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HOST INTERFACE LINES

The host-Transporter interface lines are TTL compatible
and have the characteristics described below.

Address Lines -- The Transporter selects the byte of host
memory to write to or read from during a DMA cycle
through 24 address lines. When the host computer is
driving the address lines (no DMA cycle in progress), the
Transporter ignores them.

Data Lines -- Eight bidirectional DATA lines are used for
reading data from host memory and writing data to host
memory.

DMA Control -- Three lines are provided for control of
DMA transfers to and from host memory:

DMA REQUEST line (DMARQ) from the Transporter.
DMA GRANT line (DMAGO) from the host.

DMA DIRECTION line (IN/OUT) from the Transporter,
driven high or low depending on whether it is writing
or reading.

Command Control -- The two-wire handshake that formalizes
the transfer of each command vector address byte from
host to Transporter uses two interface lines:

READY line from the Transporter.
STROBE line from the host.

Interrupt -- the Transporter may notify the host of a
change in command status through one interrupt line. The
Transporter generates a low going pulse on the interrupt
line whenever it modifies the return code.

For information on the electrical and timing

characteristics of the host/ Transporter interface lines,
see the Omninet Circuit Description manual.
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THEORY OF OPERATION

This section describes three aspects of Transporter
operation: host command reception, DMA overrun detection,
and the sequence of events when a Transporter is powered
up.

COMMANDS FROM THE HOST

The host initiates commands by sending a three byte
vector address to the Transporter. The transmission of
each byte occurs through a dummy DMA cycle. There is
also a two wire handshake associated with each address
byte (see the section "Command Mechanism" in Chapter 3
for more details). The handshake control logic is
contained in the monochip. A one byte buffer that
handles each address byte in succession is contained in
random logic.

DMA OVERRUN DETECTION

In unbuffered Transporters, it sometimes happens that one
DMA cycle is not finished before a second one must begin.
This event is known as a DMA overrun. Where DMA overruns
occur with sufficient frequency, a buffered Transporter

is used. However, a certain number of DMA overruns can

be tolerated by an unbuffered Transporter so long as the
Transporter is equipped with overrun detection circuitry.

Two basic types of DMA overruns can occur in an
unbuffered Transporter. In the first case, DMAGO, the
signal from the host, does not return high to indicate
the end of a DMA cycle soon enough. During message
reception or transmission, new DMA cycles must begin
every 7.25 microseconds in order to keep up with the 1
megabit per second data transmission rate. This leaves
only 5.9 usec for execution of the half of the DMA cycle
involving the host memory. Thus, if DMAGO does not
return high to latch in a DMA'd data byte within 5.9 usec
of the time that DMARQ went high to initiate the host
DMA, the byte will be lost.

The second type of DMA overrun occurs when DMAGO fails to
go low to allow a requested DMA operation within 5.9
usec, and the data byte to be transferred never gets onto
the bus. As in the case above, the data byte is lost.
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The possibility of DMA overruns of either type requires
some kind of DMA overrun detection mechanism to let the
6801 processor know that an overrun has occurred. Once
the processor is informed that an overrun has occurred
and, therefore, that data has been lost, it makes a
graceful recovery. If possible, the processor begins the
transfer of the data block again. However, in the case
of a message received from a distant Transporter, the
processor must wait for the sending Transporter to repeat
its transmission. The processor insures a retransmission
by not acknowledging the first message attempt. Only if
the sending Transporter's retry count has been exceeded
will the message not be retransmitted. In any case, even
if the message is not repeated, the host will never know
that a breakdown occured.

Overrun detection circuitry is included on all
Transporters that run the risk of occasional DMA
overruns. The circuitry functions by generating an
overrun signal on a special overrun line whenever DMAGO
fails to return high within 5.9 usec of the initiation of
a DMA request or when DMAGO fails to go low in the first
place. In either case, the signal travels to the ADILC
chip, where continued message transmission or reception
is blocked. This interrupts the 6801 so that it can take
the required action and prevent the generation of the
next clock pulse, which would begin the next DMA cycle.

There is one potential problem with the inclusion of
overrun detection circuitry on an unbuffered Transporter.
When the overrun circuit is triggered, the configuration
of the Transporter changes from that which exists during
normal host DMA cycles. This means that if the DMA cycle
is complete (DMAGO returns high) after the triggering of
the circuit, the DMA'd data byte may be written to an
unexpected location within the Transporter. This can
cause the Transporter to freeze and the only solution
will be to reboot the host.

