
attached to the network.

Description of SNA Subarea Network and Low-Entry Networking

An SNA Subarea Network consists of the following SNA nodes, also called subarea
nodes:

+ The Type 4 node is the Network Control Program (NCP) running in a 3720,
3725, or 3745 Communication Controller.

* The Type 5 node is the Virtual Telecommunications Access Method (VTAMY)
running in a System/370* mainframe.

In the traditional SNA subarea network, peripheral nodes (for example, Type 2.0
nodes with their associated logical units [LUs]) are connected to the boundary
functions of subarea nodes. These LUs rely on the services of the System
Services Control Point (SSCP) in VTAM for session establishment, routing, and
other services. These subarea networks typically have complex configurations and
provide connectivity to the System/370 mainframe for a predefined set of resources.

Low-Entry Networking (LEN), by comparison, is designed to allow the
implementation of low-cost networks that are flexible and easy to use. It is based
on the Type 2.1 (T2.1) node and provides a common protocol for peer-to-peer
connectivity. In addition, the predefinition of system resources is minimal because
characteristics and capabilities are exchanged dynamically during connection
establishment.

The T2.1 node support in NCP and VTAM allows LUs in different T2.1 nodes to
establish sessions through the SNA Subarea Network. This support combines the
advantages of large, heavy-duty networks with those of small, easy-to-use,
low-entry networks.

The support provided allows the 5494 and the AS/400 system to communicate with
each other through the SNA Subarea Network. The 5494 and the AS/400 system
attach to the subarea network through a low-entry networking boundary function
(LEN-BF) provided by either NCP or VTAM. The 5494 can access the subarea
through an NCP, 3174 network node, or a PS/2 computer operating as a network
node.

Figure 9-1 on page 9-2 and Figure 9-2 on page 9-3 show the 5494 and AS/400
systems “A” and “B” attached to the network through LEN-BFs as T2.1 nodes.

Without concurrent host attachment, the 5494 communicates with one target
AS/400 system at a time; therefore, all NWSs connected to the 5494 are connected
logically to the same AS/400 system. All errors reported by the 5494 also are
reported to the same AS/400 system.

With concurrent host attachment, the 5494 can communicate with up to four
AS/400 systems at a time. All errors reported by the 5494 are reported to the
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primary AS/400 system. In either case, the 5494 provides a T2.1 pass-through
function for the PWSs, which allows each PWS to establish its own connection with
any AS/400 system connected to the subarea network.

In addition, using the host-initiated PWS session support, any AS/400 connected to
the subarea network can initiate a session with any PWS attached to the 5494.

The 5494 can be configured for up to four AS/400 connections. After
communications are ended with one AS/400 system (for example, AS/400 H1), an
alternate connection could be established with another AS/400 system (for
example, AS/400 H2) without reconfiguring the 5494.
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Figure 9-1. Attachment of Remote Workstations through an SNA Subarea Network
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Figure 9-2. Token Ring or Ethernet Attachment of the 5494 to an SNA Subarea Network
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Chapter 10.

SNA Basic Link Unit

Nonprogrammable Workstation Support

This chapter provides the functional details for nonprogrammable workstations
(NWSs) attached to the 5494. See Chapter 13, “Systems Network Architecture
Support,” for more information on SNA.

AS/400 system support for the NWSs is maintained using the 5250 data stream
commands and SNA LU 4 and LU 7 commands. These commands are
encapsulated in LU 6.2 headers.

Figure 10-1 shows the SNA path information units (PIUs) LU 6.2, LU 4, and LU 7
as they appear in the SDLC frame.

[l< SDLC Frame >{
I LU 6.2 Path Information Unit #‘%
|<— LU 6.2 Request/Response Unit ———l
) )
( (
SDLC LU6.2 Lue.2 General Data LU4and LU 7 SDLC
Link Transmission Request/Response Stream Header Path Information Link
Header Header (TH) Header (RH) (LLID) Unit Trailer
) )
g { ( "~
/‘/ "~ ~..
e \\\
e ..
d o
7 .
LU4and LU 7 LU4andLU 7 LU4and LU 7
Transmission Request/Response Request/Response
Header (TH) Header (RH) Unit (RU)

Figure 10-1. SNA SDLC Path Information Unit

LU 6.2 sessions must be established between the selected AS/400 system and the
5494. These sessions serve as pipelines for the encapsulated data. The 5494
implements an LU 6.2 closed application program interface (API) whose purpose is
to support this encapsulation. No additional LU 6.2 support is provided for NWSs.
For information about the X.25 PIU, see Figure 3-1 on page 3-3.

