


























































































































































The following lOCO is executed upon completion of the first lOCO. Command chained lOCOs 
each use their own command byte as the command to be executed. Command chained lOCOs 
will each read or write separate records. For example: a read lOCO partially reads a record 
and is command chained to another read. The following read will not read the rest of the 
record, but will start to read the next record on the media. 

Suppress incorrect length (SU,) - bit 2 

When this bit is set, it prevents the MFP channel from terminating 10CLs when an incorrect 
length indication occurs. The channel normally terminates the 10CL (breaks chaining) when 
the transfer count does not match the amount of data available on the media. Setting this flag 
causes the error condition (incorrect length) to be suppressed. Note, the remaining transfer 
count in status is not affected. This flag does not override the breaking of a data chained 10CL 
when a incorrect length indication is encountered. 

Skip (SKlP) - bit 3 

When this bit is set, it inhibits the actual transfer of data to memory. The operation is 
actually executed, except for the transfer of data to memory. The common use of the skip is in 
conjunction with data chain. The first lOCO of a pair has skip and data chin set. Execution of 
this lOCO will position the media for the following lOCO which will actually transfer data 
from within a record. 

Post program controlled interrupt (PPC!) - bit 4 

The post program controlled interrupt bit when set, causes the MFP channel to que status for 
posting upon completion of the associated lOCO. 

The status posted contains a zero byte count and only the program interrupt flag in word two. 
The first word contains the device subaddress and the associated lOCOs address plus eight. 
Note, following lOCOs may be completed before software receives this PPCI status because of 
possible delays in interrupts being handled .. 

The exact time of the PPCI is indeterminate, being dependent on the priority level assigned to 
the MFP, the number and priority level of currently active interrupts, and whether the CPU 
has blocked the sensing of interrupts. 

4.6.4 IOCD Byte Count Field 

Byte count field - (lOCO word 2, bits 16 through 31) specifies the number of bytes that 
software has requested for the transfer of this lOCO. The count is in bytes. Read, write, and 
sense lOCOs must have a transfer count of at least one or the program check status will be 
returned and the 10CL terminated. The maximum transfer count is 65535 (x"FFFF"), but 
larger transfers may be executed through the use of data chaining two or more lOCOs 
together. 

4.7 I/O Status Doubleword 

The status doubleword is maintained by the MFP. When the device and channel complete an 
10CL, or it is terminated because of an unusual condition, status is queued for posting to iO 
software. This status is returned to software through an interrupt or a test I/O (TIO) 
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instruction. After the interrupt occurs, or the TIO instruction is executed, the status pointer 
of the channels ICB points to where status was written in memory. 

The status doubleword is illustrated in Figure 4-6 and its fields are explained as follows: 

1. Subaddress - (word 1, bits 0 through 7) specifies the address of the associated 
I/O status. 

2. Real lOCO address - (word 1, bits 8 through 31) specifies the real address of the 
next lOCO in the 10CL (address of the last lOCO executed, plus eight bytes). 

3. Status flags - (word 2, bits 0 through 15) specifies the channel, controller, and 
device status resulting from the last lOCO executed. Individual status flags are 
described in Status Flag Bits, below. 

4. Remaining byte count - (word 2, bits 16 through 31) specifies the residual byte 
count of the last lOCO executed. 

4.7.1 Subaddress 

The subaddress field of status contains the device subaddress for which the I/O status is 
associated. In some cases, the status actually is associated with more than one device. 
Examples of these operations are reset controller and initialize channel. The software interrupt 
handler will normally use the subaddress field of status to locate a unique data structure for 
this subaddress. Status can then be relocated into this data structure and the interrupted 
receiver exited. 

4.7.2 IOCD Address 

The real lOCO address field of status contains the address in system memory of the last lOCO 
executed plus eight bytes. If no lOCOs are executed due to an error condition, the address 
points to the first lOCO in the list. This field can be used by software, if an error occurs, to 
help determine the lOCO that caused the error. 

4.7.3 Status Flag Bits 

The status flag bits of the status doubleword specify the channel, controller, and device status 
of the subchannel addressed by the last lOCO executed. Note that the status doubleword may 
not reflect the current status of the subchannel addressed by an SIO instruction that was 
rejected due to the reasons previously described. See Interrupt Polling Restrictions and 
Considerations. The meaning of each flag bit that is used by the MFP is described in the 
following paragraphs. 

4.7.3.1 Post Program Controlled Interrupt 

The post program controlled interrupt (PPCI) is generated when the PPCI flag is set in the 
lOCO and, either the byte count is reduced to zero (if data chaining is specified) or device end 
is signaled (if command chaining is specified). To avoid confusion as to the reason for an 
interrupt, this bit should not be used in the last lOCO of a chained 10CL. 
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S itatus W d or. 1 
I I I I I 1 

SUBADDRESS REAL lOCO ADDRESS 

I I I I I I I II I I I I I I I I I I I I I I I I I I I 1010 
00 01 02 03 04 05 OG fIT 08 09 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Status Word 2 
I I I I I I 

STATUS FLAGS RESIDUAL BYTE COUNT 

I I -I I I I I I I I I I I I I I I I I I I I I I I I I I I J 
00 01 02 03 04 05 06 fIT 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2S 26 27 28 29 30 31 

The fields have the following meaning: 

Subaddress (word 1, bits 0-7): Specifies the subchannel address. 

Real lOCO Address (word 1, bits 8-31): Specifies the address of the next IOCD. 

Status Flags (word 2, bits 0-15): Identifies the conditions in the subchannel that caused 
the status doubleword to be stored. Each of the 16 bits represent one type of condition as 
follows: 

Bit 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Condition 

Reserved 
PPCI 
Incorrect Length 
Channel Program Check 
Channel Data Check 
Reserved 
Channel Interface Check 
Reserved 
Busy 
Status Modifier 
Controller End 
Attention 
Channel End 
Device End 
Unit Check 
Unit Exception 

Remarks 

PPCI bit set in last IOCD 
Difference in record size & IOCD byte count 
Logical error in IOCL 
Parity error in host memory 

Error on interface to controller/device 

SIO to an active subchannelfdevice 
Modifies other status bits 
Controller is free 
Device interrupt (asynchronous to commanded I/O) 
End of current JOCL 
End of current IOCL 
Error detected at device 
Unusual condition at device 

Residual Byte Count (word 2, bits 16-31): Specifies the residual byte count of the last 
IOCD executed. 

Figure 4-6. Status Doubleword Format 
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4.7.3.2 Incorrect Length 

Incorrect length (IL) occurs when the byte count specified in the lOCO is not equal to the 
number of bytes transferred to or from the device. Incorrect length is indicated for any of the 
following conditions: 

1. Long Block on Input - During an input (read) operation, the device requested one 
or more bytes after the channel had reduced a non-data chained lOCO byte 
count to zero. The extra bytes are not written to host memory. The residual 
count of the status will be set to zero. 

2. Long Block on Output - During an output (write) operation, the device requested 
one or more bytes after the channel has reduced a non-data chained lOCO byte 
count to zero. The extra bytes are not written to the device. The residual count 
of the status will be zero. Note, on fixed block size devices (disk) any remaining 
portion of an unwritten block is filled with zeros. 

3. Short Block on Input - The number of bytes transferred during an input (read) 
operation were insufficient to reduce the lOCO byte count to zero. The count in 
the status will remain nonzero and indicate the number of bytes not transferred. 

4. Short Block on Output - The device terminated an output (write) operation 
before all information was transferred. The count in status will indicate the 
number of bytes not transferred. 

4.7.3.3 Channel Program Check 

The channel program check is set by the MFP when it has detected a programming error in 
the IOCL. The error can be due to any of the following conditions: 

MFP 

1. Invalid lOCO address specification - This condition indicates that the real data 
address contained in the lOCO is not on a word boundary. In the case of the 
MFP, when a channel program check error occurs, the IOCL is aborted; if the 
lOCO was fetched successfully, the byte count will be valid, otherwise it will be 
zero. 

2. Invalid lOCO address - The MFP attempted to read an lOCO from non-present 
memory. 

3. Invalid command - The command specified in the lOCO is not recognized by the 
MFP. 

4. Invalid count - The lOCO contains a byte count which is outside the limits for 
the command. 

5. Invalid data address - The MFP attempted to read or write a byte from non­
present memory. 

6. Invalid sequence - A TIC command either specifies another TIC command or is 
the first lOCO in the IOCL. 
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4.7.3.4 Channel Data Check 

The channel data check indicates that the MFP detected a parity error in the data transferred 
from host memory. 

This condition causes the transfer to be aborted and command chaining to be suppressed. An 
interrupt is generated when the MFP presents device end/channel end. 

4.7.3.5 Interface Check 

Interface check is an indication of a communications malfunction between the channel and one 
of its controllers. Causes may include parity errors in the data transmitted to the channel 
from the controller or invalid event sequences during channel/controller communications. This 
condition indicates that the MFP could not communicate with the addressed device, or the 
controller is broken, or a bad cable has been used, or a jumper has been inserted in the wrong 
position. If received, chaining is suppressed, the remaining byte count is zero, and the 
operation is terminated. 

4.7.3.6 Busy 

Busy indicates that the IOCL was terminated because of a busy condition in either the device 
or its controller. Busy with only channel end or device end indicates that the busy condition 
was in the device, not the controller. 

When the busy condition is indicated in conjunction with channel end, device end, and status 
modifier, it indicates that the busy condition was in the controller, not the device. 

When the busy condition is indicated in conjunction with channel end, device end, and unit 
exception, it indicates that the busy condition was do to a SCSI device that was previously 
reserved by another initiator. 

4.7.3.7 Status Modifier 

The status modifier indicates that the controller cannot provide current status because the 
controller is busy, or that the normal sequence of 10CDs require modification. 

