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Group Band Network Port

Data Movement Software Structure

Figure 6.9-4A
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Group Band Network Port

Data Movement Software Structure

Figure 6.9-4B
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6.9.3.6.7 V-Bit Diagnostic Program (DIAG)

Since the memory on the V-Bit card is not parity-checked by hardware,
this module is executed periodically by the background diagnostic task as a
port-dependent diagnostic subroutine. It compares the "copy" of the V-Bit
program stored in the V-Bit card's memory with the "original" stored in the
Engine's memory.

Rev. 1 D814 System Software Manual Rev. 1
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6.10 Intelligent Datagram Port (I/DGP)

6.10.1 Overview

6.10.1.1 Introduction

Any even numbered port except 0 in the D814 network can be configured to
be an I/DGP port. In addition, each Control Terminal Port (I/CTP) will have
all the functions of the I/DGP. A1l references to I/DGP in this document are
also applicable to the portion of I/CTP that it is in common with.

The I/DGP subsystem consist of the following modules:

1. I/P0S (see Section 6.1)
2. User Interface (see PFS)
3. Message Manager

4, Statistic Gathering

5. Special I/0 Routines

6.10.1.2 Design Philosophy

The basic goal in the design of the I/DGP is to:

1. Have the user interface as flexible and simple to use as possible so
as to aid the unfamiliar without overburdening the sophisticated
users.

2. Provide powerful features, but taking the necessary measures to

avoid the datagram traffic from significantly impacting the net-
work's performance.

6.10.2 Message Manager

6.10.2.1 Introduction

The set of routines that make up the Message Manager can be divided func-
tionally into two parts:

1. Datagram Transmitter (see Section 6.10.2.5)
2. Datagram Receiver (see Section 6.10.2.6)

Datagrams in the D814 network are transmitted in addressed packets (see
Section 6.5), which can be up to 256 bytes of data and control information.
The I/DGP allows up to 15 addressed packets per datagram, and the actual
number and size of these addressed packets can be easily changed to optimize
network efficiency.

D814 System Software Manual
Section 6.10 - 1



CODEX CORPORATION COMPANY CONFIDENTIAL

The addressed packets (AP's) are sent from the source I/DGP to its main-
frame. From the source I/DGP's mainframe the AP's are then sent to the
destination mainframe. There all of the AP's that belong to a datagram are
first accounted for before any AP is retransmitted to the destination I/DGP.
6.10.2.2 Design Considerations

The major problems in the design of the I/DGP are:

1. Network congestion due to the high priority of addressed packet
traffic and the capability of the user in sending a datagram to many
destinations simultaneously.

2. Buffer under-run from generating too many addressed packets at once.

The problems are dealt with by:

1. Reducing the number of transmissions required.

2. Generate the addressed packets from a Tow priority task.

3. Limiting the replies to cases where the number of destinations is
small.

6.10.2.3 Datagram Format

The format of the addressed packet for datagrams follows the same format
as other addressed packets for the first seven (0 to 6) and last bytes.
Additionally, the following information is required:

1. Message number - To uniquely identify each datagram.

2. Sequence and numbering of each address packet in the datagram.

3. Indicator to show if reply is required.

4. Addresses of the I/DGP ports within the node that is to receive the
datagram.

Items 1, 2 and 3 are in each AP, and item 4 is only in the first AP.
Thus, for each datagram all AP have the first 10 bytes of identical informa-
tion, except for the sequence number. The last byte of each addressed packet
will carn¥ the error code, same as other addressed packets, if the error code
bit is '1l'.

D814 System Software Manual
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6.10.2.4
When

Acknowledgement Format

requested, the receiving I/DGP port will return an acknowledgement,

in the form of a short datagram, to the sending I/DGP. The information in
the acknowledgement is to include:

1.

6.10.2.5
This

6.10.2.6

This

Address of receiving port and node.
Address of sending port and node.
Message number.

Time that the datagram was received.

Datagram Transmitter
set of routines performs the following functions:
Collect data from the User Interface and time stamp the datagram.

Organize the destination addresses for possible grouping of them to
reduce the number of transmissions.

Set the acknowledgement flag, if required.

Generate the addressed packets and send each set of them at specific
time intervals, short enough to allow for reasonable response time
and long enough to avoid adversely impacting the mainframe's
resources.

List any expected acknowledgements for datagrams sent, if any, set

timer for those ack's to return. If not received within the time
allowed, then assume lost and queue a message to inform the user.
Datagram Receiver

set of routines performs the following functions:

Assemble received addressed packets into datagrams.

Time stamp the datagram.

Arrange the datagram into a format suitable to send to the user.

Return ack's if required.

D814 System Software Manual
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6.10.3
The

6.10.4
The
1.
2.
3.
4.

Error Messages

following is a list of possible error messages:

Node NN not in the network.

Port PP at node NN is not a Datagram or Control Terminal Port.
Message MMMM to node NN port PP lost.

No acknowledgement received for message MMMM to node NN port PP.
Receive Queue full at node NN.

Buffers full, cannot accept any message.

Invalid node address.

Invalid port address.

No destination entered.

No message entered.

Message too long, 512 characters maxihum.

Message aborted by user, return to output mode.

Idle at input mode too long, return to output mode.

Statistic Collection

following statistics are monitored:
Processor loading.

Buffer utilization.

Maximum buffer size.

Line hit (errors on 2651).

D814 System Software Manual
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6.10.5 Mainframe Interface

After the addressed packets are setup for transmission, they will be sent
to the mainframe one at a time. There will be two mainframe submodules to
handle these datagram AP's. One module to handle datagrams with specific
destination node address and the other to handle datagrams that are to be
sent to all nodes in the network, including one to the receiving datagram
module in the same node.

Since the specific port address information is contained in the first
addressed packet only, the submodule in the destination mainframe has to wait
for a complete set of addressed packets before transmitting them to its I/DGP
ports. This submodule is expected to return addressed packets in case of
transmission errors or missing addressed packets. A time interval will be
set, after the arrival of the first addressed packet, for the arrival of a
complete datagram; after which it is assumed that the remaining addressed.
packets are lost.

In the case of transmission to all I/DGP ports in a node, it is assumed
that the mainframe submodule that handles this task will determine where the
I/DGP ports are in its node.

D814 System Software Manual
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6.11 Intelligent Asynchronous Terminal Port Protocol Software

This subsystem has been deleted from D814 system software.
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6.12 Intelligent Synchronous Terminal Port Protocol Software

This subsystem has been deleted from D814 system software.

Rev. 2 D814 System Software Manual Rev. 2
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6.13 Intelligent Spoofed Synchronous Terminal Port Protocol Software
(BSC Version)

The Intelligent Spoofed Synchronous Terminal Port Protocol Module (2780/
3780 BSC Version) (I/SSTP-BSC, herein referred to as IS/BSC) is organized as
a set of submodules, each of which provides a related set of functions.
These functions include:

System Initialization
Communications Interrupt Handling
Network Spoofing Control

Inbound Protocol Handling

Outbound Protocol Handling

Call Manager Interface

Statistics and Exception Monitoring

NOYOoO T~ W
S e e e e

Descriptions of the submodules which perform these functions are found
throughout Sections 6.13.1 through 6.13.7.

Because spoofing utilizes protocol intervention to increase throughput,
several of the ISBSC modules have intelligence far beyond that of their
counterparts in non-spoofed ports. Data is not merely moved - it is verified
and generated as well.

The terminals involved in a BSC "conversation" each have a specific role:
one is sender of data (MASTER), the other receiver/acknowledger of data
(SLAVE). In order for spoofing to be exercised, it 1is necessary that the
spoofing controller be able to identify the role of its user and emulate the
functions of the opposing role. Additionally, since’ this determination is
not made until a conversation is begun, the controller must be capable of
temporarily suspending protocol intervention when desirable.

The specific tasks associated with each role are identified below:
Master SPOC
Spoofed Data Transmission -

* receives data from master

* checks BCC value, discarding message if incorrect

* generates and sends FACK's (false ACK's) to master for data correct-
ly received.

* NAK's incorrectly received blocks

* generates and sends WACK's to master when outstanding ACK's exceeds

calculated maximum
* sends RVI's and EOT's received from slave to master
* transmits data across the network

Rev. 2 D814 System Software Manual Rev. 2
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Normal Data Transmission -

* receives and transmits data in both directions across the network

* generates and sends WACK's to master when required to maintain
orderly transmission

Slave SPOC
Spoofed Data Transmission -

* receives and buffers data from the network
* transmits data to slave

* receives slave responses and transmits them across .the network
(excluding NAK's and WACK's)

* resends NAK'ed data

* generates and sends TTD's to slave when lacking data from master

* sends ENQ when 3-second timeout occurs
Normal Data Transmission -
* receives and transmits data in both directions across the network

* generates and sends TTD's to slave when required to maintain orderly
transmission

6.13.1 System Initialization (Submodule ISBSC$INIT)

The function of this submodule is to start IP common modules (i.e.,
ADCM$, CMM$, FIFO$, FLOW$) and to initialize the IS/BSC data structures. The
submodule is composed of three routines. The first routine is called by IP0OS
to begin initialization of the protocol tasks, the second is forked by the
first, and the third routine is a batch task with an entry in the Module Dis-
patch Table that is scheduled subsequently.

The first routine initializes all protocol state variables and data struc-
tures for statistics accumulation, and obtains buffers to be used as perman-
ent TCB's for all other IS/BSC submodules. In addition, it obtains the
Holding Buffers used by the 2651 interrupt routines as temporary storage of
data to be sent or data that has been received, and forks the second routine
(ISBSC$INIT:REQ) before returning to IPOS.

ISBSC$INIT:REQ builds a configuration-request addressed packet and routes
it to the mainframe MCM$CMEM module (see Section 5.7). The return of an
addressed packet containing the -requested information causes scheduling of
the third routine (ISBSC$INIT:CONF), that which initializes the remaining
data structures and completes the initialization process for the IS/BSC.

Rev. 2 D814 System Software Manual _ Rev. 2
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Entry Point - ISBSC$INIT:ENTRY
Function

Initialize IS/BSC data structures, start IP common modules, and obtain
2651 Holding Buffers.

Entry Conditions

* None

Exit Conditions

A1l registers destroyed

Entry Point - ISBSC$INIT:REQ
Function

Build a configuration-request packet

Entry Conditions

* Forked

Exit Conditions

* Terminates
Entry Point - ISBSC$INIT:CONF
Function

Complete IS/BSC data structure initialization based on the information
contained in returned configuration-request packet.

Entry Conditions

* Batch Task

Exit Conditions

* Terminates

6.13.2 Communications Interrupt Handling (Submodule ISBSC$COMM)

This submodule is invoked by IPOS to service any interrupt requests from
the 2651 Communications Interface Chip and the Auxiliary Control Signal
Register. ISBSC$COMM:IRQ scans the contents of the ACS Status Register to
identify the requestor, and routes the IRQ to the appropriate IRQ processor.

Rev. 2 D814 System Software Manual Rev. 2
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Interrupts from the 2651 are of three types: Receiver Ready, Transmitter
Ready, and Data Set Change. ACS interrupts are modem signal changes, hence
are handled in the same way as 2651 Data Set Changes.

Entry Point - ISBSC$COMM:IRQ

Function

Dispatch 2651 and ACS IRQ's to the appropriate interrupt processing rou-
tine.

Entry Conditions

*  ACS or 2651 IRQ

Exit Conditions

* Terminates

Receiver Ready (IRQ) Routine (RECEIVE)

This routine performs processing necessitated by a 2651 Receiver Ready
interrupt. It has 6 basic functions to perform:

1) Move data from the 2651 to the Receive Holding Buffer, encoding when
necessary (see Section 6.13.2.1).

2) Detect and record parity and BCC errors by means of the 2653 Poly-

- nomial Generator/Checker

3) Update spoofing controller variables

4; Discard blocks received in error
Fork spoofing controller modules

6) Fork IBP module

After processing a data byte, the routine returns control to
ISBSC$COMM: IRQ which checks for other pending interrupts.

Transmitter Ready (IRQ) Routine (TRANSMIT)

This routine responds to 2651 transmitter ready IRQ's. It has 5 basic
functions:

1) Move data from the Transmit Buffer to the 2651
2) Decode data and modem control signals (see Section 6.13.2.1)
3) Insert between-block syn and idle characters
4)  Process modem signals received from the network.
5) Verify data accuracy by means of the 2653
Rev. 2 D814 System Software Manual Rev. 2
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After processing a data byte, control is returned to ISBSC$COMM:IRQ which
checks for other pending interrupts.

Note: Modem signal changes are processed by setting the appropriate bits
in the Auxiliary Control Signal Register and the 2651 Command Register. The
2651 Command Register is detailed in the Signetics 2651 PCI document. Infor-
mation concerning the ACSR structure and use is found in the Hardware System
Spec. It is useful to note that the only bits of the ACSR which are utilized
in the IS/BSC (other than IRQ) are BUSY (ACS_IN), CTS and RNG (ACS_OUT). CTS
is used only when Clear to Send Delay is activated. '

Data Set Change (IRQ) Routine (ISBSC$COMM:DSC)

This routine is responsible for handling Data Set (Modem) changes. It is
initiated by the occurrence of a data set change interrupt from the 2651 or
ACSR. The data set signals that can cause this interrupt (at the local 2651
or ACSR) are:

1) DCD - data carrier detect
2) DSR - data set ready
3) RI - ring in

When this routine is entered, the 2651's Status register and the ACSR are
read. The above mentioned signals are formed into a Modem Cntl. Signal byte

and the byte is encoded as described in Section 6.13.2.1. The encoded data
is placed in the Receive Holding Buffer and the routine exits. If Clear-to-
Send Delay is activated, the routine to generate this signal is delay-forked.

6.13.2.1 Data Encoding/Decoding

Data encoding is performed as follows:

Data (D) ==> (D)| if 0 < (D) < X'FF'
(X'FF',X'81')| if (D) = 0
(X'FF',X'FF')| if (D) = X'FF"
Modem Signals(S) ==> (X'FF',S)| if (S) > 0
(X'FF',X'80')| if (S) = 0
Call signals ==> (X'FF',X'82')| Request Call Termination

Note: S<X'OF' (i.e., high order nibble must be zero)

Data decoding is the inverse of the encoding procedure, except that Call
Signals are not decoded. The Call Signals described above are special
signals used by the CMM Interface to terminate a call.

Rev. 2 D814 System Software Manual Rev. 2
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6.13.3 Network Spoofing Control (Submodule ISBSC$SPOC)

This submodule controls the movement of data between the Transmit Holding
Buffer and the Transmit Buffer, and the generation of all spoofed messages.
Additionally, it handles the discarding of previous outbound blocks and
enabling of the 2651 transmitter.