Thus, overrun detection circuitry should only be included
on a Transporter when it is certain that the host will be
able to complete all DMA cycles before a change in
Transporter configuration occurs. In practice, this
means that all DMA cycles must complete within 12 usec of
the DMA request. If it is possible that the host will
take longer than 12 usec to complete a DMA cycle, a
buffered Transporter must be used.
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POWER-UP

When a network device is powered up, a number of
initializations and error checks must be made to ready
the device to accept user commands. The procedure is
identical to that performed by a Transporter on reception
of an Initialize command from its host with the exception
that, on power-up, the host node number is not returned
to the host, as no return code location has been
designated. The Power-Up/Initialize routine is standard
for every Omninet Transporter and is part of the
Transporter operating program. The procedure that the
program follows is outlined below.

1. Read address switches to discover own network
address. Save the result in 6801 RAM.

2. Turn on Transporter card LED.

During normal operation, the LED flickers whenever
the Transporter is transmitting a packet.

3. Initialize ADLC chip.

The ADLC chip must be put into the proper operating
mode to handle packet transmission and reception.

4. Mark receive sockets as inactive.

Since no Setup Receive command has yet been issued,
the sockets must indicate that they are not prepared
to receive messages.

5. Zero all internal counters and the parity table.

Because this Transporter has not yet communicated,
the event counters should all register zero. The
parity table entries must also register zero to
ensure synchronization with other parity tables.

When this Transporter transmits its Sync packets, the
appropriate entries in distant Transporters' parity
tables will be zeroed.
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6. Check integrity of the program in the 6801 ROM. This
program is the one currently running.

The ROM check determines if data in the ROM has been
altered or destroyed. The check sums the bytes of
the ROM and examines the low byte of the result. 1If
the ROM is intact, this byte will be zero.

7. If ROM is intact, turn off Transporter card LED.
Otherwise, stop executing code and keep the light on.

8. Initialize internal variables.
9. Enable packet reception by the ADIC.

10. Send out Sync packets onto the network.

Sync packets tell receiving Transporters to zero the
sending Transporter's entry in their parity tables.
Zeroing insures synchronization of parity tables for
use in duplicate packet detection.

Eleven Sync packets will be sent on a power-up or
initialization. The Transporter arrives at 11 by
adding one to the maximum number of retries value,
which will always be set to the default, ten, at
power-up or initialization.

During Sync packet transmission, and all other packet
transmissions, the LED flickers.

11. Go to main program loop; wait for a host command or
incoming packet. -

At this point the initialization procedure is complete.
The Transporter remains at step 11 until some external
event requires its attention. When some such event does
occur, the Transporter executes the appropriate code to
enable it to deal with that event and then returns to the
wait state.
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|
ANATOMY |

OF A PACKET | A

This appendix illustrates packet generation and packet

reception, showing the source of packet components and the
intended receivers.

PACKET GENERATION

During the transmission of a packet, the various portions
of the packet originate from different sources within the
transporter and host. The diagram below indicates the
source of each packet element.

SOURCE:
HgeEs :
Leadin railing
Flagg CRC Flags
MC6801:
Message
Header
Host:
User Control User Data
di Message Trailing
Le?:'alrg\g Header | User Control User Data CRC Flags

Packet Generation
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PACKET RECEPTION AND INTERPRETATION

During packet reception, the various parts of the
transporter and the successive levels of user-defined
communications protocols examine some packet fields and
ignore others. Those fields that each level examines
are usually stripped from the packet at that point and
the remainder of the packet is passed on to the next
higher level. The diagram below illustrates the view
that each part of the transporter and each protocol
level takes of a packet. The ADLC and MC6801 breakdowns
are the same for all packets, but the higher level
breakdowns are those of a fictional user protocol.