When the status modifier condition is indicated in response to an I/O instruction and no other 
status bits are indicated, it indicates that the controller cannot execute the instruction and 
has not provided current status. Any pending interrupt conditions present in the controller or 
its device are not cleared. The status stored will contain all zeros except for the status modifier 
bit. 

When the status modifier bit appears with the busy bit, it indicates that the condition pertains 
to the controller end and the addressed device. The controller appears busy when executing 
operations which preclude the acceptance and execution of any command or I/O instruction, or 
contain a pending interrupt and status for a device other than the device addressed. 

4.7.3.8 Controller End 

Controller end indicates that the controller has become available for use in another operation, 
after previously indicating busy. C 
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4.7.3.9 Attention 

When the attention status flag bit is set, it indicates that the device has detected an 
asynchronous condition that is device dependent. The device can generate attention only when 
no operation is in progress at the subchannel, controller, and device. Attention can be 
generated by itself, or, it can be accompanied by device end upon the completion of an 
operation. 

4.7.3.10 Channel End/Device End 

The channel end/device end status flags indicate the completion of an I/O operation by the 
device and channel. These status bits always occur together for the MFP channel. Note, 
although the MFP has indicated channel end/device end, in some cases, the device may still be 
working on the operation. For example, with the immediate bit set in the command, when a 
magnetic tape unit rewinds a tape, channel end/device end will be indicated although the tape 
is still in motion. 

4.7.3.11 Unit Check 

Unit check indicates that the controller or device has detected an unusual condition that is 
detailed by the information available by executing a sense command. When a unit check 
occurs, the 10CL is terminated, as well as, command chaining. Also, the 10CD address is added 
to eight, this action reflects the next 10CD that was to be executed and the byte count is 
updated. 

4.7.3.12 Unit Exception 

Unit exception indicates the occurrence of an unusual condition at the device which prevents 
completion of the command. The JOCL is terminated when a unit exception status condition 
occurs. The 10CD address plus eight reflects the next 10CD that was to be executed and the 
remaining byte count is updated. 

When unit exception occurs and clear que is set and multiple 10CLs are queued for execution, 
the entire queue is purged. The first status returned indicates the original cause for 
termination of the operation. Following IOCLs are aborted with unit exception status set, 
indicating that they were not executed because of the previous error. 

4.7.4 Remaining Byte Count 

The remaining byte count contains the number of bytes remaining to be transferred from the 
last 10CD under execution before termination. Normal termination results in the remaining 
byte count to be set to zero. In some status blocks, such as attention status, the remaining 
byte count field is not significant. Normally, unless suppress incorrect length is set, the 
incorrect length flag is set whenever an operation terminates because of differences between the 
transfer count and the record size. 

4.8 CPU Scratch Pad and Interrupt Vectors 

The CPU relies on software for the initialization of the CPU scratch pad and interrupt vector 
table so that it can execute I/O instructions (the sole exception is IPL). 
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4.8.1 CPU Scratch Pad 

The CPU scratch pad is memory; however, it is memory in a special location within the CPU 
that contains the system configuration inforination. The operating system must initialize the 
CPU scratch pad at the time of IPL with the TRSC instruction. The operating system keeps a 
copy of the CPU scratch pad in main memory, starting at an address location that is 300 
greater than the actual CPU scratch pad address. For example, if the actual CPU scratch pad 
address is 0, add 300 to zero to obtain the address of the copy in main memory; the copy in 
main memory is at address 300. For I/O to function, two sets of entries must be initialized, 
Device Entries and Interrupt Entries. 

4.8.1.1 Device Entry 

The device entries are used to map software device addresses into SelBUS physical addresses. 
The device entry associates the I/O protocol class with the channel interrupt priority level, the 
channel physical address, and the device subaddress. Device entries are stored in the CPU 
scratchpad locations 00 through 7F, according to the software channel address field of the 
entry. See figure 4-7 for the Device Entry, CPU scratch pad word format. 

4.8.1.2 Interrupt Entry 

o 

The- interrupt entries are use to map software interrupt levels into SelBUS physical addresses. 
The interrupt entry associates the I/O protocol class with the RTOM interrupt or I/O 
interrupt identity, the interrupt priority level, the channel address, and the device sub address. 
Interrupt entries are stored in the CPU scratch pad at addresses 80 through EF. The interrupt 
level plus 80, provides an index to the interrupt entries. See figure 4-8 for the Interrupt Entry,~, 
CPU scratch pad word format. ''''L/' 

4.8.2 Interrupt Vector Table 

The interrupt vector table contains one entry for each interrupt priority level available. The 
interrupt vector table starts at location 100, assuming a concept 67 CPU. The interrupt vector 
tables address is located in the CPU scratch pad. See table 4-2 for a list of the interrupt 
vectors. 

4.9 Interrupts 

Two events must take place successfully, before the MFP can request an interrupt from the 
CPU. First, the channel must be placed in an enabled and requesting state (but not an active 
state). Second, the interrupt flags of the PSD must be set to enable interrupts. Once these 
conditions are met, the MFP can actively pursue interrupts. The following sections describe the 
various states of interrupt logic for the MFP and the CPU instructions necessary to control 
them. 

4.9.1 Interrupt States 

There are eight interrupt states supported by the MFP. In addition to the supported interrupt 
states, software is able to inhibit or allow interrupts through the use of the control /lags 
available through the second word of the PSD. The interrupt states are described in the 
following section and are as follows: 0 
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1 I I 
FLAGS CLASS R CHANNEL CHANNEL DEVICE 

PRIORITY ADDRESS SUBADDRESS 

I I I I I I 0 I I I I I I 0 I I I I I I I I I I I I I 
00 01 02 03 04 06 00 aT 08 00 10 11 12 13 14 16 16 17 18 1D 20 21 22 23 24 25 26 27 28 :!II 30 31 

FLAGS (bits 0-3): (controlled by CPU) 

Channel RAM Load with Interrupt Priority (bit 0) 
Bits 1 through 3 are not used. 

CLASS (bits 4-7): 

I/O Protocol Class (bit 4) 
Class F - MFP Channel (bit 5) 
Class 3 - Interval Timer (bit 6) 

R (bit 8): always zero 

CHANNEL PRIORITY (bits 9-15): 

Ones complement of the service interrupt priority level. Every channel in the 
system capable of interrupting at a unique priority must have its own unique 
interrupt level. See scratch pad interrupt entries section for more details. 

CHANNEL ADDRESS (bits 17-23): 

The channel address contains the physical channel address as jumpered on the 
circuit card. 

DEVICE SUBADDRESS (bits 24-31): 

The MFP channel requires two entries in the device portion of the CPU scratch 
pad. Entry for class F = 00. Entry for the interval timer = 04. For the real time 
function subaddresses, only the interval timer has an entry in the device portion 
of the CPU scratch pad. 

NOTE: bit 16 always equals zero. 

Figure 4-7. Device Entry, CPU Scratch Pad Word Format 
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I I I 

FLAGS CLASS R CHANNEL CHANNEL DEVICE 
PRIORITY ADDRESS SUBADDRESS 

II I L I I 1 I I I I I I 0 I I 1 I I 1 ILl I I I I 
00 01 02 03 04 05 00 r:n 08 00 10 11 12 13 14 16 18 17 18 19 20 21 22 23 24 26 20 27 28 29 30 31 

FLAGS (bits 0-3): (controlled by CPU) 

Channel RAM Load with Interrupt Priority (bit 0) 
Bit 1 not used 
Interrupt Active (bit 2) 
Interupt Enabled (bit 3) 

CLASS (bits 4-7): 

I/O Protocol Class (bit 4) 
. Class F - MFP Channel (bit 5) 
Class 3 - Real Time Functions (bit 6) 

R (bit 8): Set to 1 for RTF interrupt levels. 

CHANNEL PRIORITY (bits 9-15): 

Ones .complement oC the service interrupt priority level. Every channel in the 
system capable oC interrupting at a unique priority must have its own unique 
interrupt level. See scratch pad interrupt entries section Cor more details. 

CHANNEL ADDRESS (bits 17-23): 

The channel address contains the physical channel address as jumpered on the 
circuit card. . 

DEVICE SUBADDRESS (bits 24-31): 

The MFP channel requires 17 entries in the interrupt portion oC the CPU 
scratch pad. Entry for class F = zero and the remaining 16 entries are for the 
subaddresses involved in real time Cunctions. 

NOTE: bit 18 always equals zero. 

4-26 

Figure 4-8. Interrupt Entry, CPU Scratch Pad Word Format 
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Table 4-2. Interrupt Vectors 

Default Interrupt 
Priority Vector Location Description 

00 100 External/software interrupt 0 
01 104 External/software interrupt 1 
02 108 External/software interrupt 2 
03 10C External/software interrupt 3 
04 110 I/O channel 0 interrupt 
05 114 I/O channell interrupt 
06 118 I/O channel 2 interrupt 
07 11C I/O channel 3 interrupt 
08 120 I/O channel 4 interrupt 
09 124 I/O channel 5 interrupt 
OA 128 I/O channel 6 interrupt 
OB 12C I/O channel 7 interrupt 
OC 130 I/O channel 8 interrupt 
OD 134 I/O channel 9 interrupt 
OE 138 I/O channel A interrupt 
OF 13C I/O channel B interrupt 
10 140 I/O channel C interrupt 
11 144 I/O channel D interrupt 

( 
12 148 I/O channel E interrupt 
13 14C I/O channel F interrupt 
14 150 External/software interrupt 
15 154 External/software interrupt 
16 15~ External/software interrupt 
17 15C External/software interrupt 
18 160 Real-time clock interrupt 
19 164 External/software interrupt .. .. " 
" " " 
" " It 

6E 2B8 External/software interrupt 
6F 2BC Interval timer interrupt 

NOTES: 
1) The interval should always have the highest priority number assigned. 
2) The highest interrupt level of a Concept 67 is 6F, which is the lowest priority. 
3) Class F I/O may occupy any interrupt level. 
4) Class E or D I/O is not supported on the MFP. 
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• state 0 - not active/no request/disabled 
• state 1 - not active/request queued/disabled 
• state 2 - active/no request/disabled 
.state 3 - active/request queued/disabled 
• state 4 - not active/no request/enabled 
• state 5 - not active/requesting/enabled 
• state 6 - active/no request/enabled 
• state 7 - active/request queued/enabled 

In conjunction with the interrupt states, the MFP also supports the active flag, enabled flag, 
and requesting Bag. Each of the flags are under software control. 