The submodule is composed of 3 routines:
ISBSC$SPOC: IMMED

ISBSC$SPOC : DELAYED
ISBSC$SPOC:NEGATIVE

Entry Point
ISBSC$SPOC: IMMED
Function

Generate positive spoofed responses (ACK's) or transfer actual data to
the transmit buffer.

Entry Conditions

* Forked

Exit Conditions

* Terminates
Entry Point
ISBSC$SPOC:DELAYED
Function

Generate WACK's, TTD's or ENQ's, depending on the value of
OF$IP$TCB:XSAVE3, and spoof EOT when TTD or ENQ limits are exceeded.

Entry Conditions

* Forked
* OFSIP$TCB:XSAVE3 = flag indicating desired message

Exit Conditions

* Terminates

Rev. 2 D814 System Software Manual Rev. 2
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Entry Point
ISBSC$SPOC: NEGATIVE

Function

Generate NAK or ENQ outbound messages based on the value of
OF$ISBSC:PORT_STAT. :

Entry Conditions

* Forked

Exit Conditions

* Terminates

* 6.13.4 Inbound Protocol Handling (Submodule ISBSC$IBP)

This protocol routine is forked by the Receiver Ready (IRQ) routine when
data has been moved to the Receive Buffer.

As long as a call is in progress, the contents of the Receive Buffer are
sent to the Adaptive Data Compression Encoder where they are encoded and

stored in the Inbound Data Buffer. If no call is in progress all data,
excluding Data Set Change Signals, are ignored; these may be used to initiate

a call.
Entry Point.
ISBSC$IBP:GETCHAR

Entry Conditions

* Forked

Exit Conditions

* Terminates

6.13.5 OQutbound Protocol Handling (ISBSC$0BP)

This protocol routine is forked by the PRE-ARQ/BIC Receiver or the Spoof-
ing Controller when data is to be moved to the Transmit Holding Buffer. When
no bytes are available, it sets a flag (ARQ fork flag) indicating to the
PRE-ARQ/BIC Receiver to fork this routine when new data is placed in the Out-
bound Data Buffer.

Rev. 2 D814 System Software Manual Rev. 2
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The submodule 1) moves bytes to the Transmit Holding Buffer, 2) inserts
Internal Signals (IS's) when spoofing to cause the 2653 to do BCC checking,
3) updates the ACT count, discarding ACK blocks when spoofing, and 4) flags
the Spoofing Controller module when data is ready for movement to the Trans-
mit Buffer. : ‘

The routine terminates without setting the fork flag when a complete BSC
data block is in the Transmit Holding Buffer.

Entrx Point
I1SBSC$OBP :ENTRY

Entry Conditions

* Forked

Exit Conditions

* Terminates

6.13.6 Call Manager Interface (ISBSC$CMI)

This submodule is responsible for handling communications between the
protocol modules and the Call Manager. It has 3 entry points:

ISBSC$CMI :ENTRY
ISBSC$CMI : SEND_CRECALL
ISBSC$CMI : SEND_HANGUP

and performs 5 distinct tasks:

) Call End Processing (CMM --> Protocol)
) Call Request Processing (CMM -=> Protocolg
) Call Created Processing (CMM --> Protocol

)  Hangup Request (Protocol --> CMM)
) Create Call Request (Protocol --> CMM)

g WN =

Entry Point - ISBSC$CMI:ENTRY
Function
Dequeue an addressed packet from the Call Manager, activate the appro-

priate routine to process it by identifying the command code contained in
the addressed packet message field.

Rev., 2 D814 System Software Manual Rev. 2
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Entry Conditions

* None

Exit Conditions

* A1l registers destroyed

Call End Processing

This routine is invoked by ISBSC$CMI:ENTRY upon receipt of a call end AP
from the Call Manager. It initiates reinitialization of IP common routines,
and sends a create call AP to the Call Manager when a new call is indicated.

Call Request Processing

‘This routine is invoked by ISBSC$CMI:ENTRY when a "Call Request" AP is
received from the Call Manager. It is responsible for rejecting calls when
the port is already busy or there is no answer, for raising "RING" 1-5 times
when the terminal DSR is down, and for sending "Call Accepted" AP's to the
Call Manager.

Call Created Processing

This routine 1is invoked by ISBSC$CMI:ENTRY upon receipt of a "“Call
Created" AP from the Call Manager. The routine enables the BIC IB and OB
FIFO's and the 2651 receiver so the newly active call can proceed with data

‘transmission.
Entry Point - ISBSC$CMI:SEND_HANGUP
Function
This routine is called by the Spoofing Controller or the Call Manager

Interface. Its function is to construct and route to the Call Manager an
hangup addressed packet.

Entry Conditions

* None

Exit Conditions

* A-Reg destroyed
* X-Reg destroyed

Entry Point - ISBSC$CMI:SEND_CRECALL

Rev. 2 D814 System Software Manual Rev. 2
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Function

This routine is called by the Protocol modules or the Call Manager Inter-
face. It handles the construction and routing of a create call addressed
packet to the Call Manager.

"Entry Conditions

* None

Exit Conditions

* A-Reg destroyed
* X-Reg destroyed

6.13.7 Statistics and Monitoring (Submodule ISBSC$STAT)

This submodule 1is responsible for monitoring the performance of the
ISBSC, reporting error and exception conditions to the network report port,
and responding to requests for port statistics. It has three external entry
points:

1.  ISBSC$STAT:COLLECT_STATS
2.  ISBSC$STAg:STAT
3.  ISBSC$STAT:MONITOR

Entry Point —.ISBSC$STAT:COLLECI_STATS
Function

Collects instantaneous values for processor loading, encoder nibbles in,
encoder nibbles out, number of buffers in use, number of characters
received from the 2651, number of blocks received from the 2651, number
of blocks received in error, and current character error count. Forks
the monitoring routine (ISBSC$STAT:MONITOR). (This routine is initiated
by IPOS every 6 seconds.)

Entry Conditions

* None

Exit Conditions

* A1l registers destroyed

Entry Point - ISBSC$STAT:MONITOR

Rev. 2 D814 System Software Manual . Rev. 2
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Function

Updates the weighted-average value for each statistic using the current
instantaneous value. Calculates instantaneous processor load, buffer
utilization, compression efficiency, character error rate and block error
rate, comparing percentages to threshold values and reporting exceptions
to Network Report Port.

Entry Conditions

* None -

Exit Conditions

* None
Entry Point - ISBSC$STAT:STAT
Function

Creates and sends a statistics addressed packet in response to statistics
request from the CTP. Statistics included:

1. Processing Loading - As calculated by IPOS (see Section 6.1.10).

2. Buffer Utilization - The ratio of the number of buffers currently in
use to the total number of buffers in the free buffer pool, times
100%. '

3. Compression Efficiency - the ratio of the total number of bits
(including parity bit) from the terminal to the number of bits
resulting from code compression, times 100%.

4, Character Error rate - the ratio of the number of characters with
bad parity received from the terminal to the total number of charac-
ters received, times 100%.

5. Statistical Loading - the ratio of the number of characters from the
terminal to the maximum number of characters which the terminal
could have sent in the elapsed time, times 100%.

6. Compressed Loading - The ratio of the number of bits resulting from
code compression to the maximum number of bits (including parity
bit) the terminal could have sent in the elapsed time, times 100%.

7. Block Error Rate - The ratio of the number of blocks received with
either parity or BCC errors from the terminal to the total number of
blocks received, times 100%.

Rev. 2 D814 System Software Manual Rev. 2
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Entry Conditions

* None

Exit Conditions

* None

At this point it seems desirable to deviate from the module functional
specifications in order to illustrate IS/BSC data flow and the interaction of
IS/BSC submodules and IP Common routines.

In transmitting data from a local to a remote terminal port, a number of
data and hardware structures are used to temporarily hold data. These
transfers of data allow IS/BSC modules to determine the type of processing
required and to perform the necessary and/or desirable protocol functions
(i.e., sync filling, data compression, etc.).

Rev. 2 D814 System Software Manual Rev. 2
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The following diagrams indicate the structures used (by name only) and
the direction of data flow in the IS/BSC.

INBOUND DATA MOVEMENT

l 2651 I |Rece1ve \ ‘Receive 1 ‘Inbound I i BIC

‘Receiver -->|Holding |-->|Buffer |-->| Data |_--->|IBFIF0 |-->| 6000
Buffer Buffer | | A
||
I
Vv

| —ARQ BUFFERS |

2651 Transmit Transmit Outbound BIC
Trans- |<--| Buffer |<--|Holding |<--| Data |<----|OBFIFO |<--| 6000
mitter Buffer Buffer

OUTBOUND DATA MOVEMENT

(Data in the Receive and Transmit Holding Buffers may never go any fur-
ther, but may be discarded - e.g., inbound error blocks, outbound ACK's;
during spoofing.)

The following diagrams graphically illustrate combined logic and data
flow in the ISBSC. Separate diagrams are given for spoofed and non-spoofed
operation to emphasize the difference in transfer of control to SPOC. Note
that even when not spoofing, the Spoofing Controller 1is active in data
movement .
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INBOUND OUTBOUND
Structures ISBSC Routines Structures
IRQ IRQ'

P em———— -> FORK _ S :
sirroooioe>|_ COMM |----- > | _FIFO RCV _|<::::z:izzz:

: | FSTFRK JSR|
: S Vv V
| RAOLD | <:::: | _FLOW RECV |
: ’ P :
FSTFRK
v 0
|__RBUF | :rroriid>|_ OBDBUFF |
: C :
Vv Vv
siisiiises>| IBP : A | OBP |
: - : A
: | JSR o : JSR :
vy o : v
|_ENCODE | - | _DECODE EEEEEREEEE
IR 5 RO 3435 et ba g v
;::::::::>| FIFO XMT| ;::::::::::::::::::::::::>| XBUF |
A :
| « | JSR
IRQ | : _
|_BIC IBFIFOQ|----- ! |____COMM EERRREREE
A
| IRQ
trrzoooe: [FOOW XMIT | srriziiied>|__2651 XMIR |
:i:: ==> DATA FLOW
—— =-> LOGIC FLOW ’

ISBSC - Spoofed Operation

Note: This diagram ignores all structures and routines associated with
ARQ/FLOW control except those which directly interface with ISBSC routines.
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INBOUND ' OUTBOUND
Structures ISBSC Routines Structures
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Note: This diagram ignores all structures and routines associated with
ARQ/FLOW control except those which directly interface with ISBSC routines.
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6.14 Intelligent Spoofed Synchronous Terminal Port Protocol Software
(HASP Version)

The Intelligent Spoofed Synchronous Terminal Port Protocol Module (HASP
version) (I/SSTP-HASP, herein referred to as IS/HSP) is organized as a set of
submodules, each of which provides a related set of functions. These func-
tions include: '

System Initialization
Communications Interrupt Handling
Network Spoofing Control

Call Manager Interface

Statistics and Exception Monitoring

AP wmn -
— — e

Descriptions of the submodules which performvthese functions are found
throughout Sections 6.14.1 through 6.14.5.

6.14.1 System Initialization (Submodule ISHSP$INIT)

The function of this submodule 1is to start IP common modules (i.e.,
ADCM$, CMM$, FIFO$, FLOWS) and to initialize the IS/HSP data structures. The
submodule is composed of three routines. The first routine is called by IPOS
to begin initialization of the protocol tasks, the second is forked by the
first, and the third routine is a batch task with an entry in the Module
Dispatch Table that is scheduled subsequently.

The first routine initializes all protocol state variables and data struc-
tures for statistics accumulation, and obtains buffers to be used as perman-
ent TCB's for all other IS/HSP submodules. In addition, it obtains the Spoof-
ing Buffer and Holding Buffers used by the 2651 interrupt routines as tempor-
ary storage of data to be sent or data that has been received, and forks the
second routine (ISHSP$INIT:REQ) before returning to IPOS.

ISHSP$INIT:REQ builds a configuration-request addressed packet and routes
it to the mainframe MCM$CMEM module (see Section 5.7). The return of an
addressed packet containing the requested information causes scheduling of
the third routine (ISHSP$INIT:CONF), that which initializes the remaining
data structures and completes and the initialization process for the IS/HSP.
Included in this initialization stage is the calculation of the maximum num-
ber of outstanding blocks permitted.

Of particular importance to IS/HSP is the correspondence of FCS bits to
RCB's, information of which is received from CMEM at this time.

Entry Point - ISHSPSINIT:ENTRY
Function
Initialize IS/HSP data structures, start IP common modules, and obtain

2651 Holding Buffers and Spoofing Buffer.
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Entry Conditions

* None

~Exit Conditions

* A1l registers destroyed

Entry Point - ISHSP$INIT:REQ
Function |

Build a configuration-request packet

Entry Conditions

* None

Exit Conditions

* None
Entry Point - ISHSP$INIT:CONF
’Function

Complete IS/HSP data structure initialization based on the information
contained in returned configuration-request packet.

Entry Conditions

* None

Exit Conditions

* None

6.14.2 Communications Interrupt Handling (Submodule ISHSP$COMM)

This submodule is responsiblé for handling interrupts caused by the 2651
communications circuit. Interrupt types include:

1) Receiver Ready
2) Transmitter Ready
3) Data Set (MODEM) Change

Whenever a 2651 dinterrupt 1is received, it 1is routed to a routine
(ISHSP$COMM:IRQ) which determines what type of interrupt has occurred and
dispatches it to the appropriate interrupt processor.
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Entry Point - ISHSP$COMM:IRQ
Function
Dispatch 2651 IRQ's to their corresponding interrupt routines.

Receiver Ready (IRQ) Routine (ISHSP$COMM:RCV)

This routine is utilized to handle the 2651's receiver section, being
initiated by the occurrence of a receiver ready interrupt. It performs 3
functions:

1) Moves data from the 2651 to the Receive Holding Buffer.

2) Performs data encoding (as detailed in Section 6.14.2.1).

3) Detects and records line errors.

The routine only relinquishes control when a data set change occurs or
when no more data is available.

Transmitter Ready (IRQ) Routine (ISHSP$COMM:XMT)

This routine is utilized to handle the 2651's transmitter section, being
initiated by the occurrence of a transmitter ready interrupt. It has 4
basic functions to perform:

1) Move data from the Transmit Holding Buffer to the 2651.

2) Decode data and modem control signals (as detailed in Section
6.14.2.1).

3) Line fill (either syn or pad characters) when unable to transmit
data.

4) Process modem signal changes received from the network.

The routine only relinquishes control when a data set change occurs or
when no data remains in the Transmit Holding Buffer.