Hesuer

LevelC g::n‘ﬁee . T‘".'l."iy';,'e' Length Data (a stream of characters)
Virtuali Circuit Header
Connection Sequence i Data Stream
Level B D, Numbe: Credits Type Data

inte:net Datagram Header

Level A Dest] Pest | Dest Source Source | Source |Packet] Uen.
Net | ‘iost | Process Net Host | Process TYD’| vata

-l ——

TRANSPORTER

LEVELS
MCE801 OMNINET
View Message Header User Control User Data j
chwC Flags 2:;:333 Data CRC | Flags

Packet Reception and Interpretation
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THE APPLE II TRANSPORTER B

The Apple II communicates with its Transporter by first
formatting a command vector and then sending the command
vector address to the Transporter through the use of one
control register. This control register is referred to as
the Command Address Register (CAR). When the command is
completed, a return code is placed in the result record. The
address of the result record is specified in the command
vector.

The CAR is an 8-bit register. Its address is determined by
the slot in which the Transporter is installed as shown in
the chart below. Apple II I/O space is memory mapped so
the addresses below are normal memory addresses and not I/O
addresses.

CAR ADDRESS

8SLOT

NUMBER Hexadecimal Decimal Decimal
l C090 49296 -16240
2 COAO 49312 -16224
3 COBO 49328 -16208
4 C0Co 49344 -16192
5 CODO 49360 -16176
6 COEO 49376 -16160
7 COFO0 49392 -16144

The sign bit of the CAR is the Transporter READY bit (RDY).
When set, this bit indicates that the Transporter is ready
to receive the next address byte of the three byte command
vector address. To issue a command to the Transporter, this
address must be given to the Transporter one byte at a time.
Every time an address byte is placed into the CAR, the RDY
bit of the CAR goes low and the next byte cannot be sent
until the RDY bit returns high again.
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The three byte address is sent with the most significant byte
first. For the Apple II the first byte is always zero since
the Apple II address space only requires two address bytes.

S8OFTWARE NOTES

While the Transporter is receiving a packet from the network,
it cannot process a byte moved into the CAR, so the RDY bit
of the CAR remains low until the Transporter can process the
next byte. This leads to a situation where a software I/0O
driver may have to wait up to several milliseconds before
the RDY goes high again.

Since the Apple II processor does not support interrupts, the
communication program should periodically check the return
code for a change in value. As it is conceivable, though
highly improbable, that the Transporter could be modifying
the return code at the same moment that the processor is
viewing it, the processor should check the code a second time
after detecting a change. This will insure that the
processor sees the correct code value rather than a
mid-change garble.

Until the command has been completed, as indicated by the
return code, no additional data should be placed into the CAR
by the sending computer. Additional data should not be

placed because the Transporter will process only one command
at a time.

The Apple II Transporter is unbuffered. Data transfers with
host memory take place through DMA and do not disturb the
processor. There is no DMA overrun detection circuitry on
the Apple II Transporter because host memory is sufficiently

fast that it is not needed. A boot ROM is provided with the
Transporter.
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I

I
THE CONCEPT TRANSPORTER | C

|

I

The Concept Transporter is a normal DMA Transporter which
supports interrupts. Interrupts arrive at priority three.
After an interrupt arrives, the host must reset the interrupt
mechanism before another interrupt can happen. Interrupts
are reset when the processor performs a write operation to
any address between 030FCl and 030FDF. The contents of the
write are unimportant.

A potential problem exists when several Transporter
operations are pending concurrently. If two commands are
completed within a short time of each other, it is possible
that the processor will not have a chance to reset the
interrupt mechanism between the two command completion
interrupts. To avoid this eventuality, the processor should
check the values of all the outstanding return codes before
returning from the interrupt subroutine. If any of these
return codes indicates that the associated command has also
beeg completed, the processor can then take appropriate
action.

Concept I/0 space is memory mapped so all I/O addresses are
simply standard memory addresses. This includes those given
above for interrupt resets.

To issue a command to the Transporter, the processor must
write the command vector address, byte to byte, to any
address between 030FAl and 030FBF. Between each byte write,
the processor must check the Transporter READY bit. This is
bit 0 of address 030F7F. Bit 0 high indicates that the
Transporter is ready to accept the next byte of the command
vector address into the CAR.

A boot ROM is included on the Concept Transporter.
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|
THE IBM PC TRANSPORTER | D

|

I

There are two versions of the IBM PC Transporter. The
earlier version is a buffered Transporter that does not
support interrupts. The new version does support interrupts
and uses a buffered gate array. The new version is backwards
compatible with the earlier version, and it can also be used
as the TI Professional Transporter. The functions described
below are the same for the TI, but the jumper at location E2
must connect B and C to map the PROM to the F6000-F6FFF
space.