Table 4-3 shows the interrupt states for the MFP, as well as the, possible events that can 
change the current state of the channel. The first four events (ena.ble, disable, activate, and 
deactivate) occur as transfers from the CPU as a result of the execution of an instruction or 
interrupt context switch. The request event occurs upon the completion of an I/O opera.tion, or 
because of a.n asynchronous status from a controller. The acknowledge event occurs as a result 
of an interrupt context switch taking pla.ce. 

4.9.1.1 Interrupt Sta.tes, Described 

Sta.te 0 - Not Active/No Request/Disabled 

This is the idle state of the channels interrupt logic. The channel is not taking part in the 
SeIBUS interrupt priority poll and has no status to post. Furthermore, the channel is disabled 
from posting status through the interrupt mechanism should an I/O operation be completed 
(see State 1). 

State 1 - Not Active/Request Queued/Disabled 

This is another idle state of the channels interrupt logic. The channel is not taking part in the 
SeIBUS interrupt priority poll; however, the channel does have status to post. The MFP cannot 
post status through the interrupt mechanism because this channels interrupt level is disabled. 

State 2 - Active/No Request/Disabled 

In this state, the channel is continuously polling on the SeIBUS interrupt bus. This prevents 
lower priority cha.nnels from interrupting because they are blocked by the poll of the MFP; 
however, this channel will not interrupt software, and it has no status to post. Channels with a 
higher priority than the MFP will win the interrupt poll from the MFP, and they may 
interrupt software. Since the MFP is active and disabled, it prevents it from interrupting to 
post status should an I/O operation be completed (see State 3). 
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Table 4-3. Interrupt States 

Current State 

Disabled Enabled 

Not Not Active, Active, Not Not Active, Active, 
Active, Active, No Request Active, Active, No Request 

No Request Request Queued No Request- Request Queued 
Request Queued Request ing 

State State State State State State State State 
0 1 2 3 " 5 8 7 

Event: 
Enable 4 5 6 7 - - - -
Disable - 0 - 2 0 0 2 2 

Activate 2 3 - - 6 7 - -
Deactivate - - 0 1 - - 4 5 

Request 1 - 3 - 5 - 7 -
Acknowledge X X X X X 6 X X 

Key to matrix: 

A hyphen (-) equals no change in the current state. 
A number in the matrix equals new state after execution of the event. 
X equals invalid operation. 

State 3 - Active/Request Queued/Disabled 

In this state, the channel is continuously polling on the SeIBUS interrupt bus. It prevents lower 
priority channels from interrupting because they are blocked by the poll of the MFP; however, 
while it is active, the MFP will not interrupt software even though it has status to post. Higher 
priority channels will win the interrupt poll from the MFP and they may interrupt software. 
Since the MFP is active and disabled, it is prevented from interrupting to post status; however, 
status may be posted through the test I/O mechanism at any time. 

State 4 - Not Active/No Request/Enabled 

This is another idle state for the MFPs interrupt logic. It is not taking part in the SeIBUS 
interrupt priority poll and it has no status to post. It is, however, enabled to post status 
through the interrupt mechanism should an I/O operation be completed (see State 5). 

State 5 - Not Active/Requesting/Enabled 

This is the ONLY state in which the MFP is able to interrupt software. The MFP will actively 
poll the SeIBUS interrupt bus; when it wins, it will interrupt the software, assuming that 
interrupts are not blocked. If software disables or activates the MFP interrupt level, this state 
is left and the interrupt will not occur. 
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State 6 - Activate/No Request/Enabled 

In this state, the MFP continuously polls the SelBUS interrupt bus. It prevents lower priority 
channels from interrupting because they lose the poll. However, the MFP will not interrupt 
software and has no status to post. Channels with a higher priority may win the interrupt poll 
from theMFP and they may interrupt software. Since the MFP is active, it prevents it from 
interrupting software to post status should an I/O operation be completed (see State 7). 

State 7 - Active/Request Queued/Enabled 

In this state, the MFP continuously polls the SelBUS interrupt bus. It prevents lower priority 
channels from interrupting because they lose the poll. However, the MFP will not interrupt 
software even though it has status to post. Channels with a higher priority will win the 
interrupt poll from the MFP if they are polling and they may interrupt software. Since the 
MFP is active, it prevents it from interrupting software to post status should an I/O operation 
be completed. Status may be posted through the test I/O mechanism at any time. 

4.9.1.2 Interrupt State Control Flags 

The control flags for the MFP interrupt states are the active flag, enabled flag, and the 
requesting flag. These flags are under software control. The description of the control flags are 
as follows: 

Active Flag 

The active flag is set when the MFP is in the active state. The active state is controlled by the 
software instructions, activate channel interrupt and deactivate channel interrupt. The 
activate state will also be set when an interrupt context switch takes place with the new PSD 
specifying unblocked operation. After powering up the system and after a channel reset or 
SelBUS reset is performed, the MFP is set in a NOT active state. 

Enabled Flag 

The enabled flag is set when the MFP is in the enabled state. The enabled state is controlled 
by the software instructions, enable channel interrupt and disable channel interrupt. After 
powering up the system and after a channel reset or SelBUS reset is performed, the MFP is set 
in a disabled state. 

Requesting Flag 

The requesting flag is set when the MFP is in the request pending state. The request pending 
state is set by the completion of I/O operations. After powering up the system and after a 
channel reset or SelBUS reset is performed, the MFP is placed in a no interrupt request 
pending state. Whenever an I/O operation (except reset channel) is completed, the MFP goes in 
a request pending state. Note, multiple I/O completions will be queued, awaiting status posting 
for the previous completion. Thus, when the requesting flag is set, it indicates that at least one 
I/O completion status is pending, NOT how many. I/O completions may occur because of 
operations initiated by software, or, they may occur because controllers are returning 
asynchronous status messages. 
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4.9.1.3 Interrupt State Events 

There are six events associated with interrupt states, they are as follows: 

Enable Event 

The enable event only occurs during execution of an enable channel interrupt instruction. The 
enable channel interrupt instruction is automatically generated by the CPU during an IPL 
sequence. 

Disa.ble Event 

The disable event only occurs during execution of a disable channel interrupt instruction. When 
this instruction is executed, it removes (clears) one pending interrupt from the interrupt que. 

Activate Event 

The activate event occurs either during an activate channel interrupt or an interrupt context 
switch with the blocking control bits turned oft'. 

Deactivate Event 

The deactivate event occurs either during execution .of the deactivate channel interrupt. 

Request Event 

The request event occurs as a result of I/O completion, or, because of a device reporting an 
asynchronous status. 

Acknowledge Event 

The acknowledge event always occurs during an interrupt context switch of software. 

4.9.2 Interrupt Instructions 

The interrupt instructions control the interrupt mechanism through variations of the generic 
class F I/O instructions as listed below: 

• Enable Channel Interrupt 
• Disable Channel Interrupt 
• Activate Channel Interrupt 
• Deactivate Channel Interrupt 

The format of the instruct~ons was illustrated in figure 4-4, located at the start of this chapter. 
In addition to these interrupt instructions, the block external interrupt (BEl) and unblock 
external interrupt (UEI) instructions control whether or not any interrupts are allowed. 
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4.9.2.1 Enable Channel Interrupt 

The enable channel interrupt allows a channel to request an interrupt. When a channel is 
permitted to interrupt, it does so by interrupting software. Execution of enable channel 
interrupt returns conditions codes of all zeros to be returned to software if the channel is 
present and functioning. 

4.9.2.2 Disable Channel Interrupt 

The disable channel interrupt disables the MFP from interrupting software. When this 
instruction is executed, it clears the que of one pending request from the request que, and 
conditions codes of all zeros are returned to software. If desired, the channel can be placed in 
an active state while disabled, this would prevent channels with lower priorities from 
interrupting. 

4.9.2.3 Activate Channel Interrupt 

The activate channel interrupt sets the MFP channel in a state of actively contending for 
priority on the SelBUS interrupt bus. It does not cause software interrupts even when it wins 
the right to poll or it has a pending request; however, an activate channel will prevent 
channels with lower priorities from interrupting software. When this instruction is executed, it 
returns condition codes of all zeros to software. 

4.9.2.4 Deactivate Channel Interrupt 

The deactivate channel interrupt instruction resets the MFPs activated state to a deactivated 
state. By placing the MFP in a deactivated state, it allows it to interrupt the software if it is 
enabled with a request pending. Channels with lower priorities are also able to interrupt 
software at this time if they win the interrupt poll. When this instruction is executed, condition 
codes of all zeros are returned to software. 

4.10 Special MFP I/O Functionality 

The MFP has four unique I/O functionalities, they are: 

• Start I/O Queuing 
• lOCO Prefetching 
• Sense Information 
• lOCO Skip Not Implemented 

4.10.1 Start I/O Queuing 

All I/O devices support Start I/O (SIO) command queuing. However, for the MFP, the que for 
each subaddress is allocated from a globally linked list of 500 free entries. If all entries become 
allocated, the MFP will return channel busy condition codes if further I/O is attempted. 