Note: Modem signal changes are processed by setting the appropriate bits
in the Auxiliary Control Signal Register and the 2651 Command Register.
The 2651 Command Register is detailed in the Signetics 2651 PCI document.
Information concerning the ACSR structure and use is found in the Hard-
ware System Specification. It is useful to note that the only bits of
the ACSR which are utilized in the IS/HSP (other than IRQ) are BUSY
(ACS_IN), CTS and RNG (ACS_OUT). CTS is used only when Clear to Send
Delay is activated.
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Data Set Change (IRQ) Routine (ISHSP$COMM:DSC)

This routine is responsible for handling Data Set (Modem) changes. It is
initiated by the occurrence of a data set change interrupt from the 2651
or ACSR. The data set signals that can cause this interrupt (at the
local 2651 or ACSR) are:

1) DCD - data carrier detect
2) DSR - data set ready
3) RI - ring in

When this routine is entered, the 2651's Status Register and the ACSR are
read. The above mentioned signals are formed into a Modem Cntl. Signal
byte and the byte is encoded as described in Section 6.14.2.1. The
encoded data is placed in the Receive Holding Buffer and the routine
exits. -However, if the buffer is full, the routine retries until success-
ful.

6.14.2.1 Data Encoding/Decoding

Data encoding is performed as follows:

Data (D) ==> (D)| if 0 < (D) < X'FF'
(X'FF',X'81')| if (D) = 0
(X'FF',X'FF')| if (D) = X'FF"
Modem Signals(S) ==> (X'FF',S)| if (S) > 0
(X'FF',X'80"')| if (S) =0
Call signals ==> (X'FF',X'82')| Request Call Termination
(X'FF',X'83"')| Call Termination Granted

Note: SKX'7F' (i.e., high order bit must be zero)
Data decoding is the inverse of the encoding procedure, except that Call

Signals are not decoded. The Call Signals described above are spec1a]
signals used by the CMM Interface to terminate a call.

6.14.3 Network Spoofing Control (Submodule ISHSP$SPOC)

This submodule is responsible for handling the protocol operations
required in a HASP spoofing environment as detailed in the D814 Product Func-
tional Specification, Appendix F. In short, the Spoofing Controller regu-
lates the flow of data so that communications appear to proceed as in a
non-spoofed HASP network, sometimes by generating responses like those of the
remote CPU (i.e., ACKO, WAB) in the absence of real outbound data.
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The controller is physically divided into Inbound and Outbound Protocol
Processors which are described in the following subsections. Familiarity
with multileaved data block structure is assumed throughout.

Note: The structure of a typical HASP transmission block can be found in
Appendix F of the D814 Functional Specification.

Protocol In Processor

This protocol routine is forked by the Receiver Ready (IRQ) routine when
data has been placed in the Receive Holding Buffer. The functions per-
formed by this routine include:

1) BCB verification

2) FCS monitoring and reflective updating of metering indicators

3) BCC calculation and verification

4) Appending of "abort" ICS's to incorrectly received data blocks

5) Appending of "in response to data" flags to data blocks (when
applicable)

6) Timing for, and generation of, ACKO's and WAB's in the absence of
outbound data to maintain synchronization ‘

7) Updating of outstanding block count

If a call is in progress, the data in the Receive Holding Buffer is given
to the Adaptive Data Compression Encoder after appropriate processing;
otherwise, all data is ignored until a call is established. In either

case, recognition of changes in the terminal's DSR signal are transmitted
to the Call Manager for processing.

Entry Point - ISHSP$SPOC:IBP

Entry Conditions

* None

Exit Conditions

* None
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Protocol Out Processor

This protocol routine is forked by the Transmitter Ready (IRQ) routine,
the pre-ARQ/BIC Receiver, or the Call Manager when data is to be moved to
the Transmit Holding Buffer. Its responsibilities include:

1) Comparison of RCB's to metering indicators, performing metering off
when appropriate

2) Calculation of new BCC's for data blocks which have had records
metered off

3) Resetting of BCB's when metering on

4) Formulation of metered data into normal transmission blocks
5) Retransmittal of NAKed data blocks

6) Error recovery

7) Updating of outstanding block count

8) Regulation of data block transmittal (i.e., one response received
===)> one block transmitted)

9) Generation of remote modem control signals (in particular RTS and
CTs).

The routine calls the Adaptive Data Compression Decoder in order to
obtain data bytes from the OB Data Buffer. When a "request call termination”
or "call terminate" signal is received (see Section 6.14.2.1), the signal is
passed to the Call Manager for processing and is not placed in the Holding
Buffer. When no bytes are available, it sets a flag (ARQ Fork flag) indicat-
ing to the Pre-ARQ/BIC Receiver to fork this routine when data becomes avail-
able, and it resets a flag (Transmitter Fork flag) indicating to the Trans-
mitter Ready (IRQ) routine not to fork this routine when the Xmit holding
buffer falls below half full. '

As bytes are transferred to the Transmit Holding Buffer, if the communi-
cations transmitter is not running it is started by enabling the 2651 trans-
mitter. This causes a transmitter ready IRQ, which causes the Transmitter
Ready (IRQ) routine to start sending the data contained in the Holding Buf-
fer. When the Transmit Buffer fills, the routine sets the Transmitter Fork
flag and terminates. '

Entry Point - ISHSP$SPOC:0BP

Entry Conditions

* None
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Exit Conditions

* None

6.14.4 Call Manager Interface (ISHSP$CMI)

This submodule is responsible for handling communications between the
Protocol modules and the Call Manager. It has one external entry point
(ISHSP$CMI:ENTRY), and performs 5 distinct tasks:

1) Call End Processing (CMM --> Protocol)
2) Call Request Processing (CMM --> Protocol)
3) Call Created Processing (CMM --> Protocol)
4)  Hangup Request (Protocol --> CMM)
5) Create Call Request (Protocol --> CMM)

The routines to process the first three are activated by ISHSP$CMI:ENTRY
upon receipt of an addressed packet from the Call Manager. The latter two
are subroutines used by the Spoofing Controller and the other CMI routines,
and are invoked by a JSR.

Entry Point - ISHSP$CMI:ENTRY

Function

Dequeue an addressed packet from the Call Manager, activate the appro-
priate routine to process it by identifying the command code contained in
the addressed packet message field.

Entry Conditions

* None

Exit Conditions

* A1l registers destroyed

Call End Processing (ISHSP$CMI:CALLEND)

This routine is invoked by receipt of a call end AP from the Call Mana-
ger. It dinitiates reinitialization of IP common routines, and sends a
create call AP to the Call Manager when a new call is indicated.

D814 System Software Manual
Section 6.14 - 7



CODEX CORPORATION COMPANY CONFIDENTIAL

Call Request Processing (ISHSP$CMI:CALLCRE)

This routine is invoked by the receipt of a call request AP from the Call
Manager. It 1is responsible for setting an error flag when the port is

already busy or when the call has been improperly routed, and sends a
call accepted AP to Call Manager.

Call Created Processing (ISHSP$CMI:CALLCRE)

This routine is invoked by the receipt of a call created addressed packet
from the Call Manager. It enables the 2651 receiver and BIC Inbound and
Outbound FIFO's so a call can be established.

Hangup Request (ISHSP$CMI:SEND_HANGUP)

This routine is called by the Spoofing Controller or the Call Manager
Interface. Its function is to construct and route to the Call Manager an
hangup address packet.

Create Call Request (ISHSP$CMI : SEND_CRECALL)

This routine is called by the Protocol modules or the Call Manager Inter-
face. It handles the construction and routing of a create call addressed
packet to the Call Manager.

B St ittt Pt - - 1

At this point it seems desirable to take an aside from module functional
specifications in order to illustrate IS/HSP data flow and the interaction of
IS/HSP submodules and IP Common routines.

In transmitting data from a local to a remote terminal port, a number of
data and hardware structures are used to temporarily hold data. These
transfers of data allow IS/HSP modules to determine the type of processing
required and to perform the necessary and/or desirable protocol functions
(i.e., sync filling, data compression, etc.).

The following diagrams indicate the structures used (by name only) and
the direction of data flow in the IS/HSP.
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INBOUND DATA MOVEMENT

R
2651 -=> | OF$ISHSP: | --> DATA --> BIC --> | 6000
RECEIVER RRING BUFFER IBFIFO
OUTBOUND DATA MOVEMENT
OF$ISHSP: | |
2651 <-= | XRING | <=- | OB | <== | BIC | <=-- | 6000
TRANSMITTER A DATA OBFIFO
<-- | BUFFER ‘
SPOOFING
| BUFFER

In this schemata, data is concurrently moved from the OB Data Buffer into
the Spoofing Buffer and XRING. The Spoofing Buffer saves a copy of an entire
block transmitted; the 0B Data Buffer is ready to accept a new block. Data
transfer from the Spoofing Buffer to XRING occurs only when a NAK response is
encountered, indicating that the block previously transmitted was not correct-
ly received, hence requires retransmittal.

(In pursuit of optimization, direct data transfer between the OB Data
Buffer and XRING may be eliminated. All data to XRING may be required to
first pass through the Spoofing Buffer.)

In order to gain a full understanding of how the IS/HSP submodules inter-
act to accomplish their task, it is helpful to study the diagrams in Section
6.12 which briefly trace the path of data and logic through the I/STP. The
only difference in program control flow for the IS/HSP is that SPOC replaces
both IBP and OBP of I/STP.
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6.14.5 Statistics and Monitoring (ISHSP$STAT)

This routine is responsible for monitoring the performance of the IS/HSP
and reporting the information as a system alarm to the network Report Port.
In addition, any system module can request current information from this
module.

The individual modules in the IS/HSP are responsible for updating monitor-
ing information as follows:

1) Receiver Ready Interrupt Routine

a) Number of characters received
b)  Number of errors that occurred
c) Number of characters after encoding

2) Adaptive Data Compression Encoder

a) Number of nibbles encoded
b)  Number of resulting nibbles

The statistics routine is started by IP initialization and runs every 6
seconds. Each time it executes, it calculates the following statistics:

1) Compression Efficiency - The ratio of the total number of bits
(including parity bit) from the terminal to the number of bits
resulting from code compression times 100%.

2) Character Error Rate - The ratio of the number of characters with
bad parity received from the terminal to the total number of char-
acters received, times 100%.

3) Buffer Utilization - The ratio of the number of buffers currently in
use to the total number of buffers in the free buffer pool, times
100%.

4)  Processor Loading - As calculated by IPOS (see Section 6.1.10).

The results of these calculations are compared to their respective thresh-
olds, which are obtained from the mainframe during initialization. If any
threshold has been exceeded, an alarm packet is constructed and sent to the
network Report Port.

If a packet is received from a system module requesting statistics, an
addressed packet containing the above information, as well as:

1) Statistic Loading - The ratio of the number of characters from the
terminal to the maximum number of characters which the terminal
could have sent in the elapsed time, times 100%.
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2) Compressed Loading - The ratio of the number of bits resulting from
code compression to the maximum number of bits (including parity
bit) the terminal could have sent in the elapsed time, times 100%.

3) Memory Utilization - The ratio of the size of the port software
(including page zero and system areas) to the total memory size of
the physical port on which the software is running, times 100%.

is constructed and returned to the requesting module.

Entry Point - ISHSP$STAT:MONITOR
Function

Calculate statistics and send exception report addressed packets to the-
network Report Port.

Entry Conditions:

* None

Exit Conditions:

* None
Entry Point - ISHSP$STAT:AP
Function

Calculate statistics and send a statistics addressed packet to the
requesting module.

Entry Conditions:

* None

Exit Conditions:

* None
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6.15 Intelligent Bit-Oriented-Protocol Terminal Port (I/BOP) Protocol Module

6.15.1 Introduction

An I/BOP is an intelligent terminal port designed to interface HDLC (High
Level Data Link Control) type protocols so that two DTE's supporting such pro-
tocols can communicate through the D814 network.

The I/BOP requires a communications section based on a Motorola MC6854
ADLC chip and ACS (Auxiliary Control Signal) register.

Running under the 6800 IP Operating System (IP0OS, Section 6.1), the
1/BOP-specific module that is described here is divided into the following
submodules:

Initialization

Communications Control Processing
Protocol Handling

Call Manager Interfacing
Statistics and Monitoring

W -
— e

g

6.15.2 Functional Submodule Description

In this section, the functions of an I/BOP are described as belonging to
5 submodules as follows.

6.15.2.1 Initialization Submodule (IBOP$INIT:)

The function of this submodule is to make the I/BOP ready for a user.
L

Called by IPOS during the port initialization time, IBOP§INIT:START
initializes common single-threaded I/TP modules, and allocates storage blocks
for I/BOP data structures and initializes them. Finally, it forks
IBOP$INIT:SETUP and terminates. IBOP$INIT:SETUP then, started by the IPOS
scheduler, sends an Addressed Packet to MCM$CMEM of the Mainframe Configura-
tion Control Module (see Section 5.7) to request for configuration parameters
which are eventually received by IBOP$INIT:CONF (module number EQ$IP$MDT:IPP_
INIT) for the port configuration. When the port is configured accordingly,
the port initialization is complete. Then, a call is set up if a leased line
is in effect.

After a table of configuration parameters has been built by this sub-
module, it is used by IPCC$XMTRCV of the IP Configuration Control Module (see
Section 6.2) for configuration reads or reconfigurations.

The configurable parameters for an I/BOP are specified in the Section
3.2.7 of the D814 Product Functional Specification.
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6.15.2.2 Communications Control Submodule (IBOP$COMM:)

This submodule has the complete control over the communications section
of the I/BOP. It processes interrupts from the local communications section,
and detects Circuit Control Signals (CCS's) received from the remote port to
reflect the signaled conditions at the local communications section.

In order to exchange virtual circuit control information with the remote
port, an internal encoding/decoding scheme is used as follows.

Data (D) ==> (D) | if 0 < (D) < X'FF'
(X'FF', x'81') | if (D) = 0
(X'FF*, X'FF') | if (D) = X'FF'

Frame CCS ==> (X'FF', X'84') | good frame (good FCS)
(X'FF', X'85"') | bad frame (bad FCS)
(X'FF', X'86') | aborted frame
(X'FF', X'87') | mark idle

Modem CCS (S) ==> (X'FF*, S) | if (S)> 0
(X'FF', X'80') | if (S)' =0
)

Call Termination CCS ==> (X'FF', X'83') | call termination
Note: S<X'7F' (i.e., high order bit must be zero)
A1l the interrupts are entered at IBOP$COMM:IRQ by the IPOS.
Entry Point - IBOP$COMM: IRQ | |
~ After determining the cause of the interrupt, this routine calls one of

the following three routines whose functions are described in the subsequent
subsections.

1) Transmitter Controller

2) Receiver Controller

3) Modem Signal Change Handler
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1)

2)

Rev. 3

Transmitter Controller (IBOP$COMM:XMT)

This routine 1is called by IBOP$COMM:IRQ when the interrupt was
originated from the 6854 transmitter.

Data bytes are retrieved from a transmit frame byte queue (see Sec-
tion 7.1 for byte queue description) only if it contains a complete
frame. Therefore, a transmitter underrun is prevented. However, it
will result in a delay of one frame.