Both the new and the old version of the Transporter have a
boot ROM that extends from host CPU address DFO000 to address
E0000. The ROM utilizes the first 1024 bytes of the 4K
buffer RAM and must have exclusive use of this area. The
host should not place command vectors or other command
information in this section of this buffer.

All processor read and write operations to and from both
versions of the IBM PC Transporter take place through the I/O
ports. The following is a list of the possible processor
actions and the I/O ports to which they should be directed:

Read and Write Operation I/0 Port
Read Transporter Status Byte 0248
Read RAM 0249
Read RAM; then increase the Counter by 1 024B
Read the Counter lower byte 024A
Write to the CAR 0249
Write the Counter High Byte 0248
Write the Counter Low Byte 024A

Write to RAM; then increase the Counter by 1 024B

All read and write operations directed at the RAM occur at
the address to which the counter is currently pointing. The
counter is subsequently increased only for those commands
which specify a post-increment.
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Bit 7 of the Transporter status byte is the READY signal.
Bit 7 high indicates that the Transporter is ready to accept
the next byte of the command vector address into the CAR.

For the new version, the following interrupt support and
jumper options are also available:

Interrupt Operation I/0 Port
Disable Omninet interrupts 024cC
Enable Omninet interrupts 024E
Clear current Omninet interrupt request 024D

(All three operations can be done by
reading or writing with meaningless data)

Interrupt status (bit 4 set=interrupt pending) 024F
(bit 5 set=interrupts enabled)

Jumpers for interrupt selection (Location El)

IRQ2 - A to B (default, must be cut to change)
IRQ3 = C to D
IRQ4 - E to F
IRQ5 - G to H
IRQ7 - J to K

Jumpers for PROM mapping (Location E2)

PROM at DFO000-DFFFF - A to B (Required for Corvus
IBM PC software)

PROM at F6000-F6FFF - B to C (Required for use with TI)

PROM not selected =~ Remove jumper

ROM SERVICES

There are four separately executable routines contained
within the IBM Transporter ROM. Each routine is initiated by
a standard 8086 intersegment long CALL to one of the four ROM
entry points. The four routines and their entry points are
as follows:

COLDSTART - DF000
WARMSTART - DF003
1/0 - DF006
DUMMYRET - DF009
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The COLDSTART routine initializes the Transporter card,
locates a disk server on the network, loads the Constel-
lation II boot program from the disk, and transfers control
to that program.

The WARMSTART routine initializes the Transporter card.

The I/0 routine performs one of a number of services
depending on the contents of the AH register at the time the

routine is entered. The I/O services are discussed in detail
below.

The DUMMYRET routine performs a dummy interrupt return.

I/0 SBERVICES

There are six I/0O services. The contents of the 8086 AH
register at the time of entry to the I/0 routine determine
which service is performed. However, before any I/0 service
is requested, the host must call the WARMSTART routine. The
I/0 services will not function until the WARMSTART routine
has been executed. COLDSTART calls WARMSTART, though, so the
host need not make a separate WARMSTART call if the host used
the ROM to boot. Each I/0 service is described below.

Identify Interface: (AH) = 00
Contents of 8086 registers on entry:
(AH) = 00
Contents of 8086 registers on exit:
(AL) = 00
(AH) = Omninet node number of the Transporter (if the
node number is unique)

= FF (if a second Transporter exists on the
network with the same node number)
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Transmit Data to the Drive and Accept a Response: (AH) = 01

Contents of 8086 registers on entry:

(2H) = 01

DS: (SI) = address of data to send to drive

ES: (DI) = address of buffer to receive data from
drive.

(CX) = number of data bytes to send to the drive
(maximum = 530)

(DX) = number of bytes expected back from the
drive excluding the return code (maximum =
530)

(AL) = network address of disk server

(BL) = number of timer units to wait for a reply
from the disk server. 00 = do not abort;
wait forever. (a timer is approximately .86
seconds)

(BH) = number of transmit tries. 00 = 255 tries.

FF = try until successful. Should be
greater than 0.

Contents of 8086 registers on exit:
(AL) = return code from the drive. FF = aborted.
(CX) = number of bytes received from the drive
including the return code.