When an error occurs on a subaddress that contained queued start I/O's, one of two 
procedures will take place, depending upon how the subaddress was initialized. In the first 
procedure, mode 1, the SIO queue is purged and error status is returned for each SIO that was 
queued, plus, status is returned for all failed SIO's. In the second procedure, mode 2 (default 
mode), queued SIO's are processed as if there were no errors. 
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The Halt I/O command will only clear the current SIO in progress unless the clear que bit is 
set during the subaddress initialization. To clear all SIO's queued for the MFP, the Clear Que 
I/O instruction must be executed. 

For the MFP, the following four considerations must be observed: 

1. Halt I/O clears the current SIO and returns status. 

2. Clear Que I/O clears the entire SIO que and returns status for each queued SIO 
instruction. Clear que is not supported on console subaddressed (FC and FD). 

3. Only a single HIO or clear que can be handled by the MFP at anyone time. If 
another is issued while a previous HIO is outstanding, subchannel busy CC's will 
be returned. 

4. Only a single reset controller can be handled by the MFP at anyone time. If 
another is issued before the previous is processed, subchannel busy CC's will be 
returned. 

4.10.2 IOCD PreCetching 

In some cases it is necessary for the MFP to prefetch lOCOs so that it can convert 10CLs into 
SCSI COBs. In other cases, performance can be enhanced by firmware prefetching the lOCOs; 
however, during an IPL, the loading of the bootstrap by the 10CL may not be complete when a 
new IPL is issued. For this reason, when an IPL is received, the first lOCO is executed without 
fetching the next one. For the remaining portion of the IPL sequence, lOCOs may be 
prefetched until the chain of lOCOs is terminated. This is necessary to create a COB with the 
appropriate block transfer count. . 

NOTE 

Programmers should not create 10CLs that are partially 
complete when an SIO is issued because there are no 
guarantees that the MFP will not attempt to prefetch an 
lOCO before it is added by software to the 10CL. 

4.10.3 Sense Information 

Sense information is always cleared when a sense operation is completed. Halt I/O or clear que 
will leave sense in the MFP's controller unaltered. For SCSI devices, refer to specific controller 
documentation. 

4.10.4 Skip IOCD's 

The input/output processor (lOP) supports a function where the controller may skip lOCOs in 
a chain. under certain circumstances; however, the MFP does not support this function. 
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CHAPTERS 

REAL TIME FUNCTIONS 

5.1 Introduction 

This chapter contains the information pertaining to the real time functions of the Multi­
Function Processor (MFP). 

5.2 Overview 

The real time function (RTF) provides the computer system with an interval timer, real time 
clock, external interrupts (both input and output), as well as, software generated interrupts. 
Each of these four distinct areas are described in this chapter. 

The MFP implements the real time functions on a separate logical I/O channel. The physical 
address of the real time function channel is always an odd address that is one hexadecimal 
value greater than the MFP's class F channel. Only the first 16 subaddresses of the real time 
function channel are supported. 12 of the subaddresses support external interrupt capability. 
One of the subaddresses support the real time clock and another supports the interval timer. 
The remaining two sub addresses support software interrupts only; however, all 16 subaddresses 
can support software controlled interrupts. Although most of the subaddresses support more 
than one function, it is NOT recommended that one sub address be used for more than one 
function at a time. Table 5-1 lists the subaddresses and there supported functions. 

5.3 Real Time Function Interrupts 

The interrupt protocol is similar to that described in chapter 4 of this manual; the differences 
between the interrupt protocols are described in the following sections. It is recommended that 
the programmer understand class F protocols before reading this section. The major differences 
are the supported instructions and the fact that each subaddress of the RTF has its own 
interrupt priority verses class F with one global priority. 

5.3.1 Scratch Pad Entries 

Scratch pad entries are formatted as described in chapter 4; however, several special 
considerations must be taken when building a scratch pad entry for the RTF. Since the RTF 
supports an interrupt priority for each subaddress, there must be one interrupt entry for each 
subaddress that is used. The only subaddress that supports command device instructions is the 
interval timer (subaddress 4). For this reason, only subaddress 4 requires a device entry in the 
scratch pad. Therefore, to fully support real time functions, there must be 16 interrupt entries 
and 1 device entry made in the scratch pad. 
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Table 5-1. RTF Subaddress Functions 

Subaddress Software External Real Time Interval 
Interrupt Interrupt Clock Timer 

Number 

0 Yes 0 No No 
1 Yes 1 No No 
2 Yes 2 No No 
3 Yes 3 No No 
4 Yes No No Yes 
5 Yes 4 No No 
6 Yes No Yes No 
7 Yes No No No 
8 Yes No No No 
9 Yes 5 No No 
A Yes 6 No No 
B Yes 7 No No 
C Yes 8 No No 
D Yes 9 No No 
E Yes 10 No No 
F Yes 11 No No 

Note: Yes := supported function; No = unsupported function 

5.3.2 Internal Interrupt Polling 

The RTF portion of the MFP supports internal interrupt polling that is based on sub addresses, 
not assigned interrupt priority. The subaddresses are arranged with the F representing the 
highest priority and 0 representing the lowest. In the MFP, the higher priority subaddress is 
serviced before a lower priority subaddress. In the event that a subaddress with a higher 
priority requests an interrupt, the MFP will deactivate a lower priority subaddress and allow 
the higher priority subaddress to poll for the interrupt. Once a subaddress wins the internal 
poll of the MFP, the MFP polls the SelBUS interrupt bus for an interrupt. The MFP always 
polls the SelBUS interrupt bus at its assigned priority level. 

5~3.3 Interrupt Control Instructions 

There are five interrupt control instructions available to the MFP to contend for an interrupt 
on the SelBUS interrupt bus. Of the five instructions, four are similar to those used in class F 
interrupts; however, class 3 has a fifth instruction called Request Interrupt. 

The request interrupt causes two actions to take place. First, an external interrupt pulse is 
generated; second, a SelBUS interrupt is queued for the subaddress. 
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If the SelBUS interrupt is not desired, software may take one of two actions: 

1. If software does not enable the subaddress, it prevents the interrupt (as well as 
any external interrupts) from occurring. 

2. If interrupts are required from the subaddress, but not desired during execution 
of the request interrupt instruction, software may execute the following 
sequence: activate interrupt, request interrupt, disable interrupt, enable 
interrupt, deactivate interrupt. The activate interrupt prevents any pending 
interrupts from the subaddress from occurring. The request interrupt causes the 
external interrupt signal to be pulsed and a SelBUS interrupt is queued. The 
disable interrupt removes the pending interrupt for the subaddress from the 
queue. The enable interrupt cancels the disable interrupt with the exception of 
the dequed interrupt. Finally, the deactivate interrupt allows requests from the 
subaddress to poll again. 

The MFP's real time functions do not queue interrupt requests in a stack. Only one interrupt 
can be pending at anyone time. For example, two interrupt requests are executed while the 
RTF is in a disabled state, the RTF is enabled, and only one interrupt occurs as a result of the 
two request interrupt instructions. 

5.4 Software Interrupts 

Software interrupts are executed through the use of the request interrupt instruction. When 
software executes the instruction, it causes a SelBUS interrupt to occurj however, the interrupt 
priority level address must be in an inactive state and enabled before the interrupt can occur. 
All real time function subaddresses on the MFP support this function. 

5.5 Externallnterrupts 

External interrupts allow the capability of external devices to interrupt the host computer 
through a mechanism. The mechanism consists of a latched interrupt input and a request 
interrupt output on the external interrupt device interface. 

The external interrupt device interface can be used to signal events to remote computers or 
peripherals. This is done through the execution of the request interrupt instruction which 
causes an interrupt pulse to be sent out to the remote device. 

The external interrupt device interface can also be used to receive and acknowledge interrupts 
from remote computers or peripherals. This is done by enabling the appropriate external 
interrupt subaddress to perform an interrupt. When the remote device generates an interrupt 
pulse, the MFP's real time function begins polling for an interrupt to software. When the 
software interrupt context switch occurs, the MFP's real time function fires the exterrial 
interrupt output signal which can be used by the remote computer or peripheral as an 
interrupt occurred indication. 

Implementing both input and output external interrupts on one subchannel can cause 
difficulties, depending on the application. The difficulty is due to the request interrupt 
instruction which causes both the external interrupt output, as well as, the external interrupt 
input {software interrupt}. The software interrupt is indistinguishable from an external MFP 
interrupt. If either of the above procedures for preventing the interrupt from happening, 
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incoming external interrupts may be lost. The problem can be avoided by one of the two 
methods described: 

1. Define the interface to the remote device to avoid any situations where an 
incoming external interrupt occurs at the same time that a request interrupt 
instruction is executed. 

2. Use a pair of external interrupt subaddresses, one for input and one for output. 

Note, similar problems can occur and must be prevented at the device side of the interface, 
because the request interrupt output line can occur as a result of a software context switch, or, 
as a result of a request interrupt instruction. 

5.5.1 Externa.l Interrupt Input 

The external interrupt input is a pulse and circuit, see figure 5-1. The external interrupt input 
pulse has a minimum duration parameter of 300 nanoseconds and a maximum duration 
parameter of 1000 nanoseconds. The pulse is latched by the real time function hardware until 
firmware is able to process it and start polling for a SelBUS interrupt. To prevent saturation of 
the channel and software with interrupts, do not repeat this pulse at a frequency greater than 
1 thousand hertz. 

5.5.2 External Interrupt Output 

The external interrupt output is a pulse, see figure 5-2. The pulse is generated as a result of 
two possible actions, the execution of a request interrupt instruction, or, during a software 
context switch that is caused by an interrupt from the associated real time function 
subaddress. The external interrupt output pulse has a duration parameter of 450 nanoseconds. 

5.6 Interval Timer 

The interval timer is a processor on the MFP that can be programmed by the command device 
instruction as follows: 

• Select 1 of 3 counting rates. 
• Select either single or multiple interrupts for a single count value. 
• Enabled or disabled by software interrupt instructions. 
• Write or read the interval timer count. 