If the data from a transmit frame byte queue is user data, it is
transmitted and then the routine returns. If it is a frame CCS, the
MC6854 is instructed to send either a closing or abort flag as appro-
priate. If it is a modem CCS, the appropriate change is made to the
communications section. After the control function has been per-
formed, the transmit frame byte queue is deleted and the routine
goes back to its beginning to process another data from the next
transmit frame byte queue. If there is no such a transmit frame
byte queue completely assembled yet, the 6854 transmitter is dis-
abled.

The modem signal changes made by this routine are the opposite (RS
232-C protocol wise) to those sensed at the remote port. The fol-
lowing relationship exists between the signals sensed at the remote
port and those changed at the local port:

Data Set Ready (DSR) {-=-==> Data Terminal Ready (DTR)
Data Carrier Detect (DCD) <----> Request to Send (RTS)
Make Busy (MB) {==-==> Ring In (RI)

If CTS went down, the 6854 transmitter is reset and the active trans-
mit frame byte queue is reset so that the frame can be retransmitted
when CTS comes up.

Receiver Controller (IBOP$COMM:RCV)

Called by IBOP$COMM:IRQ when the interrupt was originated from the
receiver, this routine first checks the cause of the interrupt.

If it is a Receiver Data Available interrupt, a byte from the 6854
receiver is passed to IP$FLOWSPXMT routine. If the interrupt is due
to an end of a frame, an appropriate frame CCS is passed.

If a mark idle condition is detected in the input stream, it is
translated into the corresponding frame CCS to reflect this condi-
tion at the remote port.
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3) Modem Signal Change Handler (IBOP$COMM:MODEM)

There are four modem signals whose changes cause the transfer of
control to this routine:

1. Data Set Ready (DSR)

2. Data Carrier Detect (DCD)
3. Make Busy (MB)

4. Clear To Send (CTS)

If the interrupt is due to any changes in the first three signals,
the Protocol Inbound routine (IBOP$PROT:INB) is called.

If CTS came up, the 6854 transmitter is enabled as long as there is
a complete transmit frame byte queue to transmit.

If DCD came up, the SPARE_CTS is raised after configured CTS-de]ay
time period. If DCD went down, it is dropped.

6.15.2.3 Protocol Handler Submodule (IBOP$PROT:)

This submodule is responsible for moving data between the Communications
Control Submodule and the ARQ/Flow control (IP$FLOW$) Module. Additionally,
it calls the Call Manager Interface Submodule in order to establish or term-
inate a call.

The actions performed by this submodule depend on the call state which
may be one of the following:

1. idle: There is no call being established, terminated, or active.
2. calling: A call is being established.

3. active: A call has been established.

4, terminating: A call is being terminated.

There are two protocol handling routines:

1) Outbound Protocol Handler
2) Inbound Protocol Handler

The functions of these routines are described below.
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Outbound Protocol Handler (IBOP$PROT:0UTB)

This routine is called by the IP$FLOWSRECV when data is available to
be moved to the transmitter.

Entry Point - IBOP$PROT:0UTB

If the data received by this routine is user data, it is put into
the last transmit frame byte queue.

If it is an abort frame CCS, it is ut into the last transmit frame
byte queue. However, if it is a bad frame CCS, the routine proces-
ses it depending on the configurable bad frame option as follows.
If the option is set for abort, a frame CCS for an abort is put into
the last transmit frame byte queue instead. But, if the option is
set for discard, the entire transmit frame byte queue is discarded.
When the routine finishes building a transmit frame byte queue by
appending a frame CCS (none for a good frame CCS), it enables the
6854 transmitter. Then it creates a new transmit frame byte queue
to be ready for subsequent data.

When the routine receives a ‘'call termination' CCS, the ensuing
action depends on the call state. If it is 'idle', the CCS is
ignored. If it is 'active', the call state is changed to 'terminat-
ing', the call light is made blinking, and the same 'call termina-
tion' CCS 1is passed back to IPSFLOWSPXMT. If the call state is
‘calling' or 'terminating', the routine calls IBOP$CMI:HANGUP to
clear the call.

Inbound Protocol Handler (IBOP$PROT:INB)

This routine is called by IBO$COMM:MODEM when a modem signal has
been changed.

If DSR came up and the auto-dial call option is in effect, the rou-
tine calls IBOP$CMI:CRECALL in the Call Manager Interface Submodule.
If DSR went down and the call state is ‘active' under either
auto-dial or contention call option, the routine changes the call
state to ‘'terminating' and passes a ‘'call termination' CCS to
IP$FLOWSPXMT. If the call state is 'calling' when the 'DSR down' is
detected, the call state is just changed to 'terminating'.

If the call state is 'active', the modem signal- is encoded into a
modem CCS and passed to the remote port by calling IP$FLOWSPXMT.
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6.15.2.4 Call Manager Interface Submodule (IBOP$CMI:)

Being called by the Protocol Handling Submodule when a call is to be
established or terminated, this submodule interfaces with the IP Call Manager
Module (CMM, see Section 6.3) to communicate with a remote port regarding
call maintenance procedures. Being called by the Protocol Handling Submodule
when a call is to be established or terminated.

The routines in this submodule belong to one of the two categories: the
first is for sending Addressed Packets to CMM, and the second is for handling
Addressed Packets received from CMM.

1) Call Addressed Packet Sender

There are two routines which send Addressed Packets to CMM:
IBOP$CMI:CRECALL for changing the call state to 'calling', making
the call 1light blinking, and sending a 'create call' Addressed
Packet; and IBOP$CMI:HANGUP for making the call state 'terminating’
and sending a ‘'hang up' Addressed Packet. They are called when a
call is to be established and terminated respectively.

2) Call Addresseleacket Receiver

The routine IBOP$CMI:AP_RCV (module number EQ$IP$MDT:IPP_CMM),
running as a batch task, retrieves a call Addressed Packet from its
input job queue and calls one of the following three routines
depending on the type of the Addressed Packet. There are three
types of call Addressed Packets acknowledged by this submodule.

a. Received a 'call requested' Addressed Packet:
(IBOP$CMI :CALLREQ)

The incoming call is accepted if the call state is 'idle' under
the contention call option or if the call state is 'idle' or
‘calling' under the auto-dial or leased line call option and
the calling node/port is correct. For a contention or auto-
dial call to be accepted, DSR must be up. Otherwise, the user
is notified by raising RI modem signal 5 times.

If the call is accepted, the call state is made 'calling', the
call 1light is made blinking, and a ‘'call accepted' Addressed
Packet is sent back to CMM. If the call is rejected, the 'call
accepted' Addressed Packet is sent back to CMM with an error
code.
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b. Received a 'call created' Addressed Packet: (IBO$CMI:CALLCRE)

If the call state 1is 'calling', the routine sets it to
‘active', reinitializes the transmit frame data structures,
passes a local modem CCS to the remote port, enables the 6854
receiver and BIC FIFO's, and changes the call light from blink-
ing to on. If the call state is 'terminating', it sends a
'hang up' Addressed Packet to CMM.

Cc. Received a 'call ended' Addressed Packet: (IBOP$CMI:CALLEND)

This routine first checks the error code in the 'call ended'
Addressed Packet. If it indicates a busy condition at the
remote port, the routine tries again to establish a call.

If there is no error in the Addressed Packet, it checks the
call state. If it is 'idle', the routine does nothing. If it
is 'calling', it tries again to establish the call. Otherwise,
the routine changes the call state to 'idle', reinitializes the
port, and turns off the call light.

Then, it tries to establish a call again if the call option is
either leased-line or auto-dial with DSR up.
6.15.2.5 Statistics and Monitoring Submodule (IBOP$SM:)

This submodule is responsible for monitoring the performance of the I/BOP
and reporting it to the network report port as any exception condition
arises. It works with the Statistics and Monitoring Module (IP$SM$) by pro-
viding I/BOP-specific monitoring and statistics-gathering functions.

Toward that end, it is required that the Adaptive Data Compression
Encoder (IP$ADCM:ENCODE, see Section 6.4) calculates the following.

1. Number of bytes encoded
2. Number of resulting nibbles

Also, the following statistics-gathering operations are imbedded in the
Communications Control Submodule within the I/BOP Protocol Module.

1. In the Receiver Controller (IBOP$COMM:RCV)

a) Number of frames received
b)  Number of frames received with bad FCS '

2. In the Transmitter Controller (IBOP$COMM:XMT)

a) Number of frames transmitted
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When called by IP$SM$UPDATE:TASK, IBOP$SM:MON computes the following
based on the last monitoring period.

1. Compression Efficiency - The ratio of the number of bits received to
the number of bits resulting from adaptive data compression for a
specific time period, multiplied by 100%.

2. Receiver Frame Error Rate - The ratio of the number of frames
received with bad FCS to the total number of frames received for a
specific time period, multiplied by 100%.

The results of the above calculations are compared to their respective
thresholds obtained as configuration parameters during the port initializa-
tion. If any threshold has been exceeded, a monitoring report Addressed
Packet is constructed and sent to the network report port.

When called by IP$SM$STAT:TASK, IBOP$SM$STAT appends the above statistics
as well as the following in the current statistics report addressed packet.

1) Statistical Loading - The ratio of the number of bits received to
the maximum number of bits which could have been received for a
specific time period, multiplied by 100%.

2) Compressed Loading - The ratio of the number of bits resulting from
adaptive data compression to the maximum number of bits which could
have been received for a specific time period, multiplied by 100%.

3) Transmit Frame Rate - The rate of frames being transmitted measured
for a specific time period, in frames/sec.

4) Receive Frame Rate - The rate of frames being received measured for
a specific time period, in frames/sec.

6.15.3 Data Flow and Program Control Flow

Finally, a pictorial overview of the data flow and program control flow
in an I/BOP is presented below.
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6.16 MODULE ITP

6.16.1 Overview and Definition of Terms

An explanation of the concepts of 'thread' and 'virtual port' is neces-
sary for an understanding of the function of module ITP$.

A thread is an interface seen by the user as a distinct terminal capable
of calling other terminals. ITP's may be single-threaded or multi-threaded.
A single-threaded port, at its simplest, provides one RS232 connector for a
user terminal while a multi-threaded port might provide more than one such
connector. Each thread establishes and disconnects calls independently of
other threads in the port. Threads are numbered within a port roughly sequen-
tially from 0 to 63. Single-threaded ports are considered to have one thread
whose number is 0 (0 is an invalid thread number for a multi-threaded port)
and non-terminal ports are considered to have no threads. '

Each thread within a multi-threaded port is considered to be a Virtual
Port (VP) and has a VP ID from 2 to 255 by which it may be addressed from
other ports in the network. VP ID's are, therefore, unique within the node
while thread numbers are only unique within a particular port.

Module ITP$ is responsible for translating beween the VP ID's used out-

side of the port and the thread numbers used within the port software and for
providing data areas associated with each of the threads in the port.

6.16.2 Data Structures

ITPS's most important function is the support of these thread-related

data structures: _

1. VP Directory: This structure is allocated for all multi-threaded
ports. It is a 256-byte area of contiguous memory aligned on a page
boundary. The n'th byte of the VP directory contains the thread num-
ber associated with VP number n. If there is no thread in this port
associated with that VP number, then the n'th byte is 0.
OF$IP$COMM:VP_DIRECTORY is a one-byte pointer to the page on which
this structure resides. If the VP directory is not allocated (if,
in other words, this 1is not a "multi-threaded port), then
OF$IP$COMM:VP_DIRECTORY contains a 0.

2. Thread Directory: This structure is allocated for all multi-
threaded ports. It resides in contiguous memory and begins on a
page boundary. Byte n of the Thread Directory contains the VP num-
ber associated with thread number n, or 0 if there is no VP for that
type of number. The number of bytes in the Thread Directory is
equal to the maximum configured thread number plus 1.
OF$IP$COMM:THREAD_DIRECTORY 1is a one-byte pointer to the page on
which the Thread Directory resides. If this is not a multi-threaded
port, this pointer is cleared.
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3. Thread Structures: These are areas of contiguous memory, one for
each thread in the port. Each thread structure contains as its
first byte the VP number for the thread. In addition, the Thread
Structure has the following data areas:

Call Manager Area - This area contains fields used by the Call
Manager and prefixed by OF$IP$THREAD:CMM_. Only the Call
Manager may write to these fields.

Protocol Area - This area contains fields written by the I/P
protocol modules and prefixed by OF$IP$STHREAD:IPP_.

4. Thread Structure Index: This is an index to the Thread Structures
discussed above. The size of the Thread Structure index is 2M + 2
where M is the highest thread number configured for the port, stored
in OF$IP$COMM:MAX_THREAD. The n'th two-byte entry in the index is
the address of the thread structure for thread number n. Location:
OF$IP$COMM:THREAD_INDEX points to the thread structure index. The
thread structures and the thread structure index are allocated for
all I/TP's.

*6.16.3 ITP$ Entry Points

Module ITP$ is composed of the following submodules --
MTINIT -- Initialization code for multi-threaded ports.
STINIT -- Initialization code for single-threaded ports.
THREAD -- Utility for thread structures. Common to all I/TP's.

TRANSLATE -- VP ID to thread number translation utility. Common to
all ports. '

The external entry points into these submodules are listed below:
Subroutine ITP$MTINIT:USER
Function --
This subroutine is called from the user initialization code
before any dynamic buffers have been deleted. It allocates a
2K contiguous area of memory which should be big enough to
contain all the ITP$ data structures.
Calling Sequence --
Called with the thread structure size in X register. All regis-

ters and user-alterable TCB fields are destroyed on return to
the caller.
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Subroutine ITP$MTINIT:CMEM
Function --
Called from user initialization code in multi-threaded ports to
complete initialization of ITP$ data structures. This routine
sends an inquiry packet to the Mainframe Configuration Module
requesting a list of VP's configured for the port. It then

-waits for ITP$MTINIT:AP to process the packet before returning
to the caller.

Calling Sequence --
No calling arguments. All registers and user-alterable TCB
fields are destroyed. On return, all ITP$ data structures are
initialized and may be used by external modules. Also, the I/P
port address is known and all thread structures have been-
cleared.
Routine ITPSMTINIT:AP
Function --
Completes the initialization begun by ITP$MTINIT:INIT. It is
an addressed packet task activated by the response from MCM to
the inquiry packet sent by ITP$MTINIT:USER.
Subroutine ITP$STINIT:USER
Function --
Called from user initialization 1in single-threaded ports to
take the place of ITPSMTINIT:USER. It completes all ITP$ ini-"-
tialization. There is no MCM inquiry packet sent by ITP$ in
single-threaded ports.
. Calling Sequence --

No calling arguments. All registers and user-alterable TCB
fields are destroyed on return to the caller.

Subroutine ITP$THREAD:LOCATE
Function --

Provides the user with the address of the thread structure for
any desired thread.

Calling Sequence --
Entry -- Calling A register contains the thread number.
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Exit -- On exit, X register contains the address of the thread
structure (if any) for the thread in the calling A register.
An invalid thread number is signaled by setting the CC:Z bit
and returning O in the X register.