Transmit Data to a Network Server: (AH) = 02

Contents of 8086 registers on entry:

(AH) = 02

ES: (DI) = address of data to transmit

(CX) = number of data bytes to transmit

(AL) = network address of server. FF = broadcast
to all -servers.

(BH) = number of transmit tries. For broadcasts,

(BH) = number of times to transmit the
data.

Contents of 8086 registers on exit:

(AL) = 00 (transmit successful)
= FF (transmit aborted)
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Transmit Data to a Network Berver and Accept a Response: (AH) 03

Contents of 8086 registers on entry:

(AH) = 03
DS: (SI) = address of data to transmit
ES: (DI) = address of buffer to receive data from

server.

(CX) = number of data bytes to transmit
(maximum = 530)

(DX) = number of data bytes expected from the
server (maximum = 530)

(AL) = network address of server. FF = broadcast
to all servers.

(BL) = number of timer units to wait for a reply

from the server. 00 = do not abort; wait
forever. (a timer unit is approximately
.86 seconds)

(BH) = number of transmit tries. 00 = 255 tries.
Should be greater than 0.

Contents of 8086 registers on exit:

(AL) = 00 (transmit successful)
= FF (transmit aborted)

Find any Disk S8erver on the Network: (AH) = 04
Contents of 8086 registers on entry:

(AH) = 04

(BL) = number of timer units to wait for a reply from
a disk server. 00 = do not abort; wait forever.
(a timer unit is approximately .86 seconds)

(BH) = number of tries. 00 = 255 tries. Should be
greater than 0.

Contents of 8086 registers on exit:
(AL) = 00 (operation successful)
= FF (operation unsuccessful)

(AH) = network address of the disk server that
responded.
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Send a Write Command to the Drive: (AH) = 05
Contents of 8086 registers on entry:
(AH) = 05

DS: (SI) = address of command block to send to drive
ES: (DI) = address of data to send to drive

(CX) = length of command block in bytes
(normally 4)
(DX) = number of data bytes to send to the drive

(normally 512)

(AL) network address of disk server

(BL) = number of timer units to wait for a reply
from the disk server. 00 = do not abort:;
wait forever. (a timer unit is
approximately .86 seconds)

(BH) = number of transmit tries. 00 = 255 tries.
Should be greater than 0.

Contents of 8086 registers on exit: _
(AL) = return code from the drive. FF = aborted.

(CX) = number of bytes received from the drive
including the return code.
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|
THE NC-TRANSPORTER | E

|

l

The NC-Transporter is a buffered Transporter which functions
with both the 8001 and 8801 NEC microcomputers. When used
with an 8001, it should be plugged into an 8031 expansion
box.

The NC-Transporter has a 2K boot ROM that occupies addresses
00000h to O3FFFh and kills the microcomputer internal ROM
when enabled. The ROM can be software enabled by setting bit
5 of I/0 port 97 high, or, at reset time, by selecting the
auto boot option with the jumpers. For more information see
the NC-Transporter Installation Guide.

The NC-Transporter also supports interrupts. The interrupt
level can be selected using the Transporter jumpers.
Information on the jumpers is available in the NC-Transporter
Installation Guide. To enable the interrupt facility, the
processor must set bit 4 of I/0 port 97 high. The processor
can check interrupt status by examining bit 4 of I/O port 97.

Because the NC-Transporter is buffered, DMA overrun detection
circuitry is not needed.

All processor read and write operations from and to the NC-
Transporter take place through the I/0 ports. The following
is a 1list of the possible processor actions and the I/O ports
to which they should be directed.

Operation I/0 Port
Read Transporter Status Byte 97
Read RAM 96
Read RAM; then increase the Counter by 1 94
Write to the CAR 96

Write the Counter High Nibble,

the Interrupt Enable Bit,

and the Boot ROM Enable Bit 97
Write the Counter Low Byte 95
Write to RAM; then increase the Counter by 1 94
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All read and write operations directed at the RAM occur at
the address to which the counter is currently pointing. The
counter is subsequently increased only for those commands
which specify a post-increment.

As is clear from the list above, port 97 is used for a number
of different operatons. A clearer understanding of the
structure of port 97 may be gained from the diagram below.