When the interval timer is read or written, the data is taken directly from the CPU's register 
a (zero). 

The interval timer is controlled by software command device (CD) instructions using a CPU 
register to/from input/output concept. The interval timer or CPU does not need to access 
memory during a CD instruction (other than normal instruction fetches); therefore, the 
execution time of a CD instruction is reduced. During a CD instruction execution, general 
purpose register zero of the CPU is used to send data (initial count) to or receive status 
(current count) from the interval timer. See figure 5-3 for an illustration of the CD instruction. 
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INPUT PULSE +5V 

" 
22CW 

I I r 
EXTERNAL INTERRUPT INPUT PULSE ~ 

~ 33CW 

• 300 ns TO 1000 ns .. 
RECEIVER GND 

'--../ 

( 
Characteristics Specifications 

Signal Driver 75453 recommended 

Driving End Terminator 220 ohms to +5vdc 
330 ohms to ground (GND) 

Pulse Width nominal = symetrical 
- minimum 300 nanoseconds 
- maximum 1000 nanoseconds 

Pulse Repetition Rate 1000 hertz 

87D3J04 

Figure 5-1. External Interrupt, Input Pulse Parameters 

( 
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75453 

+5V 

I EXTERNAl INTERRUPT OUT PULSE r .. 450ns .. 
OUTPUT PULSE GND 

Characteristics Specifications 

Logical Level Outputs one = +0.8 vdc (external interrupt request) 
zero = +2.4 vdc (no request) 

Signal Driver 75453 

Receiving End Terminator 220 ohms to +5vdc 
330 ohms to ground (GND) 

Pulse Width 450 nanoseconds 

Figure 5-2. External Interrupt, Output Pulse Parameters 

22cW 

330W 

87D3L01 
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I I 1 I I 

OPERATION DEVICE AUG. NOT USED FUNCTION 
CODE ADDRESS CODE CODE 

11111111111 I I I I I I 1 11 10 010101010101010 1 I I I I I I 
00 01 02 03 04 06 OG i11 08 OG 10 11 12 13 14 1& 16 17 18 1D 20 21 22 23 24 2& 28 27 28 20 30 31 

Bit Value Description 

25 1 Specifies read time, causing the 32 bit contents of the 
timer to be loaded into GPRO. This may be done at any 
time (even while counting). 

26 1 Specifies program interval timer and bits 27-31 are valid. 
27 1 Start interval timer. 

0 Stop interval timer. 
28 1 Load bits 0-31 from GPRO into the interval timer bits 0-31. 

( 0 Does not alter the interval timer starting count value. 
29 1 Generate multiple interrupts. When count of zero is reached, 

the interval timer generates an interrupt, reloads starting 
count, and continues counting. This is repeated until this bit 
is reset or the timer is stopped. 

0 Generate single interrupt. When count of zero is reached, the 
interval timer generates an interrupt, and continues counting 
negative. 

30-31 This is a code that is used to select t~e count frequency. 
00 Select jumpered frequency. 
01 Select jumpered frequency. 
10 Select real time clock frequency. 
11 Select external clock frequency. 

Figure 5-3. Command Device (CD) Instruction Format 

( 
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The interval timer does not support test device (TO) instructions. If an attempt is made to 
execute a TO 4000 or TO 8000 instruction, a condition code of all zeros will be returned. If an 
attempt is made to execute a TO 2000 instruction, a condition code of 2 (two) will be returned, 
indicating that the transfer was not performed. 

5.7 Real Time Clock 

The real time clock subaddress of the real time function portion of the MFP generates 
interrupts to the host CPU at a frequency dependent on the setting of the jumpers located on 
the MFP circuit card. If no jumpers are inserted, the clock is disabled. If the external clock 
frequency is selected, an externally generated clock can be used. The parameters for this signal 
are listed in table 5-2. 

5-8 

Table 5-2. Real Time Clock Parameters 

Characteristics 

Signal Driver 

Driving End Terminator 

Pulse Width 

Pulse Repetition Rate 

Specifications 

75453 recommended 

220 ohms to +svdc 

nominal = symetrical minimum 300 nanoseconds 

1000 hertz (maximum) 
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6.1 Introduction 

CHAPTER 6 

I/O SUPPORT 

This chapter contains the information pertaining to I/O support for the Multi-Function 
Processor (MFP). 

6.2 Overview 

The MFP provides I/O support for small computer system interface (SCSI) peripheral devices, 
a line printer, and eight asynchronous communication ports. It also provides an expansion port 
for a Gould designed general purpose device interface circuit card (refer to the appropriate 
technical manual for a description of this port). 

6.3 SCSI Support 

SCSI is a local I/O bus that can burst at data rates up to 1.25 megabytes per second, 
depending upon circuit implementation and peripheral devices. The primary objective of the 
SCSI is to provide the computer system with device independence within a class of peripheral 
devices. Thus, different disk drives, magnetic tape units, printers and communications devices 
can be added to the computer system without requiring modification to the hardware or 
software. Provisions are made for additional nongeneric features and functions through vendor 
unique fields and codes. 

It is assumed that the programmer is familiar with the SCSI interface and protocol, if not, the 
American National Standard, ANSI X3.131-1986 or later, gives a complete description of the 
SCSI interface. 

The SCSI host adapter, resident to the MFP, decodes the command byte of an IOCD that it is 
to execute. The IOCD provides the information required to transfer the appropriate command 
descriptor block (CDB) and the associated data, to or from the SCSI peripheral device. The 
MFP also provides an option which allows user built CDBs to be transmitted across the SCSI 
bus. 

There are two variations within the class F protocol; they are, class Fl and class F2. In class 
Fl protocol, software provides a buffer and address in which the CDB is prebuilt. Once built, 
the channel fetches the CDB from memory and sends it to the controller. In class F2 protocol, 
the MFP builds and sends the appropriate CDB based on the command in the IOCD. 

6.3.1 SCSI Initialization 

The MFP is designed to optimize the most common disk and tape operations that an operating 
system might perform. To do this, the first I/O operation to any SCSI controller after a 
channel reset, SeIBUS reset, or IPL sequence will cause the MFP channel to take special 
actions. These special actions occur in a series of events, as shown in figure 6-1. If errors occur 
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EXECUTE REQUEST 
SENSE TO CLEAR 

ATTENTION STATUS 

EXECUTE TEST UNIT 
READY TO ALLOW 

SEQUENTIAL ACCESS 
DEVICE TO OPERATE 

EXECUTE INQUIRY 
TO DETERMINE 
DEVICE TYPE 

(SAVE RESUL 1) 

EXECUTE MODE SELECT 
TO FORCE VARIABLE 1---'--­

RECORD SIZE 

EXECUTE MODE SENSE I-_~~ 
TO DETERMINE 

ACTUAl BlOCK Size 

SENSECDB 

)("03· 
LOGICAl UNIT NUMBER 
)("00-
)("00-
X·10" 
)("00-

TEST UNIT READY COB 

X"OO· 
LOGICAl UNIT NUMBER 
X"OO· 
)("00· 
)("00· 
)("00· 

INQUIRY COB 

)("12" 
LOGICAl UNIT NUMBER 
)("00· 
)("00· 
)("10· 
X·OO· 

EXECUTE READ 
CAPACITY TO 
DETERMINE 
BLOCK SIZE 

MODE SELECT COB 

)("15· 
LOGICAl UNIT NUMBER 
)("00· 
X·OO" 
X-OC" 
)("00" 

MOOE SENSE COB 

X·1A" 
LOGICAl UNIT NUMBER 
X·OO· 
)("00" 
)("10· 
)("00" 

~: 

EXCEPT DURING THE MODE SELECT 
TO TAPE .OCCURENCE OF INTERFACE CHECK 
STATUSWILLABORTINITIAUZATION 
AND CAUSE THE STATUS TO BE RETURNED 
WITHOUT EXECUTION OF THE IOCL 

READ CAPACITY COB 

)("25· 
LOGICAl UNIT NUMBER 

1--"')("00· 
)("00· 
X·OO· 
)("00· 

AND TI-lE DATA 

)("00·, )("00· 
)("00·, )("08· 
)("02", )("00·, SET FOR 1600 BPI 
)("00·,)("00· 
)("OC-. )("00-
)("00-, )("00-, VARIABLE BLOCK LENGTH 

8703L04 

Figure 6-1. SCSI Initialization Protocol 
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during this initialization process (except during execution of the mode select to a sequential 
access peripheral device), it will be aborted with status returned to the software and the IOCL 
will not be executed. 

For direct access peripheral devices, this initialization process is used to determine the logical 
blocksize of the peripheral device. The logical block size is used by the MFP to generate CDBs, 
with the correct block count, during execution of class F2 reads and writes. 

For sequential access peripheral devices, this initialization process is used to set the peripheral 
device into a known mode of operation. "For example, a magnetic tape unit would be set to 
1600 BPI with a variable block length. This is done primarily to allow a system IPL to be 
performed from a sequential access peripheral device that would normally default to a different 
mode of operation. If an error status is returned after the execution of a mode select, the MFP 
will initiate execution of the IOCL rather than aborting the operation. If the tape rejects the 
mode selected, the MFP will issue a mode select to determine the actual operational 
parameters. 

A side effect of initialization is the reset of the unit attention status; this happens upon 
powering up the system or reset on the SCSI bus. 

NOTE 

If the logical block size of a direct access peripheral device 
is changed while online through a mode select, the MFP 
will automatically reissue the initialization sequence prior 
to the next operation. 

6.3.2 SCSI Commands 

The SCSI commands supported by the MFP SCSI host adapter are listed in table 6-1. The 
table lists the CMD code, class of operation, as well as, the command name and description. 
All commands except read, write, and transfer command packet (TCP) result in class F2 
operation. The read and write command operate in both class F1 and F2 protocols. If a TCP 
IOCD is command chained to a read or write command, the operation would follow the class 
F1 protocol. If a read or write command is data chained to another read or write which has 
been command chained to a TCP IOCD, the operation would follow the class F1 protocol. All 
other cases result in a class F2 operation. 