Subroutine ITP$TRANSLATE :VP_TO_THREAD
Function -- ‘

Looks up a VP number in the VP directory (if it is allocated)
and returns the corresponding thread number, if there is a
non-zero thread number in the VP directory.

Calling Sequence --

Entry -- Calling A register must contain the VP number. ITP
initialization must be complete before calling this routine.

Exit -- On exit, A register contains the thread number .-for the
calling A register, if it was valid. CC:Z is set if and only
if there is no valid thread for the VP number passed in the A
register. It should be noted that this subroutine never
returns a thread number of 0 since the only way a thread 0 may
exist in a port is if the port is single threaded. If that is
the case, the thread is not associated with any VP.
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6.17 Intelligent Multiple Asynchronous Terminal Port Protocol Software

The Intelligent Multiple Asynchronous Terminal Port Protocol Module
(IMATP) passes data from 1 - 16 asynchronous terminals to the D814 Network
without protocol intervention. It 1is organized as a collection of submod-
ules, each responsible for performing a related set of functions. These
functions include:

) System Initialization
Communications Interrupt Handling
Protocol Handling

) Call Manager Interface

) Statistics and Exception Monitoring

gHwn =

Descriptions of the submodules which perform these tasks are found in
Sections 6.16.1 through 6.16.5.

The IMATP user data structures, called thread structures, are data areas
for each configured terminal. These thread structures are initialized by an
accessed through module ITP$. They are discussed in Section 6.16.

6.17.1 System Initialization (submodule IMATP$INIT)

This submodule is responsible for starting multithread IP Common routines
(i.e., Data Compression Module, Call Manager, FIFO Interrupt Handlers, ARQ
and Flow Control) and allocating and initializing I/MATP data structures. It
consists of three distinct routines. The first is called by IPOS during its
own initialization phase to begin initialization of the protocol tasks; the
second is forked by the first; and the third routine is a batch task with an
entry in the Module Dispatch Table that is scheduled subsequently.

The first routine calls routine ITPSMTINIT:INIT to allocate sufficient
contiqguous storage for the maximum conceivable number of thread structures.
The thread structure size is specified in the call to ITP$MTINIT:INIT. It
then forks the second routine (IMATP$INIT:REQ) and returns to IPOS.

IMATP$INIT:REQ first calls ITP$MTINIT:CMEM to complete the initialization
of the thread structures. ITP$MTINIT:CMEM gets from Mainframe Configuration
Memory a 1list of all threads configured for this port and initializes a
thread structure for each, placing the VP address in the first byte and clear-
ing the rest of the structure. The thread structures contain all permanent
data structures which must be maintained for each configured thread. The
following sorts of MATP data items are in the thread structures:

Receive and Transmit Holding Buffers used by the 2651 interrupt rou-
tines for temporary stroage of incoming and outgoing data.

Protocol state variables.

Data structures for statistics accumulation.
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After calling ITP$MTINIT:CMEM, the routine routes terminal configuration
request addressed packets (one for each configured thread) to Mainframe
Module MCM$CMEM (see Section 5.7).

The receipt of terminal configuration parameters (via addressed packets)
causes scheduling of the third routine, IMATP$INIT:CONF. IMATP$INIT:CONF is
responsible for storing CMEM parameters in the individual thread structures
initializing the 2651's for asynchronous transmission, and initializing the
remaining I/MATP data structures. Additionally, verification that the
aggregate speeds of the terminals does not exceed the current limit of 9600
baud is done at this time. If the limit is exceeded, a message is sent to
the operator and the system traps.

NOTE: It may be beneficial to store the thread number in the headers of
the Receive and Transmit Holding Buffers and Echo Buffers. This allows
us to proceed with one thread of communications by maintaining the
address of the correct buffer in the X-register, without allocating addi-
tional space or tying up a register to keep track of the thread. In this
way, repeated table look-ups during the Communications Interrupt and Pro-
tocol Handling routines are eliminated.

Entry Point: IMATP$INIT:ENTRY
Function:
Begin I/MATP data structure initialization.

Entry Conditions:

* None

Exit Conditons:

* A1l registers destroyed.

Entry Point: IMATP$INIT:REQ

Function:

Complete thread structure initialization and send configuration-request
packets for all VP's to the Mainframe.

Entry Conditions:

* None

Exit Conditions:

* None
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Entry Point: [IMATP$INIT:CONF
Function:

Complete I/MATP data structure initialization based on the information
contained in returned configuration-request packets.

Entry Conditions:

* None

Exit Conditions:

* None

6.17.2 Communications Interrupt Handling (submodule IMATP$COMM)

This submodule is responsible for servicing interrupts received from the
2651 communications circuits. Interrupt types include:

1) Receiver Ready
2) Transmitter Ready
3) Data Set (MODEM) Change

IPOS routes all 2651 IRQ's to a routine (IMATP$COMM:IRQ) that both deter-
mines interrupt type (by reading the ACS Register and 2651 Status Register)
and does polling to locate the requesting 2651. The IRQ is dispatched to the
processing routine corresponding to the interrupt type, with the X-register
pointing to the Holding Buffer associated with the requesting 2651. (This
address is found in the Correspondence Table mentioned in IMATP$INIT.)

After processing each data byte, the interrupt processors return control
to IMATP$COMM:IRQ, which checks to see if there is more to do before termin-
ating. To insure that no heavily loaded 2651 may monopolize processing time,
IMATP$COMM: IRQ maintains a count of the number of data bytes processed for
one thread during the current session. If the number exceeds the maximum
permitted for one session, the routine will poll and service the other 2651's
before granting the original requestor a second session.

NOTE: Polling of 2651's occurs in a pre-determined, fixed order which is
based on the addresses of the D814 hardware. For polling purposes, low
address ===> high priority. Thus, the 2651's on the QBYTE card with the
lowest address have the highest priority and are polled first. Similar-
ly, on any particular QBYTE card, the 2651 with the lowest address is
polled first.
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Entry Point: IMATP$COMM:IRQ

Function:
Dispatch 2651 IRQ's to their corresponding processing routines

Entry Conditions

* None

Exit Conditions

* None

Receiver Ready (IRQ) Routine (IMATP$COMM:RCV)

This routine is initiated by the occurrence of a Receiver Ready IRQ for a
2651, It is responsible for performing three functions:

1) Moving data from the 2651 to the corresponding Receiver Holding
Buffer (and Echo Buffer, if auto echo).

2) Performing data encoding (as detailed in Section 6.11.2.1).

3) Detecting and recording line and parity errors.

When necessary, IMATP$COMM:RCV will fork the Protocol In Processor, first
identifying the data stream by storing the address of the correct Receive
Holding Buffer in the TCB for that Processor.

Transmitter Ready (IRQ) Routine (IMATP$COMM:XMT)

This routine is utilized to handle the 2651's transmitter section, and is
initiated by the occurrence of a Transmitter Ready interrupt. It has
four basic functions to perform:

1) Move data from a Transmit Holding Buffer (and Echo Buffer, if auto
echo is enabled) to the corresponding 2651.

2) Decode 3ata and modem control signals (as detailed in Section
6.11.2.1).

3) Process modem signal changes received from the network.

4) Execute software support of data parity (when enabled).

When necessary, IMATP$COMM:XMT will fork the Protocol Out Processor,
first identifying the outgoing data stream by storing the address of the
correct Transmit Holding Buffer in the TCB for that Processor:

NOTE: Modem signal changes are processed by setting the appropriate bits
in the Auxiliary Control Signal Register and the 2651 Command Register.
The 2651 Command register is detailed in the Signetics 2651 PCI document.
Information concerning the ACSR structure and use is found in the Hard-
ware System Specification. All equated bits of the ACSR are utilized in
the I/MATP.
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Data Set Change (IRQ) Routine (IMATP$COMM:DSC)

This routine is initiated by the occurrence of a Data Set Change inter-
rupt from a Local 2651 or ACS Register. The data set signals that cause
this type of interrupt include:

1) DCD - data carrier detect

2) DSR - data set ready

3) RI - ring in

4) Sec. TxD - secondary transmit data
5) Sec. RTS - secondary request to send

Modem changes are processed by isolating the bits of the 2651 Status
Register and ACS Register which correspond to these signals and combining
them to form a Modem Control Signal byte. This byte is encoded (as
described in Section 6.11.2.1) and placed in the Receive Holding Buffer.

6.17.3 Protocol Handling (Submodules IMATP$IBP and IMATP$0BP)

The primary responsibility of the protocol handlers is the movement of
data between the Encoder/Decoder routines and the Communications Transmit and
Receive Holding Buffers. Additionally, they transfer modem signal changes to
the Call Manager when required to initiate or terminate a call. There are
two protocol processors:

1) Protocol In Processor
2) Protocol Out Processor

Protocol In processor (IMATP$IBP)

This protocol routine is forked by the Receiver Ready (IRQ) routine when
data has been placed in a Receive Holding Buffer.

A1l data (excluding DSR signal changes) are ignored until a call has been
established. While the call remains active, the contents of the appro-
priate Receive Holding Buffer are sent to the Data Compression Encoder
with the thread number identified in the B-register.

Movement of data from a specific Receive Holding Buffer continues until
the buffer is emptied OR the maximum number permitted during one session
has been exceeded. At this point, the "next" Receive Holding Buffer is
scanned for data, and the process. is repeated until no data remains in
any of the Receive Holding Buffers. '

Receipt of ICS's indicating changes in a terminal's DSR signal are always
transmitted to the Call Manager for processing. Additional responsibili-
ties include the generation and sending of "calling" messages to remote
terminals when attempting to establish dial calls.
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Entry Point: IMATP$IBP:ENTRY

Entry Conditions:

* None

Exit Conditions:

* None

Protocol Out processor (IMATP$OBP)

This protocol routine is forked by Transmitter Ready (IRQ) routine or the
Pre-ARQ/BIC Receiver routine when data is to be moved to a Transmit Hold-
ing Buffer. It calls the Data Compression Decoder to obtain data bytes
from the corresponding Outbound Data Buffer, then selectively moves them
into the Transmit Holding Buffer.

When the active Outbound Data Buffer is emptied OR the maximum number of
bytes to be accepted from a terminal during one session has been
exceeded, OR the Transmit Holding Buffer for that OB Data Buffer fills
(whichever comes first), the "next" OB Data Buffer is scanned for data
and the process is repeated.

When bytes are no longer available from any OB Data Buffer, the routine
sets the ARQ Fork flag (indicating to the Pre-ARQ/BIC Receiver to fork
this routine when data becomes available, and resets the Transmitter Fork
flag (indicating to the Transmitter Ready (IRQ) routine not to fork this
routine when any Transmit Holding Buffer falls below half full).

As bytes are transferred to a Holding Buffer, if its 2651 transmitter is
not running, it is enabled. This creates a Transmitter Ready IRQ, which
causes the Communications Interrupt Handler to start removing data from

the Holding Buffers.

Any ‘'request call termination' or ‘'call terminate' signals received (see
Section 6.11.2.1), are passed to the Call Manager for processing and are
not placed in the Holding Buffers.

Entry Point: IMATP$OBP:ENTRY

Entry Conditions:

* None

Exit Conditions:

* None
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6.17.4 Call Manager Interface (IMATP$CMI)
L}

This submodule 1is responsible for handling communications between the
Protocol modules and the Call Manager. It has one external entry point
(IMATP$CMI:ENTRY), and performs five distinct tasks:

1) Call End Processing (CMM ---> Protocol)
2) Call Request Processing (CMM --<> Protocol)
3) Call Created Processing (CMM ---> Protocol)
4) Hangup Request (Protocol =---> CMM)
5) Create Call Request (Protocol ---> CMM)

The routines to process the first three are activated by IMATP$CMI:ENTRY
upon receipt of an addressed packet from the Call Manager. The latter two
are subroutines used by the Inbound and Outbound Protocol modules and the
other CMI routines. :

Entry Point: [IMATP$CMI:ENTRY

Function:

Dequeue an addressed packet from the Call Manager and activate the appro-
priate routine to process it by identifying the command code contained in
the addressed packet message field.

Entry Conditions:

* None

Exit Conditions:

* None

Call End Processing (IMATP$CMI:CALLEND)

This routine is activated by receipt of a "call end" AP from the Call
Manager. At "normal" call end, it starts reinitialization of ARQ/FLOW
control and resets call state variables. The routine also resends a
“create call" AP to the Call Manager when the remote terminal has indi-
cated it is "busy" OR the call was ended before it was fully established.

Call Request Processing (IMATP$CMI:CALLREQ)

This routine is invoked by the receipt of a "“call request" AP from the
Call Manager. It is responsible for rejecting calls when the port is
already busy OR the "request" packet has been improperly routed. Other-
wise the routine sends a "call accepted" AP to Call Manager.
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Call Created Processing (IMATP$CMI:CALLCRE)

This routine is invoked following the receipt of a "call created" addres-
sed packet from the Call Manager. It enables the 2651 receiver and BIC
Inbound and Outbound FIFO's so a call can proceed.

Hangup Request (IMATP$CMI:SEND HANGUP)

This routine is called by the Protocol modules or the Call Manager Inter-
face. Its function is to construct and route to the Call Manager an
"hangup" addressed packet.

Create Call Request (IMATP$CMI:SEND CRECALL)

This routine is called by the Protocol modules or the Call Manager Inter-
face. It handles the construction and routing of a "create call" addres-
sed packet to the Call Manager.

At this point it seems desirable to diverge from module functional speci-
fications in order to delineate and discuss those characteristics of the
I/MATP which set it apart from the single-threaded I/ATP.

As indicated in the introductory paragraph of Section 6.17, the I/MATP
passes data from 1 - 16 asynchronous terminals. Multiple terminals per set
of port software create a number of complexities in establishing and main-
taining communications. There are multiple 2651 communications chips; multi-
ple Receive and Transmit Holding Buffers; multiple Inbound and Outbound Data
Buffers; but only one BIC chip used to transmit the data from these across
the network. Despite this, each individual terminal of the I/MATP must have
the ability to converse with an I/ATP terminal, a terminal "belonging to"
another I/MATP, or another terminal within the same I/MATP, concurrent to
active communications involving other terminals of the same I/MATP. In addi-
tion to this, multiplicity must be transparent across the link, i.e., communi-
cation between an I/ATP and I/MATP must in no way differ from that betwen two
I/ATP's from the I/ATP's perspective. In order to address this problem, the
concepts of "thread" number and "Virtual Port" (VP) came into existence.