1 1 1
ROM INT High Nibbie of Address Counter
ENABLE ENABLE | i |

READY
BIT

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bito

Structure of Port 97

As shown above, bit 7 of the Transporter status byte (port
97) is the READY signal. When port 97 is read, bit 7 high
indicates that the Transporter is ready to accept the next
byte of the command vector address into the CAR. When
writing to port 97, the value to which bit 7 is set is
unimportant.
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THE VT-180 TRANSPORTER F

The VT-180 Transporter is a normal DMA Transporter that
supports interrupts. Interrupts may be enabled by setting
bit 0 of address EE high. The CPU must also be running in
interrupt mode 0. After an interrupt occurs, the RESTART 8
command should be issued to the CPU.

The command address register on the VT-180 card lies at I/O
address EF. Command vector address bytes must be written to
this address.

The status port of the VI-180 card lies at I/O address EE.
Bit 7 of this byte is the Transporter READY line. Bit 7 high
indicates that the Transporter is ready to accept the next
byte of the command vector address into the CAaR.
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THE S8ONY TRANSPORTER G

The Sony Transporter is a buffered Transporter which has an
interrupt status bit that can be checked when a line time 60
HZ interrupt (or other interrupts) occur.

All processor read and write operations from and to the Sony
Transporter take place through the I/O0 port 4CH-4FH. The
following is a list of the possible processor actions and the
I/0 ports to which they should be directed.

Operation I/O Port HEX
Read Transporter status byte 4F
Read RAM 4E
Read clears interrupt status bit 4D
Read buffer RAM; then increase the Counter by 1 4C
Write to the command address register (CAR) 4E
Write the counter high byte 4F
Write the counter low byte 4D
Write the RAM; then increase the Counter by 1 4C

All read and write operations directed at the RAM occur at
the address to which the counter is currently pointing. The
counter is subsequently increased by 1 only for those
commands which specify a post-increment.

Bit 7 of the Transporter status byte is the READY signal.
Bit 7 high indicates that the Transporter is ready to accept
the next byte of the command vector address into CAR.

Bit 4 of the Transporter status byte is the INT STATUS

(interrupt status) and is set upon completion of each
Transporter command. This bit is cleared by reading port 4D.
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|

THE UNIVERSAL |
BUFFERED TRANSPORTER | H
I
|

The Universal Buffered Transporter (UBT) is a basic buffered
Transporter upon which many buffered Transporters for
specific microcomputers are built.

There is no DMA overrun detection circuitry on the UBT and in
fact no overrun detection circuitry on any buffered
Transporter. Buffered Transporters perform their DMA
operations on the buffer RAM which by design is sufficiently
fast that no overruns can occur.

The UBT does not support interrupts, and it has no boot ROM.

All processor read and write operations from and to the UBT
take place through I/0 ports. The two least significant port
address bits for each operation are determined by the UBT.

The upper 6 port address bits are defined by host-dependent
circuitry.

The following is a list of the possible processor actions and
the I/0 ports to which they should be directed. 1In the
table, "n" represents the upper six bits of the port address.

Operation I/0 Port
Read Transporter Status Byte n3
Read RAM ~ n2
Read RAM; then increase the Counter by 1 no
Write to the CAR n2
Write the Counter High Byte n3
Write the Counter Low Byte nl
Write to RAM; then increase the Counter by 1 no

All read and write operations directed at the RAM occur at
the address to which the counter is currently pointing. The
counter is subsequently increased only for those commands
which specify a post-increment.
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Bit 7 of the Transporter status byte is the READY signal.
Bit 7 high indicates that the Transporter is ready to accept
the next byte of the command vector address into the CAR.
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|
THE Z-80 TRANSPORTER | I

I

I

The Z-80 Transporter is a normal DMA Transporter which does
not support interrupts. There is no boot ROM on the Z-80
Transporter, but there is limited DMA overrun detection
circuitry.

The command address register on the Z-80 card lies at I/O
address F8. Command vector address bytes must be written
to this address.

The status port of the Z-80 card lies at I/0 address F9.

Bit 4 of this byte is the Transporter READY line. Bit 4 high
indicates that the Transporter is ready to accept the next
byte of the command vector address into the CAR.
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THE IBM PCjr TRANSPORTER J

The IBM PCjr Transporter is a buffered Transporter which does
not support interrupts. There is a boot ROM the Transporter
that extends from host CPU address DF000 to address EO0000.
The ROM utilizes the first 1024 bytes of the 4K buffer RAM
and must have exclusive use of this area. The host should
not place command vectors or other command information in
this section of this buffer.