6.3.2.1 Write (direct and sequential access) 

The write command requests that the target write the data transferred by the initiator to the 
medium. The write command operates in both class F1 and class F2 protocols. 

The write command via sequential access writes data to the magnetic tape. It is executed in 
fixed or variable block size depending upon the configuration of the device and the total of the 
transfer count is the number of bytes (not blocks) to be transferred. 

The write command via direct access writes data to a disk. The logical block address is taken 
from the MFP channel and specifies the logical block at which the operation shall begin. The 
register is updated whenever a seek IOCD command is executed, or, a read or write takes 
place. In the case of the seek command, it takes the logical address from memory and places it 
in the register. A read or write also updates the address that points to the next logical block to 
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Table 6-1. SCSI Commands 

CMD Code Class Name and Description 

X"Ol" Fl,F2 Write 
X"02" Fl,F2 Read 
X"04" F2 Sense 
X"07" F2 Seek (direct access only) 
X"13" F2 Reassign Block (direct access only) 

" F2 Write Many Filemarks (sequential access only) 
X"23" F2 Rewind (sequential access only) 
X"37" F2 Rezero (direct access only) 
X"43" F2 Advance Record (sequential access only) 
X"53" F2 Read Capacity (direct access only) 

" F2 Backspace Record (sequential access only) 
X"63" F2 Space One Filemark (sequential access only) 
X"73" F2 Backspace One Filemark (sequential access only) 
X"S3" F2 Set Mode (NOP) (sequential access only) 
X"93" F2 Write One Filemark (sequential access only) 
X"A3" F2 Reserve Unit (direct access only) 
X"B3" F2 Inquiry 
X"C3" F2 Release Unit 
X"03" Fl Transfer Command Packet (specifies COB to send) 
X"E3" F2 Space Many Filemarks (sequential access only) 
X"F3" -- Reserved 

be read. Normally, software builds a seek command that is command chained to a read or 
write; this ensures that the logical block address is correct. 

The block count is calculated by taking the sum of the transfer counts for all of the data 
chained lOCOs. The sum is divided by the logical block size obtained during initialization and 
rounded up to the final block count. Note, only four logical block sizes are supported by class 
F2 protocol: 256, 512, 768, and 1024. A block size of 256 can be used to emulate a block size of 
768 as long as the block conversion bit is not set during subaddress initialization (or subaddress 
initialization is not performed). See the seek command' description for more detail. 

The COB that is built will vary, depending on the total block count and the logical block 
address. A group 0 (zero) COB is set if the block count is less than 256 and the logical block 
address is less than 2,097,152. Otherwise, a group 1 (one) CDB (extended write) is sent to the 
peripheral device. 

6.3.2.2 Read (direct and sequential aC,cess) 

The read command requests that the target transfers data: to the initiator. The read command 
operates in both class Fl and class F2 protocols. It transfers data via sequential access or 
direct access. The read command works exactly like the write command. 

The read command via sequential access reads data from the magnetic tape, It is executed in 
fixed or variable block size depending upon the configuration and the total of the transfer 
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count is the number oC bytes (not blocks) to be transCerred. The logical block address specifies 
the logical block at which the operation shall begin. Fixed block sizes supported by magnetic 
tape are 256, 512 and 1024. Note, fixed block sizes Cor both read and write, are supported only 
for devices that do not have the capability to run in a variable block mode (see figure 6-1). 

The read command via direct access reads data from disk. The logical block address is taken 
from the MFP channel and specifies the logical block at which the operation shall begin. The 
register is updated whenever a seek 10CD command is executed, or, a read or write takes 
place. In the case of the seek command, it takes the logical address from memory and places it 
in the register. A read or write also updates the address that points to the next logical block to 
be read. Normally, soCtware builds a seek command that is command chained to a read or 
write; this ensures that the logical block address is correct. 

The block count is calcula:ted by taking the sum oC the transfer counts for all of the data 
chained 10CDs. The sum is divided by the logical block size obtained during initialization and 
founded up to the final block count. Note, only four logical block sizes are supported by class 
F2 protocol: 256, 512, 768, and 1024. A block size of 256 can be used to emulate a block size of 
768 as long as the block conversion bit is not set during sub address initialization {or subaddress 
initialization is not performed}. See the seek command description for more detail. 

The CDa that is built will vary, depending on the total block count and the logical block 
address. A group ° (zero) CDa is set iC the block count is less than 256 and the logical block 
address is less than 2,097,152. Otherwise, a group 1 (one) CDB (extended read) is sent to the 
peripheral device. 

6.3.2.3 Sense (direct and sequential access) 

The sense command provides a means Cor a target to report its medium, logical unit, or 
peripheral device parameters to the initiator. It results in a request sense CDB to be sent to 
the SCSI controller iC it is a SCSI address. The SCSI address and transfer count of the 10CD 
are used to place the sense data in main memory. This 10CD can be data chained, in which 
case, the sum oC all oC the data chained 10CDs transfer counts are used to generate the 
allocation length. The allocation length is placed in the request sense CDB. This command is 
supported by all SCSI peripheral devices. 

6.3.2.4 Seek (direct access only) 

The seek command requests that the logical unit seek, move to, the specified logical block 
address. It does not issue a CDB to the addressed peripheral device; instead, an internal 
register of the MFP is loaded with the specified logical address. This logical address is added to 
the next read or write CDB that is built. The real data address field of the 10CD points to the 
buffer containing 1, 2, or 4 bytes of logical disk address. This logical address specifies a byte 
boundary in memory. If one or two bytes are specified, the remaining bytes of the seek register 
are filled with zeros. This 10CD may not be data chained. 

6.3.2.5 Reassign Block (direct access only) 

The reassign command requests the target to reassign the defective logical block(s) to an area 
on the logical unit reserved for this purpose. The address of the 10CD points to the defect list 
to be reassigned. The transfer count must be equal to the length of the defect list. This 
command (IOCD) may not be data chained. 
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6.3.2.6 Write Many Filemarks (sequential access only) 

The write many file marks comma.nd causes a. specified number of filemarks to be written to the 
medium beginning at the current medium position on the logical unit. The byte count field of 
the IOCD is used as the count field of the CDB. The real data address of the IOCD is ignored. 
This command may not be data chained. 

6.3.2.7 Rewind (sequential access only) 

The rewind command requests that the target rewind the logical unit to the beginning-of­
medium, or, the load-point. The byte count and real data address field of this command 
(IOCD) are not used. This rewind command does not invoke an immediate rewind; therefore, 
status is not returned until the rewind has been completed. 

6.3.2.8 Rezero (direct access only) 

The rezero command requests that the target set a logical unit to the logical block address of 
zero. It does not issue a CDB to the addressed peripheral devicej instead, an internal register of 
the MFP is loaded with a logical address of zero. This logical address is added to the next read 
or write CDB that is built. This logical address specifies a block of zeros on the unit, that is the 
next block to be read or written. The real data address and the byte count field of the IOCD 
are ignored. This lOCO may not be data chained. 

6.3.2.9 Advance Record (sequential access only) 

The advance record command provides a means for the initiator to request that the target 
space to a specific record. This command is only valid for sequential access peripheral devices. 
The byte count field of the 10CD is used as the count field of the CDB. The real data address 
of the 10CD is ignored. This command may not be data chained. 

6.3.2.10 Read Capacity (direct access only) ... 
The read capacity command provides a means for the initiator to request information 
regarding the capacity of the logical unit. The byte count field of this lOCO determines the 
maximum number of data bytes that are transferred to main memory (Note, eight data bytes 
are always taken from the device). The real data address of the lOCO specifies the buffer 
address Cor the read capacity data. This IOCD may not be data chained. 

6.3.2.11 Backspace Record (sequential access only) 

The backspace record command provides a means for the initiator to request that the target 
backspace to a specific record. This command is only valid Cor sequential access peripheral 
devices. The byte count field oC the lOCO is used as the count field of the COB. The real data 
address of the lOCO is ignored. This command may not be data chained. 

6.3.2.12 Space One Filemark (sequential access only) 

The space one filemark command provides a means for the initiator to request that the target 
sp~ce to the next file mark. This command is only va.lid for sequential access periphera.l devices. 
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The count is specified by one. Both the real data address and the byte count field of the IOeD 
are ignored. This IOeD may not be data chained. 

6.3.2.13 Backspace One Filemark (sequential access only) 

The backspace one filemark command provides a means for the initiator to request that the 
target backspace to the previous filemark. This command is only valid for sequential access 
peripheral devices. The count is specified by one. Both the real data address and the byte 
count field of the IOeD are ignored. This IOeD may not be data chained. 

6.3.2.14 Set Mode (sequential access only) 

The set mode command is treated as a no operation (NOP) by the MFP. It IS only 
implemented to provide the compatibility with other tape controllers. 

6.3.2.15 Write One Filemark (sequential access only) 

The write one filemark command causes one file mark to be written to the medium beginning at 
the current medium position on the logical unit. The count is specified as one. The real data 
address and the byte count field of the IOeD are ignored. This command may not be data 
chained. 

6.3.2.16 Reserve Unit (direct and sequential access) 

The reserve unit command is used to reserve logical units for the use of the initiator. The 
reserve and release commands provide the basic mechanism for contention resolution in 
multiple-initiator systems. 

The extent is specified as the entire unit.' The reservation identification is specified as zero and 
third party reservation is not supported through this command. The real data address and the 
byte count field of the IOeD are ignored. This IOeD may not be data chained. 