When a singly-threaded port requests call establishment, it identifies
itself by means of node and port number. This is not sufficient routing
information when dealing with multiply-threaded ports. In the case of an
I/MATP, we know that each terminal sends and receives data via a specific
2651, and there will be no more than 16 terminals per port. For this reason
(based on QBYTE-card number and 2651 hardware address) each terminal is
uniquely identifiable by permanently associating with it a number ranging 0 -
F. This number, the "thread" number, is mentioned throughout Section 6.16
and effectively creates 16 fixed data paths through the I/MATP.
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It would appear that the addition of thread number to addressed packets
for call establishment would be a quick and simple solution to the routing
problem. However, this violates our second requirement, that of transpar-
ency. In order to maintain this transparency, Virtual Port numbers may be
assigned to each I/MATP by the mainframe during port initialization. The
Call Manager maintains a table which associates with each Virtual Port number
a specific thread number. Communications between the Call Manager and a
terminal are identified by thread number; addressed packets travelling across
the network contain Virtual Port numbers. The IPOS addressed packet system
has the responsibility of changing the AP field containing destination port
so that it is meaningful to the receiver of the addressed packet. (More
detailed information on this can be found in Sections 6.1, 6.3 and 6.5 of
this document.)

The following is a summary which may help to clarify the points brought
up in the preceeding discussion. ‘

Assume throughout that we are dealing with communications internal to a
single node. The node consists of three ports:

Port 12 -- IMATP with one QBYTE
Port 20 -- IATP
Port 56 -- IMATP with two QBYTEs

At initialization time, the mainframe allocates:

VP numbers 3,5,7,9 to Port 12
VP number 35,37,39,41,43,45,47,49 to Port 56

The relationship between thread numbers and VP numbers within the two
IMATP's is as follows:

|

0
1
2
3

Port 12 Port 56
Thread # VP# Thread # VP#

WO o W

~| ool &l rof —| o
FN
o

Note: These are permanent assignments in the IMATP.
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No matter what two terminals are communicating (even when two IMATPs),
each Call Manager believes that the remote terminal 1is an IATP. For
instance, when Port 20 communicates with Port 56, Thread 3, its Call Manager
believes it is talking to Port 41. Similarly, when Port 56, Thread 7 com-
municates with Port 12, Thread 2 the Call Manager for Port 12 believes the
communication is with Port 49, the Call Manager for Port 56 believes the com-
munication is with Port 7.

When the IPOS addressed packet router for Port 12 receives an AP for Port
7, it recognizes it as referring to Thread 2.

The following diagram graphically illustrates the data paths described
above.

D814 System Software Manual
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Port 20
IATP |
VP
4 f--]-m--
6000
——————— --| VP
| 7
VP
49
IMATP | IMATP
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1 M | 1
2 C e | =M [+===2
C R PR | Ty - i 3
4 M Port 12
5
6
2 S I,
Port 56

NODE 6

Figure 6.17.1

In order to gain a full understanding of how the I/MATP submodules inter-
act to accomplish their task, it is helpful to study the diagrams in Section
6.6.11 which briefly trace the path of data and logic through the I/ATP.

The only differences in program control flow for the I/MATP are: AP is
replaced by CMI, the Data Compression module is fixed, not adaptive, and
FLOW$ represents the multithread ARQ/Flow control submodules (MFLOWS$).

What must also be kept in mind is that there are multiple terminals
involved, hence a number of calls may be in progress at any given time.
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6.17.5 Statistics and Monitoring (IMATP$STAT)

This routine is responsible for monitoring the performance of the I/MATP
and reporting the information as a system alarm to the network Report Port.

In addition, any system module can request current information from this
module.

The individual modules in the I/MATP are responsible for updating monitor-
ing information as follows:

1) Receiver Ready interrupt routine

a) Number of characters received
b) Number of errors that occurred
c) Number of characters after encoding

2) *Data Compression Encoder

a) Number of nibbles encoded
b) Number of resulting nibbles

The statistics routine is started by IP initialization and runs every 6
seconds. Each time it executes, it calculates the following port level
statistics:

1) Buffer Utilization - The ratio of the number of buffers currently in
use to the total number of buffers in the free buffer pool, times
100%.

2) Processor Loading - As calculated by IPOS (see Section 6.1.10).

The results of these calculations are compared to their respective thresh-
olds, which are obtained from the mainframe during initialization. If either
threshold has been exceeded, an alarm packet is constructed and sent to the
network Report Port.

If a packet is received from system module requesting terminal statis-
tics, an addressed packet containing the above information, as well as:

1) Statistical Loading - The ratio of the number of characters from the
terminal to the maximum number of characters which the terminal
could have sent in the elapsed time, times 100%.

2) Compressed Loading - The ratio of the number of bits resulting from
code compression to the maximum number of bits (including parity
bit) the terminal could have sent in the elapsed time, times 100%.

D814 System Software Manual
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3)

4)

Compression Efficiency - the ratio of the total number of bits
(including parity bit) from the terminal to the number of bits
resulting from code compression, times 100%.

Character Error Rate - The ratio of the number of characters with
bad parity received from the terminal to the total number of
characters received, times 100%.

is constructed and returned to the requesting module.

Note:

Statistics must be requested by node and VIRTUAL PORT number in

the I/MATP.

Entry Point: IMATP$STAT:MONITOR

Function:

Calculate statistics and send exception report addressed packets to the
network Report Port

Entry Conditons:

*

None

Exit Conditions:

*

None

Entry Point: IMATP$STAT:AP

Function:

Calculate statistics and send a statistics addressed packet to the
requesting module. ,

Entry Conditons:

*

None

Exit Conditions:

*

None
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6.18 Intelligent Multiple Synchronous Terminal Port Protocol Software

The Intelligent Multiple Synchronous Terminal Port Protocol Module
(IMSTP) passes data from 1-16 synchronous terminals to the D814 Network with-
out protocol intervention. It is organized as a collection of submodules,
each responsible for performing a related set of functions. These functions
include:

1. System Initialization

2. Communications Interrupt Handling
3. Protocol Handling

4, Call Manager Interface

5. Statistics and Exception Monitoring

Descriptions of the submodules which perform these tasks are found in
Sections 6.18.1 through 6.18.5.

The I/MSTP user data structures, called thread structures, are data areas
reserved for each configured terminal. The thread structures are initialized
and accessed by calls to module ITP$ and are discussed in detail in Section
6.16.

6.18.1 System Initialization (Submodule IMSTP$INIT)

This submodule consists of three distinct routines. The first
(IMSTPSINIT:ENTRY) 1is called by IPOS during port initialization to begin
protocol-specific initialization tasks; the second (IMSTP$INIT:REQ) is forked
by IMSTP$INIT:ENTRY; and the third routine is a batch task that is scheduled
on receipt of an addressed packet containing configuration information.

IMSTP$INIT:ENTRY is responsible for starting common multithread IP ini-
tialization routines (i.e., Data Compression, Call Manager, FIFO Interrupt
Handler and ARQ/Flow Control) and calling ITP$MTINIT:USER to allocate a block
of contiguous memory to be later divided into thread structures for use by
assigned VP's. It additionally obtains and initializes buffers to be used as
permanent TCB's by IMSTP modules, sets up the port Module Dispatch Table,
creates a temporary byte file containing addresses of ring buffers allocated
for data storage by 2651 interrupt routines, and forks IMSTP$INIT:REQ before
terminating.

IMSTP$INIT:REQ first calls ITP$MTINIT:CMEM to request VP numbers config-
ured for the port and await 1) the division and formatting of the previous-
ly allocated block of contiguous memory into thread structures (one for each
VP), and 2) the release of all unused memory within this block. Upon return
from this routine, the thread directory created by ITP$MTINIT:AP is scanned.
For each valid thread, a configuration-request packet is constructed and
routed, the thread structure variables are initialized, and previously allo-
cated ring buffers are assigned as receive and transmit holding buffers.
When thread initialization is complete, all unassigned ring buffers are
released and the routine terminates.

Rev. 2 D814 System Software Manual Rev. 2
Section 6.18 - 1



CODEX CORPORATION COMPANY CONFIDENTIAL

IMSTPS$INIT:CONF dequeues configuration addressed packets, storing CMEM
parameters in the individual thread structures. In addition to this, it ini-
tializes the 2651's for synchronous transmission, calculates parameters used
in statistics and monitoring tasks and verifies that the aggregate speeds of
the terminals does not exceed the current 9600 baud 1imit. Before terminat-
ing, the routine sets the bits in OF$IP$COMM:INIT_FLAGS indicating to the
Call Manager that protocol initialization is complete.

NOTE: It may be beneficial to store the thread number in the headers of
‘the Receive and Transmit Holding Buffers. This allows us to proceed with one
thread of communications by maintaining the address of the correct buffer in
the index register without allocating additional space or tying up a register
to keep track of the thread. In this way, repeated table look-ups during the
Communications Interrupt and Protocol handling routines are eliminated.

Entry Point - IMSTP$INIT:ENTRY
Function

Initialize I/MSTP data structures, start IP common modules and obtain
2651 Holding Buffers.

Entry Conditions

* None

Exit Conditions

* A11 registers desiroyed
Entry Point - IMSTP$INIT:REQ
Function |
Build a configuration-request packet

Entry Conditions

* None

Exit Conditions

* None
Entry Point - IMSTP$INIT:CONF
Function

Complete I/MSTP data structure initialization based on the information
contained in returned configuration-request packet.
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Entry Conditions

* None

Exit Conditions

* None

6.18.2 Communications Interrupt Handling (Submodule IMSTP$COMM)

This submodule is responsible for servicing interrupts tracked by the ACS
Status Register. IMSTP IRQ's are generated by the following:

1. 2651 Communications Chip
2. ACS Register

A11 such interrupt requests are routed to IMSTP$COMM:IRQ that both deter-
mines interrupt type (by reading the ACS Register and 2651 Status Register)
and does polling to locate the requesting 2651. The IRQ is dispatched to the
corresponding interrupt processor with the index .register pointing to the
holding buffer associated with the active thread.

2651 interrupts are of three types: receiver ready, transmitter ready,
and data set change. ACS interrupts are processed identically to 2651 data
set changes.

After processing each data byte the interrupt processors return control
to IMSTP$COMM:IRQ, which checks for outstanding interrupts. To insure that
no heavily loaded 2651 may monopolize processing time, IMSTP$COMM:IRQ main-
tains a count of the number of data bytes processed for one thread during the
current session. If the number exceeds the maximum permitted for one ses-
sion, the routine will poll and service the other 2651's before granting the
-original requestor a second session.

NOTE: Polling of 2651's occurs in a predetermined, fixed order which is
based on the addresses of the D814 hardware. For polling purposes, low
address ===> high priority. Thus, the 2651's on the QBYTE card with the low-
est address have the highest priority and are polled first. Similarly, on
any particular QBYTE card, the 2651 with the lowest address is polled first.

Entry Point - IMSTP$COMM:IRQ
Function

Poll threads to locate requestor and dispatch ACS Status Register IRQ's
to their corresponding interrupt routines.
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2651 Receiver Ready (IRQ) Routine (RECEIVE)

This routine is utilized to handle the 2651's receiver section, being ini-
tiated by the occurrence of a receiver ready interrupt. It performs. 5 func-
tions:

Moves data from the 2651 to the Receive Holding Buffer.
Performs data encoding (as detailed in Section 6.18.2.1).
Detects and records . line and parity errors.

. Inserts Parity Check ICS's.

. Disables 2651 receiver between blocks to force sync hunt.

aAApPpwpn =
.

When necessary, RECEIVE will fork the Protocol In Processor, first identi-
fying the data stream by storing the address of the correct Receive Holding
Buffer in the TCB for that processor.

Transmitter Ready (IRQ) Routine (TRANSMIT)

This routine is utilized to handle the 2651's transmitter section, being
initiated by the occurrence of a transmitter ready interrupt. It has 4 basic
functions to perform:

1. Move data from the Transmit Holding Buffer to the 2651.

2. Decode data and modem control signals (as detailed in Section
6.18.2.1). '

3. Line fill (either syn or pad characters) when unable to transmit
data.

4,  Process modem signal changes received from the network.

When necessary, TRANSMIT will fork the Protocol Out Processor, first iden-
tifying the outgoing data stream by storing the address of the correct Trans-
mit Holding Buffer in the TCB for that Processor.

NOTE: Modem signal changes are processed by setting the appropriate bits
in the Auxiliary Control Signal Register and the 2651 Command Register. The
2651 Command Register is detailed in the Signetics 2651 PCI document. Infor-
mation concerning the ACSR structure and use is found in the Hardware System
Spec. It is useful to note that the only bits of the ACSR which are utilized
in the I/MSTP (other than IRQ) are BUSY (ACS_IN), CTS and RNG (ACS_OUT). CTS
is used only when Clear to Send Delay is activated.

2651 or ACS Register DATA Set Change (IRQ) Routine (DSCHG)

This routine is responsible for handling Data Set (Modem) changes. It is
initiated by the occurrence of a data set change interrupt from the 2651 or
ACSR. The data set signals that can cause this interrupt (at the local 2651
or ACSR) are:
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1. DCD - Data Carrier Detect
2. DSR - Data Set Ready
3. RI - Ring In

Modem changes are processed by isolating the bits of the 2651 Status
Register and ACS Register which correspond to these signals and combining
them to form a Modem Control Signal byte. This byte is encoded (as described
in Section 6.18.2.1) and placed in the Receive Holding Buffer.
6.18.2.1 Data Encoding/Decoding

Data encoding is performed as follows:

Data (D) ==> (D)| if 0 < (D) < X'FF'
(X'FF',x'81')| if (D) = 0
(X'FF' ,X'FF')| if (D) = X'FF'
Modem Signals (S) ==>  (X'FF',S)| if (S) > 0
(X'FF',X'80")| if (S) =0
Call Signals ==>(X'FF',X'82')| Request Call Termination
(X'FF',X'83')| Call Termination Granted

Note: S<X'7F' (i.e, high order bit must be zero) |
Data decoding is the inverse of the encoding procedure, except that Call

Signals are not decoded. The Call Signals described above are special sig-
nals used by the CMM Interface to terminate a call.

6.18.3 Protocol Handling (Submodules IMSTP$IBP and IMSTP$0BP)

The primary responsibility of the protocol handlers is the movement of
data between the Encoder/Decoder routines and the Communications Transmit and
Receive Holding Buffers. Additionally, they transfer modem signal changes to
the Call Manager when required to initiate or terminate a call. There are
two protocol processors:

1. Protocol In processor
2. Protocol Out processor

Protocol In Processor (IMSTP$IBP)

This protocol routine is forked by the Receiver Ready (IRQ) routine when
data has been placed in a Receive Holding Buffer.

A11 data (excluding DSR signal changes) are ignored until a call has been
established. While the call remains active, the contents of the appropriate
Receive Holding Buffer are sent to the Data Compression Encoder with the
thread number identified in the B-register.
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Movement of data from a specific Receive Holding Buffer continues until
the buffer is emptied OR the maximum number permitted during one session has
been exceeded. At this point, the "next" Receive Holding Buffer is scanned
for data, and the process is repeated until no data remains in any of the
Receive Holding Buffers.

Receipt of ICS's indicating changes in a terminal's DSR signal are always
transmitted to the Call Manager for processing.