All processor read and write operations from and to the
PCjr Transporter take place through the I/0 ports. The
following is a list of the possible processor actions and
the I/0 ports to which they should be directed.

Operation I/0 Port HEX
Read Transporter Status Byte 3F8
Read RAM 3F9
Read RAM; then increase the Counter by 1 3FB
Write to the CAR 3F9
Write the Counter High Byte 3F8
Write the Counter Low Byte 3FA

Write to RAM; then increase the Counter by 1 3FB

All read and write operations directed at the RAM occur at
the address to which the counter is currently pointing. The
counter is subsequently increased only for those commands
which specify a post-increment.

Bit 7 of the Transporter status byte is the READY signal.

Bit 7 high indicates that the Transporter is ready to accept
the next byte of the command vector address into the CAR.
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THE Z-100 TRANSPORTER K

The Z-100 Transporter is a normal DMA Transporter that
supports interrupts. It is possible, using the jumpers and
exposed pins on the 2-100 card, to select the level at which
interrupts will arrive. For details see the Z-100
Installation and Programming Guide.

Once an interrupt arrives it is necessary for the interrupt
handler software to reset the interrupt mechanism before
returning control to the interrupted program. The interrupt
is reset by writing to the Reset Interrupt Register at I/O
port FB. The contents of the write are unimportant. If the
interrupt is not reset, it will be impossible for the
Transporter to interrupt the processor again.

The Z-100 Transporter has the facility to support a boot ROM
at IC location 7, but Corvus does not supply a ROM. A
user-installed ROM is addressed using the phantom scheme to
overlay an area of memory. The user selects this address
space by using jumpers E2 through E5. The chart below shows
how to select the phantom address.

Memory Address Bit 15 14 13 12 11-0

Jumper E3 E4 E2 E5 No Jumper

Default (0XXX) 0 0 0 0 X
jumper A-B = bit low jumper A-C = bit high

For more information on ROM access, see the Z-100
Installation and Programming Guide.

The command address register on the Z-100 card lies at I/0

address 5A. Command vector address bytes must be written to
this address.
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The status port of the Z-100 card also lies at I/O address
5A. The reason that this does not create confusion is that
the host only writes to the CAR and only reads from the
status port. The read/write line from the CPU determines
which register is attached to the data lines.

Bit 0 of the status byte is the Transporter READY line. Bit
0 high indicates that the Transporter is ready to accept the
next byte of the command vector address into the CAR.

The Z-100 Transporter card includes DMA overrun detection
circuitry.
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|
THE RAINBOW TRANSPORTER | L

I

|

The Rainbow Transporter is unbuffered with no underrun or
overrun support. This means that most communication with the
Transporter is done via DMA. A DMA cycle is guaranteed to
start within 3.5 microseconds from a request so overrun or
underrun will never happen. The host passes command
addresses, controls interrupts and RESET with the help of 2
I/0 registers (address 22H-23H).

bit 1 bit 1 bit o0

RDY | | RESET | 1E

22H | | |

23H

RDY - Transporter ready to accept one byte of a command
address. A write operation does not have any effect
on this bit.

IE - Interrupt enable. When set (=1) the Transporter will
interrupt the host. It is cleared by reading in the
CAR register. This bit is cleared on power up.

CAR - Command address register. For each Omninet command a
three byte address is passed in this register (MSB
first). Reading this register will clear interrupt
requests.

RESET - When set, the RESET line to the generic Transporter
is held low and pending interrupts are cleared. This
bit is cleared on power up. Interrupts must not be
enabled until 50 micorseconds after reset cycle has
been completed.
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INTERRUPTS

The Transporter supports the DMA Controller Interrupt
normally used by the extended communication option. The
interrupt is of type 23H and uses interrupt vector 8CH. An
interrupt request is cleared by reading the CAR (address
23H).
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THE LSI-11 TRANSPORTER M

The LSI-11 Omninet Transporter contains jumpers to select the
LSI-11 control and status register (CSR) address, the
interrupt vector address, and interrupt priority. There is
also a jumper to enable/disable the bootstrap.