6.3.2.17 Inquiry (direct and sequential access) 

The inquiry command requests that information regarding the parameters of the target and its 
attached peripheral device(s) be sent to the initiator. The byte count field for this command 
(IOeD) and any other IOeDs that are data chained to it, are added together to obtain the 
total allocation length. The real data address of each IOeD specifies the buffer address( es) for 
the inquiry data. 

6.3.2.18 Release Unit (direct and sequential access) 

The release unit command is used to release a previously reserved logical unit. It is not an 
error for an initiator to attempt to release a reservation that is not currently active. In this 
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case, the target returns GOOD status without altering any other reservations. 

Logical Unit Release - This command will cause the target to terminate a.ll logicai unit 
reservations that are active from the initiator to the specified logical unit. 

For the MFP, the extent is specified as the entire unit. The reservation identification is 
specified as zero and the third party reservation is not supported through this command. The 
real data address and byte count field of the lOCO are ignored. This lOCO may not be data 
chained. 

6.3.2.19 Transfer Command Packet (direct and sequential access) 

The transfer command packet (TCP) command sends a SCSI COB to a peripheral device. If a 
data transfer is requested, this lOCO must be command chained to a read or write lOCO. 
Data chaining is not permitted. The COB can reside in memory on any byte bounded address. 
A count of less than 6 in the TCP lOCO results in the return of program check status. 

If an error occurs during execution of a TCP lOCO that has been command chained to a read 
or write, the JOCLA in the returned status will reflect the read or write lOCO plus eight, 
rather than the TCP lOCO plus eight. 

To command chain two class "F2" lOCOs, the TCP lOCO must be followed by a read or write 
lOCO. This read or write lOCO is then command chained to the actual class "F2" IOCD. 

6.3.2.20 Space Many Filemarks (sequential access only) 

The space many filemarks command provides a means for the initiator to request that the 
target space a specified number of spaces to the next filemark. This command is only valid for 
sequential access peripheral devices. The byte count field of the lOCO is used as the count field 
of the COB. The real data address of the 10CD is ignored. This IOCD may not be data 
chained. 

6.3.3 Non-Optimized SCSI Support, Class Fl 

The SCSI support of class Fl protocol commands is considered non-optimized, because it 
involves more software/firmware overhead than the standard class F protocol. The increase in 
software overhead is attributed to the fact that most I/O operations require at least 2 lOCOs, 
unless no data is transferred. Any SCSI COB can be executed by building it in memory and 
transmitting it to the SCSI controller through the use of a D3 command. To do so, the 03 
command of an lOCO is chained to a read or write lOCO command. The lOCO command 
contains the data buffer address and count. See figure 6-2 for an illustration of the SCSI class 
Fl protocol. 

The SCSI class Fl protocol looks the same to the software as the class F protocol with the 
exception of a special transfer command packet lOCO containing the command D3. The 
address in this lOCO points to the actual SCSI command descriptor block that is to be sent 
across the SCSI bus to a targeted controller. If any data is transferred, this transfer command 
packet command must be command chained to a read or write lOCO which points to the 
associated data buffer. The length of the COB to be sent to the SCSI peripheral device must 
be contained in the byte field of the transfer command packet lOCO. 
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6.3.4 Optimized SCSI Support, Class F2 

The SCSI support of class F2 protocol is optimized because it involves the translating of IOCDs 
into the appropriate SCSI COB command by the MFP. Optimization is realized because it 
improves the efficiency of the software by reducing the need to format both lOCOs and SCSI 
COBs. See figure 6-3 for an illustration of the SCSI class F2 protocol. 

Because of the diversity of the SCSI CDBs, only a limited number of conversions from IOCD to 
COBs are implemented under class F2 protocol. This includes special support for direct (disk) 
and sequential (tape) access peripheral devices. Note, inquiry and request sense should work on 
any SCSI peripheral device. Also, the COB built during reads and writes may be grouped in 
either Group 0 or Group 1, depending upon the byte count and block address requested. 

NOTE 

The class F2 subset of commands is adequate to operate 
either disk or magnetic tape in an operating software 
environment; however, both mode initialization and 
diagnostics must be performed using the class FI protocol. 

6.3.5 Mixing Class Fl and F2 Protocols 

Class FI and F2 protocol operations may be mixed together within the same 10CL. For 
example, a class Fl read command can be command chained to a class F2 sense command as 
follows: SCP-READ-REAO-SENSE; in this example, the first three lOCOs are from a single 
SCSI read operation, with the sense being executed as a SCSI request sense operation. Note, 
the channel creates the SCSI COB solely from the information contained in the 10CL for each 
start I/O. Read or write 10CDs may be interleaved with other types of lOCOs in the class F2 
IOCL, that is to say, a valid sequence could be SEEK-REAO-READ-SENSE-WRITE. 

The MFP channel differentiates between the various I/O classes based upon which class of I/O 
addressed peripheral device is designated to run. However, controllers on either SCSI bus (SCSI 
bus 1 or SCSI bus 2) can be driven by either class FI or class F2 protocol, or a combination of 
them. 

Command chaining a TCP (class Fl) to a non TCP (class F2) requires at least one read or 
write lOCO following the TCP or else the non TCP lOCO may not be decoded correctly. TCPs 
may be command chained directly to another TCP as long as there are no data transfers 
expected. 

6.4 Line Printer 

The 1.1FP supports one line printer. The line printer port IS a parallel line interface. The 
subaddress for this port is X"F8". 
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6.4.1 Line Printer Control Commands 

The line printer control commands supported by the ~fFP allow paper moves to occur without 
a data transfer instruction (when there is no data in the line printer's data buffer). Note: the 
printers data buffer can be cleared by executing the clear buffer command. 

The line printer control commands supported by the MFP are: 

• No operation 
• Control command 
• Do paper control {force print} 
• Line advance skip count 
• Advance to top of form (TOF) 
• Clear line printer buffer 

The bit format for the line printer control commands are illustrated in figure 6-4. Bit seven is 
the most significant bit. Bits zero through five are modifier bits to the basic control command. 
If no modifier bits are defined in the command, a no operation command is executed. A no 
operation command performs no actions; however, channel-end/device-end status is returned to 
software. When a modifier bit is set, that appropriate action takes place. 

If more than one function is to be executed at anyone time, the sequence of execution for the 
control command functions are: clear the line printer buffer, advance to the top of form, and 
line advance skip count. The following sections describe the functions of the line printer control 
commands. . 

6.4.1.1 Do Paper Control (Force Print) 

The do paper control (force print) command is defined by setting bit 5. This command causes 
the line printer to print the contents of its buffer prior to completion of this control command. 
If this bit is not set, the line advance skip count command and advance to the top of form 
command functions will not be executed until one of the following two events occur: one, the 
execution of a control command with the do paper control bit set, or two, the line printer 
receives a carriage return character. The carriage return character forces the printer to print 
the contents of the buffer. 

6.4.1.2 Line Advance Skip Count 

The line advance skip count command is defined by setting bits 2 and 3. This command defines 
how many vertical space lines the printer should place between each line of text. The number 
of lines to be skipped are determined by setting bits 2 and 3 as follows: 

Bits- 2 3 

0 0 
0 1 
1 0 
1 1 

6-12 

Definition 

Skip 0 lines (carriage return) 
Skip 1 line 
Skip 2 lines 
Skip 3 lines 
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COMMAND 

xlxlxlxlo Ix/llt I I I I I I I I I I I I I I I I I I I I I I L 
00 01 02 03 04 OS 00 f1T 08 00 10 11 12 13 14 16 18 17 18 10 20 21 22 23 24 25 28 27 28 20 30 31 

Command - Bits 0 - 7: 

Bits Hex Command 

0 1 2 3 4 5 6 7 

0 0 0 0 0 0 1 1 03 No operation 
M M M M 0 M 1 1 -- Control command 
0 0 0 0 0 1 1 1 07 Do paper control (force print) 
0 0 1 1 0 0 1 1 33 Line advance skip count 
0 1 0 0 0 0 1 1 43 Advance to top of form (TOF) 
1 0 0 0 0 0 1 1 83 Clear line printer buffer 

Bits 8 - 31: not defined 

Notes: 

1) X = variable bit 

2) M = modifier bit 

( Figure 6-4. Line Printer Control Commands Word Format 
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The line feed character X"OA" is sent to the line printer whenever the skip one, two, or three 
lines command is executed (X"OA" for skip one line, X"OAOA" for skip two lines, and 
X"OAOAOA" for skip three lines). The number of line feed characters sent to the line printer 
depends upon which skip instruction is used. Executing skip 00 causes the carriage return 
character X"OD" to be sent to the line printer. Executing the advance to the top of form 
instruction causes the form feed character X"OC" to be sent to the line printer. 

6.4.1.3 Advance to Top or Form 

The advance to top of form command is defined by setting bit 1. When bit one is set, it 
instructs the line printer to advance the paper to the top of the form. This bit is only used if 
the line printer contains a vertical format unit (VFU). Executing the advance to top of form 
command causes the form feed character X"OC" to be sent to the line printer. 

6.4.1.4 Clear Line Printer Buffer 

The clear line printer buffer command is defined by setting bit o. When bit zero is set, it 
instructs the line printer to clear its buffer. Clearing the line printer buffer always takes place 
prior to other operations selected by this control command. 

6.4.2 Paper Control Instruction 

The paper control instructions may be embedded in the data stream. The code for the different 
paper control instructions, the number for each instruction, as well as, the definition of each 
instruction are unique to each individual line printer. Therefore, they are not described in this 
document. Refer to the individual line printer manuals for a description of paper control 
instructions. 