Entry Point - IMSTP$IBP:ENTRY

Entry Conditions

* None

Exit Conditions

* None

Protocol Out Processor (IMSTP$OBP)

This protocol routine is forked by Transmitter Ready (IRQ) routine or the
Pre-ARQ/BIC Receiver routine when data is to be moved to a Transmit Holding
Buffer. It calls the Data Compression Decoder to obtain data bytes from the
corresponding Outbound Data Buffer and "tracks" them by means of a finite
state machine to insure that the appropriate mode of sync-filling (trans-
parent or normal) will occur only where permissible within the BSC message
block. :

When the active Outbound Data Buffer is emptied OR the maximum number of
bytes to be accepted from a terminal during one session has been exceeded, OR
the Transmit Holding Buffer for the OB Data Buffer fills (whichever comes
first), the "next" OB Data Buffer is scanned for data and the process is
repeated. ,

When bytes are no longer available from any OB Data Buffer, the routine
sets the ARQ Fork flag (indicating to the Pre-ARQ/BIC Receiver to fork this
routine when data becomes available, and resets the Transmitter Fork flag
(indicating to the Transmitter Ready (IRQ) routine not to fork this routine
when any Transmit Holding Buffer falls below half full).

As bytes are transferred to a Holding Buffer, if its 2651 transmitter is
not running, it is enabled. This creates a Transmitter Ready IRQ, which
causes the Communications Interrupt Handler to start removing data from the
Holding Buffers.

Any 'request call termination' or 'call terminate' signals received (see
Section 6.18.2.1) are passed to the Call Manager for processing and are not
placed in the Holding Buffers.

Rev. 2 : D814 System Software Manual Rev. 2
Section 6.18 - 6



CODEX CORPORATION COMPANY CONFIDENTIAL

Entry Point - IMSTP$0BP:ENTRY

Entry Conditions

* None

Exit Conditions

* None

6.18.4 Call Manager Interface (IMSTP$CMI)

This submodule 1is responsible for handling communications between the
Protocol modules and the Call Manager. It has one external entry point
(IMSTP$CMI:ENTRY), and performs five distinct tasks:

1. Call End Processing (CMM ---> Protocol)
2. Call Request Processing (CMM ---> Protocol)
3. Call Created Processing (CMM ---> Protocol)
4, Hangup Request (Protocol ---> CMM)
5. Create Call Request (Protocol ---> CMM)

The routines to process the first three are activated by IMSTP$CMI:ENTRY
upon receipt of an addressed packet from the Call Manager. The latter two
are subroutines used by the Inbound and Outbound Protocol modules and the
other CMI routines.

Entry Point - IMSTP$CMI:ENTRY

Function

Dequeue an addressed packet from the Call Manager and activate the appro-
priate routine to process it by identifying the command code contained in
the addressed packet message field.

Entry Conditions

* None

Exit Conditions

* None

Call End Processing (IMSTP$CMI:CALLEND)

This routine is activated by receipt of a "“call end" AP from the Call
Manager, At "normal" call end, it starts reinitialization of ARQ/FLOW con-
trol and resets call state variables. The routine also resends a '"create
call" AP to the Call Manager when the remote termminal has indicated it is
"busy" OR the call was ended before it was fully established.
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Call Request Processing (IMSTP$CMI:CALLREQ)

This routine is invoked by the receipt of a "call request" AP from the
Call Manager. It is responsible for rejecting calls when the port is already
busy OR the "request" packet has been improperly routed. Otherwise the rou-
tine sends a "call accepted" AP to Call Manager.

Call Created Processing (IMSTP$CMI:CALLCRE)

This routine is invoked following the receipt of a "call created"
addressed packet from the Call Manager. It enables the 2651 receiver and BIC
Inbound and Outbound FIFO's so a call can proceed.

Hangup Request (IMSTP$CMI:SEND HANGUP)

This routine is called by the Protocol modules or the Call Manager Inter-
face. Its function is to construct and route to the Call Manager a "hangup"
addressed packet.

Create Call Request (IMSTP$CMI:SEND CRECALL)

This routine is called by the Protocol modules or the Call Manager Inter-
face. It handles the construction and routing of a "create call" addressed
packet to the Call Manager.

At this point it seems desirable to diverge from module functional speci-
fications in order to delineate and discuss those characteristics of the
I/MSTP which set it apart from the singly-threaded I/STP.

As indicated in the introductory paragraph of Section 6.18, the I/MSTP
passes data from 1-16 synchronous terminals. Multiple terminals per set of
port software create a number of complexities in establishing and maintaining
communications. There are multiple 2651 communications chips; multiple
Receive and Transmit Holding Buffers; multiple Inbound and Outbound Data Buf-
fers; but only one BIC chip used to transmit the data from these across the
network. Despite this, each individual terminal of the I/MSTP must have the
ability to converse with an I/STP terminal, a terminal "belonging to" another
[/MSTP, or another terminal within the same I/MSTP, concurrent to active com-
munications involving other terminals of the same I/MSTP. In addition to
this, multiplicity must be transparent across the link, i.e., communications
between an 1/STP and I/MSTP must in no way differ from that between two
I/STP's from the I/STP's perspective. In order to address this problem, the
concepts of "thread" number and "Virtual Port" (VP) came into existence.
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NOTE: These are permanent assignments in the IMSTP.

No matter what two terminals are communicating (even when two IMSTPs),
each Call Manager believes that the remote terminal is an ISTP. For instance
when Port 20 communicates with Port 56, Thread 3, its Call Manager believes
it is talking to Port 4l1. Similarly, when Port 56, Thread 7 communicates
with Port 12, Thread 2 the Call Manager for Port 12 believes the communica-
tion is with Port 49, the Call Manager for Port 56 believes the communication
is with Port 7.

When the IP0S addressed packet router for Port 12 receives an AP for Port
7, it recognizes it as referring to Thread 2.

The following diagram graphically illustrates the data paths described
above.

Port 20
ISTP
VP
41  [----- _———
6000
--------- VP
7
VP
49
]
IMSTP | | IMSTP |
0 C 0
2 M 1
2 C I | T Iy
3oet|=-Meu| --- | |3
4 M Port 12
5
6
e e
Port 56
NODE 6
Figure 6.18.1
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In order to gain a full understanding of how the I/MSTP submodﬁles inter-
act to accomplish their task, it is helpful to study the diagrams in Section
6.12 which briefly trace the path of data and logic through the I/STP.

The only differences in program control flow for the I/MSTP are: the
Data Compression module is fixed, not adaptive, and FLOW$ represents the
multithread ARQ/Flow control submodules (MFLOW$).

What must also be kept in mind is that there are multiple terminals
involved, hence a number of calls may be in progress at any given time.

6.18.5 Statistics and Monitoring (Submodule IMSTP$STAT)

This submodule 1is responsible for monitoring the performance of the
IMSTP, reporting error and exception conditions to the network report port,
and responding to requests for port statistics. It has three external entry
points:

1.  IMSTP$STAT:COLLECT_STATS
2. IMSTP$STAT:STAT
3.  IMSTP$STAT:MONITOR

Entry Point - IMSTP$STAT:COLLECT_STATS

Function

Collects instantaneous values for brocessor loading, encoder nibbles in,
encoder nibbles out, number of buffers in use, number of characters
received from the 2651, and current error count. Forks the monitoring
routine (IMSTP$STAT:MONITOR). (This routine is initiated by IPOS every 6
seconds.)

Entry Conditions

* None

Exit Conditions

* A1l registers destroyed
Entry Point - IMSTP$STAT:MONITOR
Function

Updates the weighted-average value for each statistic using the current
instantaneous value. Calculates instantaneous processor 1load, buffer
utilization, compression efficiency and character error rate, comparing
percentages to threshold values and reporting exceptions to Network
Report Port.
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6.19 Intelligent Multiplex Port (I/MXP) Protocol Module

6.19.1 Introduction

An Intelligent Multiplex Port (I/MXP) is an intelligent terminal port
designed to interface with a Multiplex Port of another 6000 series Intelli-
gent Network Processor or a Front-End Processor over a high-speed link in
order to establish multiplexed data paths according to the Codex Multiplex
Protocol (see Codex Multiplex Protocol Specification).

The I/MXP uses a similar hardware and the same line layer (HDLC) protocol
as the intelligent Bit-Oriented Protocol terminal port (I/BOP, see Section
6.15). The hardware consists of an I/ENG2 card and an I/BIT daughter card
?ased)on a Motorola MC6854 ADLC chip and an Auxiliary Control Signal Register

ACSR).

The I/MXP supports all types of threads; asynchronous, binary synchron-
ous (BSC), and bit-oriented protocol threads.

Running under the 6809 IP Operating System (IPOS @9), and interfacing
with the Multi-threaded Data Movement Module (MTDM, Section 6.5), Call
Manager Module (CMM, Section 6.3) and IP Configuration Control Module (CCM,
Section 6.2), the I/MXP-specific module that is described here is divided
into the following submodules:

. Initialization

. Line Layer Protocol Handling

ARQ Layer Protocol Handling

MUX Layer Protocol Handling
Connection Layer Protocol Handling
. Call Manager Interfacing

. Statistics Gathering and Monitoring

NOYO L WN -
L]

Before going into the description of the I/MXP Protocol Module, a few
naming conventions need to be defined here.

Each multiplexed data path which is a logical construct in software with-
in the local I/MXP is called a thread. The remote terminal port at the end
of a 6050 subnetwork, be it an I/TP or a thread in another I/MXP, is called a
remote TP. Away from the 6050 subnetwork, the I/MXP is connected to another
Multiplex Port, which is called a remote MXP, via a high-speed link called
MUX 1ink. The local TP is the TP in the other subnetwork which is eventually
connected to the remote TP for the thread through the MUX Tlink.
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Local Remote
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6.19.2 Functional Submodule Description

In this section the functions of an I/MXP are described as belonging to
one of the 7 submodules listed above.

6.19.2.1 Initialization Submodule (IMXP$INIT:)

The function of this submodule is to make the I/MXP ready for users.
Called by IPOS @9 during the port initialization, IMXP$INIT:START initializes
common multi-threaded I/TP modules and allocates storage blocks for I/MXP
data structures and initializes them. Finally, it forks IMXP$INIT:REQ_PORT_
CONF and returns to IPOS @9. IMXP$INIT:REQ_PORT_CONF then, started by the
IPOS @ scheduler, calls ITP$MTINIT:CMEM and sends addressed packets to the
Mainframe Configuration Control Module (see Section 5.7) to request for
thread configuration parameters which are eventually received by IMXP$INIT:
CONF (module number EQ$IP$MDT:IPP_INIT). These addressed packet formats are
described in Section 5.7.3. When a thread is configured, call is set up for
the thread if it is specified as a leased-1ine connection.

After tables of configuration parameters are built by this submodule, it
is used by the IP Configuration Control Module for configuration reads or
updates (see Section 6.2).

The configurable parameters for an I/MXP as a whole are the following:

- Port generic type

- Port sub-type

- Speed

- Mode (normal/local loopback/remote loopback)

- Control field extension (Extended ARQ sequencing)
- Processor loading threshold

- Buffer utilization threshold

- Frame receive error rate threshold

- Retransmit frame rate threshold

- Statistics averaging time constant factor
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The configurable parameters for each thread are the same as the VP con-
figuration parameters for the asynchronous, BSC, and BOP threads except that
a new parameter 'Slot Weight' is added.

6.19.2.2 Line Layer Protocol Handler Submodule (IMXP$LINE:)

This submodule has the complete control over the 1line communications
section hardware of the I/MXP. Entry to this submodule is via an interrupt
for which the IPOS @9 gives control to IMXP$LINE:IRQ.

Entry Point - IMXP$LINE:IRQ

~ After determining the cause of the interrupt, this routine calls one of
the following three routines whose functions are described in the subsequent
subsections. _

1. Line Transmitter Controller
2. Line Receiver Controller
3. Modem Signal Change Handler

1. Line Transmitter Controller (IMXP$LINE:XMT)

This routine is called by IMXP$LINE:IRQ if the interrupt was origi-
nated by the 6854 transmitter.

For each transmitter interrupt, a character is read and transmitted
from the current byte queue. If the current byte queue is empty,
the processing depends on whether there is a slot byte queue
enqueued in a chain. If there is one, the routine makes it the cur-
rent slot byte queue, and reads and transmits its first character.
If there is none, the frame is terminated. As a character is trans-
mitted it is also put into the frame byte queue if it came from a
chained byte queue in order to save the frame byte queue in the most
compact form.

The Line Transmitter Controller transmits all user data collected up
to the time when it gets to the thread; therefore, delay is mini-
mized.

When there is no more character in the frame, the routine terminates
the frame and disables further transmitter interrupts by controlling
the 6854 transmitter. Then the pointer to the slot byte queue chain
is saved in the transmit frame byte queue header, and the ARQ Trans-
mitter task is fast-forked.
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2.

Line Receiver Controller (IMXP$LINE:RCV)

Called by IMXP$LINE:IRQ if the interrupt was originated by the 6854
receiver, this routine first checks the cause of the interrupt.

If it is a Receiver Data Available interrupt, a byte is retrieved
from the 6854 receiver and placed in a receive frame byte queue
which is being assembled. If the interrupt is due to an end of a
frame, the receive frame byte queue is enqueued to the input job
queue of the ARQ Layer Receiver task and it is forked if it is not
already active.

However, if the frame is aborted or received with a bad FCS, the
receive frame byte queue is just returned to the free buffer pool.
Thus, the Line Receiver Controller passes only good frames to the
ARQ Layer Receiver task.

The reception of a Remote Reset command, which is a special abort
frame (see Codex Multiplex Protocol Specification), causes an inter-
rupt with the postamble command byte saved in the Remote Loopback
Register. This is used to recognize any change of normal/lopback
mode in the MUX link.

Modem Signal Change Handler (IMXP$LINE:MODEM)

A1l the input modem signals, DSR, DCD, and CTS, are to be strapped
high so that none of those signals would cause an interrupt. The
recovery from a temporary link-down condition can be done under the
Multiplex Protocol.

Therefore, the Auxiliary Control Signal (ACS) register interrupt
will be trapped.

6.19.2.3 ARQ Layer Protocol Handler Submodule (IMXP$ARQ:)

This submodule is responsible not only for maintaining information trans-
fer but also for setting up the MUX link according to the Multiplex Protocol.

There are two ARQ layer protocol handling tasks, one for each direction:

1.
2.

ARQ Layer Transmitter Task
ARQ Layer Receiver Task

The functions of these are described below:

Rev. 3
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1.

2.

Rev. 3

ARQ Layer Transmitter Task (IMXP$ARQ:XMT)

This task is fast-forked either by the ARQ Layer Receiver task when
a Supervisory frame (S-frame) or Unnumbered frame (U-frame) needs to
be transmitted or by the Line Transmitter Controller routine when a
frame has been transmitted.