BOOTSTRAP

The Transporter board has a 256 word bootstrap area with a
starting address of 773000. The bootstrap sockets accept two
256 x 8 proms compatible with MMI 6309-1J or TI 74S471.
Location U23 contains the low order bytes and location Ulé6
contains the high order bytes of the bootstrap code. When
shipped, the bootstrap is enabled and contains the boot code
for a DEC RLO1l disk drive or the Corvus RLOl compatible disk
system. The bootstrap can be disabled by removing the jumper
between pins J8 and J13.

DEVICE ADDRESS

The Transporter hardware has support for a 20-bit address:;
However, an 18-bit address is normally used with Q-bus
devices. The Transporter contains jumpers to select bit 3 to
bit 12 of the device CSR address. Pins used to set the CSR
address are J1-J6 and J9-J12. Pin J7 is used as a ground. A
jumper installed from an address pin to the ground pin
results in a zero for that bit of the device address. Since
there is a single ground pin, the jumpers are installed in a
daisy-chained fashion. The CSR device address is preset to
766000 as shown in the chart that follows:
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Bit 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 Ol
Pin 1l 1l 1l 1 1 J1 J2 J3 J4 J5 J6 J9 J10 J1l J12 0 0
766000 1 1l 1l 1 1l 0 1 1 0 0 0 0 0 0 0 0 0

Bit 17-13 are implied ones and bits 2-0 are implied zeroes.
To create the preset device address of 766000, pins J1 and
J4-J12 must be jumped to the ground pin J7. This can be
performed with the following jumpers: J1-J4, J4-J5, J5-J6,
J6-37, J9-J10, J10-J11, J11-J12, and J12-J7.

TRANSPORTER COMMANDS

Chapter 3 of this manual describes the commands that can be
used with the Transporter. The LSI-11 communicates with the
Transporter by first formatting a command control block and
then sending the command control block address to the
Transporter through the use of two control registers. When
the command is completed, a return code is placed in the
result record address as specified in the command control
block. An interrupt is generated when the operation is
completed. For a detailed description of commands, control
block formats, and return codes, see Chapter 3.

CS8R = CONTROL AND STATUS REGISTER

The Control and Status Register (CSR) is a 16-bit register
with a standard address of 766000. All bits can be read or
written.

Bit 0-6 Not used

Bit 7 Interrupt Enable (IE)

This bit is set to 1 upon power up and hardware reset. If
this bit is cleared, the Transporter cannot interrupt the
processor.

Bit 8-14 Not used
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Bit 15 Transporter Ready (RDY)

When set, this bit indicates the Transporter is ready to
receive the next address byte of the three byte command
control block address. This bit is cleared when a byte is
moved into the Command Address Register (CAR).

CAR - COMMAND ADDRESS REGISTER

The Command Address Register (CAR) is a 16-bit write-only
register with a standard address of 7660002.

Bit 0-7 Command Address Byte

To issue a command to the Transporter, the three byte address
of the command control block must be given to the Transporter
one byte at a time. Every time an address byte is placed
into the CAR, the RDY bit of the CSR goes low and the next
byte cannot be sent until the RDY bit returns high again.

T?e three byte address is sent with the most significant byte
first.

Bit 8-15 Not used

S8OFTWARE NOTES

While the Transporter is receiving a packet from the network,
it will not process a byte moved into the CAR, so the RDY bit
of the CSR remains low until the Transporter can process the
next byte. This leads to a situation where a software I/0
driver may have to wait up to several milliseconds before the
RDY goes high again. Since the Transporter processes one
command at a time, the computer should not place any
additonal data into the CAR after it has issued a command
until the command has been completed, as indicated by the
command return code.

INTERRUPTS

An operation complete interrupt is generated after the
completion of each command issued to the Transporter. Before
the interrupt is generated, a return code is placed in the
address specified as the result record address in the command
control block. Two interrupts are generated for a valid
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setup receive command. The first interrupt indicates the
command was accepted and the socket is set up to receive a
message. The second interrupt occurs when a message is
received. The program should initialize the return code byte
in the result record to hex $FF before the command code block
is sent to the Transporter. When a Transporter interrupt
occurs, the program must check the return code value of each -
active Transporter command to determine which operation has
just completed.

BYTE ORDER

All Omninet addresses and lengths must be specified with the
most significant byte first and the least significant byte
last. Additionally, some addresses and lengths are not on
word boundaries.
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