The 5494 implements a single LU with parallel sessions for the support of all
attached NWSs. One session is a controller session used for maintenance
information, statistics, product information, and code upgrade. With concurrent host
attachment, one controller session may be established with each AS/400 system.

In addition, there is one session per active NWS with each AS/400 system with
which the NWS is communicating. The BIND for the controller session is sent by
the 5494, and the BINDs for the NWS sessions are sent by the AS/400 system.
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Bring-up Operations

In order for the 5494 to establish or reestablish a logical connection with the
selected AS/400 system, three steps (collectively called bring-up operations) must
be taken to activate the session. These steps are:

1. Initialize session limits
2. Activate the controller session
3. Activate the workstation sessions.
The 5494 connection attempts are triggered by one of the following:

« Initial code load of the 5494 and successful physical link activation with one or
more powered-on workstations

¢ Link establishment by the workstation operator when the controller session is
not already active

e Power-on of a device when no connection is already active
* Recovery following abnormal end of connection.

For more specific information on link establishment, refer to the /IBM 5494 Remote
Control Unit User’s Guide.

Initializing Session Limits

Session limits are established through a function called Change Number of
Sessions (CNOS) that runs prior to establishing the controller session. Information
is exchanged with the AS/400 system to establish the maximum number of
sessions allowed for the 5494. This information exchange is based on the mode
name configured in the 5494.

The mode name configured in the 5494 matches a mode description on the AS/400
system, and that mode description sets the limit on the number of sessions
allowed. The mode name also controls certain session parameters such as
maximum request/response unit (RU) size and pacing.

If there is failure in the CNOS exchange, the 5494 performs retries if it is configured
to do so. The number of retries and the delay between retries is selected during
configuration. The reason for the CNOS failure is logged in the 5494 error log. If
all retry attempts fail, an SRC is displayed on all active NWSs.

After the retry count is exhausted, retries will continue at 10-minute intervals, if the
5494 is configured for continuous retries. Continuous retries continue until
connection is established or an unrecoverable error occurs.

Activating the Controller Session

10-2

After successful CNOS negotiation, the 5494 establishes the controller session with
the selected AS/400 system. The 5494 can then receive code upgrades from the
selected AS/400 system and can send product information about its attached
workstations.

The controller session remains active to serve as a pipeline for maintenance,
statistics, and product information.
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Activating the Workstation Sessions

When an NWS is turned on, a notification identifying the device is sent to the
AS/400 system on the controller session. After verifying that the device description
is valid and the device has been brought online, the AS/400 system establishes an
LU 6.2 session for the device. The standard LU 4 and LU 7 sessions are then
established within the LU 6.2 session. Figure 10-1 on page 10-1 shows a
complete frame as it appears on the AS/400 system link.

Bring-down Operations

When an NWS is turned off or when its LU 4 and LU 7 sessions end, the AS/400
system ends the LU 6.2 connection to that device.

The controller session is ended when the 5494 is taken offline at the AS/400
system or when there are no active NWSs or PWSs.

Error Recovery Operations

Abnormal termination of an NWS LU 6.2 session results in an system reference
code (SRC) being displayed at the failing workstation. The AS/400 system is
responsible for attempting recovery of these sessions.

If the controller session abnormally terminates, the 5494 attempts to recover the
session. The number of retries and the delay between retries are selected during
configuration. The reason for the session failure is logged in the 5494 error log.

If all retry attempts fail, an SRC is displayed on all active NWS displays. If there
are active NWS sessions, they are immediately ended. However, all PWS sessions
are maintained.

Workstation Customization Support

The workstation customization support (WSC) feature enables you to customize
any NWS with keyboard translation tables (KTTs) and to customize ASCII printers
attached to InfoWindow™* II displays that support this feature. WSC also supports
font and code correction download to I<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>