When the task is started, it takes the previous frame's byte queue
from the transmit frame pointer and tests its control byte. If it
is an S or U-frame, the byte queue is destroyed. If it 1is an
I-frame in the normal information transmit state, it is enqueued to
the retransmit queue and the chained slot byte queues are destroyed.
However, if it is an I-frame in the information retransmit state
nothing is done to the frame.

If there is an S or U-frame to be transmitted, or an I-frame to be.
retransmitted, the ARQ transmitter task removes it from the frame
queue, sets up correct control (C) field, and and places its pointer
in the transmit frame pointer. Otherwise, it creates a new frame
byte queue, puts an I-frame header, and calls MUX transmit. Then it
chains the first slot byte queue to be transmitted to the transmit
frame byte queue.

After the pointer to the frame has been set up for the Line Trans-
mitter Controller, the 6854 transmitter interrupt is enabled.
Finally, the ARQ transmitter task is terminated. '

ARQ Layer Receiver Task (IMXP$ARQ:RCV)

This task is forked by the Line Receiver Controller when a receive
frame byte queue is enqueued to its input job queue and the queue
was previously empty.

When started, it dequeues a receive frame byte queue from the top of
its input job queue and processes the A and C fields by feeding the
ARQ Layer Transmitter task with received ARQ information and also by
controlling the MUX link as needed. A FRMR frame is fully processed
by this task, resulting in a transfer to the link set-up state.

If the frame is either an S or U-frame, it is completely processed
by the task and the byte queue is returned to the free buffer pool.
If an S or U-frame needs to be transmitted in response, an S or
U-frame byte queue is generated and enqueued to the S and U-frame
input job queue of the ARQ Layer Transmitter task. At this time the
ARQ Layer Transmitter task is forked.

If the received frame is an I-frame, however, it is passed to the
MUX Layer Receiver task by enqueuing the receive frame byte queue to
the input job queue of the MUX Layer Receiver task and forking it.
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6.19.2.4 MUX Layer Protocol Handler Submodule (IMXP$MUX:)

There are 4 MUX Layer protocol handling tasks:

1.
2.
3.
4.

MUX Layer Transmitter Routine

MUX Layer Receiver Task

MUX Layer Control Transmitter Task
MUX Layer Control Receiver Task

The functions of these tasks are described below.

1.

Rev. 3

MUX Layer Transmitter Routine (IMXP$MUX:XMT)

MUX Layer transmitter is called by the ARQ Layer Transmitter task
whenever a frame may be sent. It first writes the MUX layer control
byte, and copies a control slot command from the MUX Layer control
slot byte queue if there is any to be transmitted, then returns to
the caller.

MUX Layer Receiver Task (IMXP$MUX:RCV)

This task is forked by the ARQ Layer Receiver task when a received
I-frame has been already processed for the A and C fields.

If a MUX layer control slot is present in the frame, it is enqueued
to the receive MUX layer control slot byte queue and the MUX Layer
Control Receiver task is forked unless it is already active.

Then the task calls the Connection Layer Receiver routine to process
all supervisory and user slot data in the frame.

The task terminates when there is no more received I-frame byte
queue to process.

MUX Layer Control Transmitter Task (IMXP$MUX:CTRL_XMT)

When an I/CTP in a 6050 network needs to read or write information
such as configuration parameters, statistics, or statistics thresh-

olds maintained by a TP connected to the remote MXP, it may send an
addressed packet to this batch task.

The task retrieves an addressed packet from its input job queue, con-
verts it to a MUX layer control slot command (see Appendix A of the
Codex Multiplex Protocol Specification), and then enqueues it to the
input job queue of the MUX Layer Transmitter routine.
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The I/MXP is always a controlling unit since the MUX layer control
interface is implemented only for a MXP of a lower-level 6000 series
INP. Therefore, the task only needs to Transmit commands.

The task runs in a half-duplex mode in the sense that the response
must be received by the MUX Layer Control Receiver task for a
transmitted command before it transmits another command.

However, if the response is not received within 20 seconds, the task
will effectively discard the previous command and send a new one.

4, MUX Layer Control Receiver Task (IMXP$MUX:CTRL_RCV)

Forked by the MUX Layer Receiver task, this task dequeues the next
MUX layer control slot response from its input job queue.

The task checks whether the response in the MUX layer control slot
is the one that is expected. If it is the correct response, the
task routes a response AP to the source node/port of the original
command, and then forks the MUX Layer Control Transmitter task to
transmit another command, if there is any, before the task termi-
nates itself. If the response is not the correct one, it is dis-
carded, and the next MUX layer control slot response is dequeued
from its input job queue. If there is none, the task terminates.

For the relationship between any two Multiplex Ports of different
systems, refer to the Single Line Interface Functional Specifica-
tion.

6.19.2.5 Connection Layer Protocol Handler Submodule (IMXP$CONN:)

This submodule performs multiplexing and demultiplexing of the individual
data threads between the Multi-Threaded Data Movement module (MTDM) and the
MUX layer. It is also responsible for using CMI to establish and terminate
calls in response to state transitions in the individual threads.

Connection layer is implemented as a family of coupled finite state
machines. State information is shared in a common table called the Thread
Data structure. There 1is one thread data structure for each thread
supported. Due to space restrictions and the added complexity that would be
introduced by providing multiple slot groups, there may be no more than 31
slots i; the MUX port. Therefore, all slots are assumed to be in slot group
number #.

It is a functional requirement of the MUX port that it provide a mapping
between the 6050 Circuit Control Signals (CCS) and the In-Stream Control
Codes (ISCC) used in the Multiplex Protocol. This mapping is shown below.
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IsCC | ccs
User Data (D) (== (D) if Xx'g2* < (D) < X'FF'
(X'FF') C=mm> (X'FF', X'82")
Control Signal Update (CSU) (=== Modem CCS
(X‘Oll, (XIFFI’

| 0T O[O [T [*[MBJRIS|JDIR|) | 0OJOJOJOJOJRI]DCD]JDSR]|)

where * means that the bit is not used.

The bit correspondence between the two modem signals are:
DTR <--=> DSR
RTS <---=> DCD
MB  <---=> RI
But,
(x'o1r', {am=d (X'FF', X'80")
[ 0JO0JO0JI[*[010]0])

Data Path Initialization (DPI) <--- Call Termination CCS
(x*o1', x'20') (X'FF', X'83')

When a DPI is received from the remote MXP, it is discarded and a DPIA is
transmitted back to the remote MXP for the data path. (Call Termination
CCS has been already generated within 6050 network due to the prior recep-
tion of CSU for DTR down for auto-dial, dial, or contention call option.)

Data Path Initialization ——— Discarded
Acknowledgement (DPIA)
(x'o1', x'30')

Control Signal Update -—=> Processed and discarded
Request (CSUR)
(x'ol', x'40')
Start Break -—=> Break for 500 msec
(x'o1', x'70') (X'FF', X'93', X'FF', X'92')
Stop Break -—=> Discarded
(x'o1', Xx's0')
Rev. 3 D814 System Software Manual Rev. 3
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Break for n-character time {--=> Break for a time period

(x'01', X'7n") ' (X'FF', X'9ny', X'FF', X'9n2')

(n1, n2) makes an integer in
10 msec units.

Autospeed Initialization {a==> Autospeed Initialization CCS
(x*o1', X'An') (X'FF', X'An')

Escape Output {===> X'01' as data
(x'o1', x'01') (x'o1")

There are some other ISCC's that are required to support BOP data traf-

fic.

They are not listed above since they are not specified yet.

There are two routines in this submodule that are described below.

1.

Rev. 3

Connection Layer Transmitter Routine (IMXP$CONN:XMT)

As the MTDM outbound interface, the routine is responsible for
receiving characters from MTDM, translating CS strings to ISCC
strings where necessary and placing them onto either the thread slot
hold byte queue or a thread slot-weight overflow byte queue.

If additional characters may not be placed in the current slot byte
queue because of flow control, or if a slot flow-control overflow
byte queue already exists for the thread, the character or string is
placed on the slot flow-control overflow byte queue, which will be
created if it does not already exist. If the slot weight is over-
flowed, a new byte queue is created and chained to the previous slot
byte queue. In a critical section it tests for the presence of a
slot hold byte queue pointer in the thread data structure, creating
one if none is present. It then updates the count field of the slot
and places the character in the slot's byte queue. The protocol
requirement that slots may have one or two byte headers is hanbdled
by setting the get-byteand read bytepointers of the slot byte queue
to the second byte of the byte queue when the byte queue is created,
then moving them back to the first byte when the count reaches 8.
To avoid prolonged interrupt-masked operation, the critical section
will be broken wherever possible by "windows". When the CCs string
'"FFFF' is received, it is immediately acknowledged by a call to
IPSFLOWSXMT : ACK.
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2.

Rev. 3

Connection Layer Receiver Routine (IMXP$CONN:RCV)

Connection Layer Receiver is called by MUX Layer Receiver whenever a
frame is available to be demultiplexed. It is implemented as nested
state machines. The outermost state machine breaks up the frame
into slots and associates each slot with a thread. Long and short
form slots are decomposed into one byte input tokens to one of the
two inner state machines. Supervisory slots are similarly decom-
posed to feed the other state machine.

The data slot state machine is responsible for call management and
for the ISCC to CCS mapping. It also authorizes flow from the
remote MXP. For connections other than leased line, call management
is actuated by the state of DTR in the-IModem ISCC. For contention
connections, this may be caused at the remote end by a DTE respond-
ing to ringing on the RI pin. For auto-dial connections, it will be
caused by application of power to the remote modem or terminal. TP
dial will be supported as per the I/MATP design specification.

Flow control for received data streams is based on an authorization
mechanism. It is a goal to try to keep the number of characters
authorized for each thread at any given time greater than the number
of characters of delay imposed by the physical link, so as to pre-
vent the loss of effective bandwidth caused by forcing the remote
port to wait for additional authorization. On the other hand, it is
necessary to prevent a single VP from degrading port performance by
committing more buffers than it can reasonably consume. Therefore,
flow control strategy calls for allowing each VP to authorize a part
of the free pool proportional to its speed relative to the sum of
the speeds of the virtual ports, but limited to second link delay
(to cover the worst case of 2-hop satellite link).

When FCA's are received, if there are any characters on the thread's
slot flow-control overflow byte queue, characters are moved to the
thread's slot hold byte queue or a slot-weight overflow byte queue
until flow control authorization is again exhausted.
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6.19.2.6 Call Manager Interface Submodule (IMXP$CMI:)

The Call Manager Interface is responsible for communication between the
Connection Layer and the Call Manager. It consists of utility subroutines
for creating and terminating calls, and an addressed packet handler.

The utility subroutines, IMXP$CMI:CRECALL and IMXP$CMI:HANGUP respec-
tively build and send Create Call and Hangup addressed packets to the AP
routing module.

The Call Addressed Packet Receiver Task IMXP$CMI:AP_RCV is started by
IPOS @ when an addressed packet is received for the thread. It dispatches on
the following addressed packets:

1. Call Created

Call Created packets cause CMI to initialize the thread and send a
modem ISCC to the remote MXP.

2. Call Request

Call Request addressed packets result in call acceptance for avail-
able lines in leased 1ine ports if the calling node is the same as
the configured partner. The same holds for auto-dial; however, if
DTR 1is down, RI is raised five times for 3 seconds, with 6 seconds
between rings. For contention ports, it does not check calling
address against a configured value.

3. Call End

Call End addressed packets cause the thread to be reset, and the
port set to a waiting condition.

6.19.2.7 Statistics and Monitoring Submodule (IMXP$SM:)

This submodule is responsible for monitoring the performance of the I/MXP
and reporting it to the Network Report Port as any exception condition
arises. It works with the Statistics and Monitoring module (IPP9$SM$) by
providing I/MXP-specific monitoring and statistics-gathering functions.

Toward that end, the following statistics-gathering operations are
embedded in the Protocol Handling Submodules within the I/MXP Protocol
Module.

1. In the Line Transmitter Controller (IMXP$LINE:XMT)

1. Number of bytes transmitted.
2. Number of frames transmitted.
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2.

3.

When
based on

l..

4.

5.

In the Line Receiver Controller (IMXP$LINE:RCV)

1. Number of bytes received.
2. Number of frames received.
3. Number of frames received with bad FCS.

In the ARQ Layer Transmitter Task (IMXP$ARQ:XMT)

1.  Number of frames retransmitted.

In the Connection Layer Transmitter Routine (IMXP$CONN:XMT)
1. User data bytes transmitted.

In the Connection Layer Receiver Routine (IMXP$CONN:RCV)

1. Number of bytes received for each thread.

called by IPP9$SMSUPDATE task, IMXP$SM$MON computes the following
the last monitoring period.

Error density (Receive Frame Error Rate) - The ratio of the number
of frames received with bad FCS to the total number of frames
received, multiplied by 100%.

Retransmit Frame Rate - The rate of frames being retransmitted in
frames/sec.

Thread Compression Efficiency - The ratio of the number of input
nibbles to the number of output nibbles of the adaptive data com-
pression, multiplied by 100%. This is calculated for each active
thread.

Thread Statistical Loading - The ratio of the number of bits
received to the maximum number of bits which could be received,
multiplied by 100%. This is calculated for each active thread.

Thread Compressed Loading - The ratio of the number of bits result-
ing from the adaptive data compression to the maximum number of bits
that could be received (derived from the configured VP speed), multi-
plied by 100%. This is calculated for each active thread.

The results of the above calculations are compared to their respective
thresholds which have been obtained as configuration parameters during the
port initialization. If any threshold has been exceeded, a monitoring report
addressed packet is constructed and sent to the Network Report Port. The
monitoring of the Port Processor Loading and Buffer Utilization is done by
IPP9$SMSUPDATE task.

Rev. 3
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When called by IPPI$SM$STAT:TASK, IMXP$SM$STAT appends the above statis-
tics (1 and 2 for the port, and 3, 4, and 5 for a thread) as well as the
following (for the port only) in the current statistics report addressed
packet.

1. Statistical Loading - The ratio of the number of bits received to
the maximum number of bits which could have been received by the
6854 receiver, multiplied by 100%.

2. Transmit Frame Rate - The rate of frames being transmitted in
frames/sec.

3. Receive Frame Rate - The rate of frames being received in frames/
sec.

4., Traffic Density - The ratio of the number of user data bytes trans-
mitted to the total number of bytes (user data bytes + overhead
bytes) transmitted, multiplied by 100%.

5. Retransmit Queue Size - The average number of frames in the retrans-
mission queue.

Since there is no pre-allocated retransmission buffer space, the Retrans-
mission Buffer Utilization as specified in the Codex Multiplex Protocol can-
not be calculated. Instead, the statistics for the average Retransmit Queue
Size has been added.

6.19.3 Overview of Data and Program Control Flow

Finally, a pictorial overview of the data flow and program control flow
in an I/MXP is presented below.
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