The paper control instructions must have the most significant bit set to one (1) because the 
controller uses this bit (the eighth bit) to generate a signal to inform the line printer that the 
data must be interpreted as a paper control instruction. The paper control instruction format 
is as follows: 

11 17-BIT CODE I 

The format for commands and data embedded into the data stream is as follows: 

I LF I DATA I FF I DATA I CR I DATA I LF I LF I LF I 
The sequence of events described in the above illustration are: line feed, data, followed by a 
form feed, data, followed by a carriage return, data, followed by three line feeds. 
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The order in which data and commands are embedded is unrestricted. The control characters 
embedded in the data stream are executed by the line printer without entering its data buffer. 
It should be noted that different line printers have different maximum line lengths. For 
example, a line printer could have a maximum line length of 136 bytes; therefore, for this 
example, the data streams would have to be limited to a maximum length of 136 bytes of data 
between control characters. These embedded control characters must be the actual ASCII 
codes recognized by the line printer. 

6.4.3 Line Printer Write Commands 

The line printer write commands transfer data to the line printer for printing. The bit format 
for the write commands are illustrated in figure 6-5. Bit seven is the most significant bit and 
bits zero through five are the modifier bits to the basic write command. If no modifier bits are 
set, the command will do a write without a carriage return or carriage advance. If any of the 
modifier bits are set, the appropriate action will take place. 

If more than one instruction is executed at the same time, the sequence of execution for the 
control command functions are: clear the line printer buffer, advance to the top of th~ form, 
and skip lines. The following sections describe the function of the modifier bits. 

6.4.3.1 Allow Paper Control 

The allow paper control command is defined when bit 5 of the write command is set to one. 
This command allows for automatic insertion of control commands in the data. The control 
commands are carriage I:eturn (CR), line feed (LF), and top of form (TOF). The are defined in 
command bits one, two, and three, respectively. When this bit is set to zero, all control 
commands must be inserted in either the data stream, or, sent by the user as an individual 
control command. 

6.4.3.2 Post Print 

The post print command is defined when bit 4 of the write command is set to one. This 
command allows for carriage control operations prior to printing data. When this bit is set to 
zero, it indicates that the line printer should first print data, then perform carriage control 
operations (pre-print). 

6.4.3.3 Line Advance Skip Count 

The line advance skip count command is defined by bits 2 and 3 of the write command. These 
bits specify the number vertical space lines the printer should place between each line of text. 
The number of lines to be skipped are determined by setting bits 2 and 3 as follows: 

Bits- 2 3 Definition 

0 0 Skip 0 Jines (carriage return) 
0 1 Skip 1 line 
1 0 Skip 2 lines 
1 1 Skip 3 lines 
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I I I I I I 

COMMAND 

xTxlxlxlxlxloll I I I I I I I I I I I I J J II I I I I I I I 
00 01 02 03 04 06 01 rtT 08 00 10 11 12 13 14 16 18 17 18 10 20 21 22 23 24 26 28 27 28 20 30 31 

Command· Bits 0 • 7: 

Bits Hex Command 

" 
0 1 2 3 4 5 6 7 

0 0 0 0 0 0 0 1 01 Write with no carriage return 
M M M M M M 0 1 -- Write command 
0 0 0 0 0 1 0 1 05 Allow paper control 
0 0 0 0 1 0 0 1 09 Post print (do carriage control 

before printing) 
0 0 1 1 0 0 0 1 31 Line advanc~ skip count 
0 1 0 0 0 0 0 1 41 Advance to top of form (TOF) 
1 0 0 0 0 0 0 1 81 Clear line printer buffer 

Bits 8 - 31: not defined 

Notes: 

1) X = variable bit 

2) M = modifier bit 

Figure 6-5. Line Printer Write Commando Word Format 
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The line feed character X"OA" is sent to the line printer whenever the skip one, two, or three 
lines command is executed (X"OA" for skip one line, X"OAOA" for skip two lines, and 
X"OAOAOA" for skip three lines). The number of line feed characters sent to the line printer 
depends upon which skip instruction is used. Executing skip 00 causes the carriage return 
character X"OD" to be sent to the line printer. Executing the advance to the top of form 
instruction causes the form feed character X"OC" to be sent to the line printer. 

6.4.3.4 Advance To Top Of Form 

The advance to top of form command is defined by setting bit 1. When bjt one is set, it 
instructs the line printer to advance the paper to the top of the form. This bit is only used if 
the line printer contains a vertical format unit (VFU). Executing the advance to top of form 
command causes the form feed character X"OC" to be sent to the line printer. . 

6.4.3.5 Clear Line Printer Buffer 

The clear line printer buffer command is defined by setting bit O. When bit zero is set, it 
instructs the line printer to clear its buffer. Clearing the line printer buffer always takes place 
prior to other operations selected by the control command and write command. 

6.4.4 Line Printer Sense Command 

The line printer sense command (X"04") returns four bytes of sense information to software. 
The first two bytes contain status flags as follows: 

Sense Data Byte Zero 

Bits- 0 1 2 3 4 5 6 7 Definition 

0 0 1 0 0 0 0 0 Bus out check 
0 1 0 0 0 0 0 0 Operator intervention required 
1 0 0 0 0 0 0 0 Command reject 

Sense Data Byte One 

Bits- 0 1 2 3 4 5 6 7 Definition 

0 0 0 0 0 0 0 1 Top of form 
0 0 0 0 0 0 1 0 Beginning of form 
0 0 0 1 0 0 0 0 Off line 
0 0 1 0 0 0 0 0 Device check 
0 1 0 0 0 0 0 0 Device power 
1 0 0 0 0 0 0 0 Device verify 

The last two bytes of sense data contain the remaIning byte count in the line printer 
controller; however, it is not transferred to the device. The remaining byte count should always 
be zero. 
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6.4.4.1 Bus Out Check 

Bus out check, when equal to one, indicates that a parity error has been detected during the 
execution of the previous command. 

6.4.4.2 Operator Intervention Required 

Operator intervention required, when equal to one, indicates that the line printer IS not 
operational. Refer to byte one of the sense data to determine the exact problem. 

6.4.4.3 Command Reject 

Command reject, when set to one, indicates that the controller received an invalid command. 
The command is not executed a.nd a unit check status is returned. 

6.4.4.4 Top of Form 

Top of form, when set to one, indicates that the line printer is at the top of the form. This bit 
is only significant if the line printer has a vertical format unit (VFU) specified. 

6.4.4.5 Beginning of Form 

Beginning of form, when set to one, indicates that the line printer is at the beginning of the 
form. This bit is only significant if the line printer has a vertical format unit (VFU) specified. 

6.4.4.6 Off Line 

Off line, when set to one, indicates that the line printer is off line. This bit, when set, is always 
accompanied by bit one of byte zero (operator intervention required). 

6.4.4.7 Device Check 

Device check, when set to one, indicates that the line printer is not ready. This bit, when set, 
is always accompanied by bit one of byte zero (operator intervention required). 

6.4.4.8 Device Power 

Device power, when set to one, indicates that the line printer does not have power. This bit, 
when set, is always accompanied by bit one of byte zero (operator intervention required). 

6.4.4.9 Device Verify 

Device verify, when set to one, indicates that the line printer's interface cable is disconnected. 
This bit, when set, is always accompanied by bit one of byte zero (operator intervention 
required ). 
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6.4.5 Channel Status Responses 

The line printer controller returns one of three variations of channel status upon the 
completion of each command. The channel status is in the form of a line printer (device) status 
byte. The line printer status byte is defined as follows: 

Line Printer Status Byte 

6.4.5.1 Normal Completion 

X"OC" 
X"OE" 
X"OO" 

Definition 

Normal completion 
Unit check 
Unit exception 

Normal completion status is returned when the operation is successfully completed and the 
carriage is not at the bottom of the form. 

6.4.5.2 Unit Check 

Unit check status is returned when the operation has been aborted because of a problem that 
exists in the line printer. To determine what the problem is, issue a sense command. 

6.4.5.3 Unit Exception 

Unit exception status is returned when the carriage is at the bottom of the form and the line 
printer has successfully completed an operation. 

6.5 Asynchronpus Port Support 

The MFP supports eight asynchronous ports, each port is assigned a channel subaddress for 
receive and transmit functions. The subaddresses of the ports are EO through EF, they are 
configured as follows: 

Port Receive Subaddress Transmit Subaddress 

o EO E8 
1 E1 E9 
2 E2 EA 
3 E3 EB 
4 E4 EC 
5 E5 ED 
6 E6 EE 
7 E7 EF 
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Note 

The MFP will only respond to EO and E8 when the jumper 
X3-1 is installed. 

6.5.1 Asynchronous Port Write Commands 

The write commands supported by the asynchronous ports are: write, write with input 
subchannel monitoring, and write with hardware flow control only. All write commands must 
use subaddresses E8 through EF (hexadecimal). Data Set Ready (DSR) must be true when a 
write command is issued or the command will be rejected with a unit check. Exception, when a 
write command is issued to a port that is full duplex with modem ring enabled, the DSR check 
is bypassed. The write commands are configured as follows: 

Bits- 0 1 2 3 4 5 6 7 Hex Definition 

0 0 0 0 0 0 0 1 01 Write 
0 0 0 0 0 1 0 1 05 Write with input subchannel monitoring 
0 0 0 0 1 I 0 1 OD Write with hardware flow control only 

6.5.1.1 Write 

The write command causes a block of data (1 to 65,535 bytes) to be transferred from main 
memory to the addressed subchannel. A channel end/device end (CEjDE) status is returned at 
the completion of the command. Note, read commands are accepted on the corresponding 
subchannel. 

6.5.1.2 Write with Input Subchannel Monitoring 

The write with input subchannel monitoring command causes a block of data to be transferred 
to a device while simultaneously monitoring the corresponding input subchannel for receipt of a 
DC3 (X-OFF = 13 hexadecimal), DC1 (X-ON = 11 hexadecimal), or, ETX (End of Text = 03 
hexadecimal) character. 

If a DC3 is received, the output function is suspended until a DCI command is received. After 
the command is completed, the port will continue to monitor for a DC3 until a new write or 
write with hardware flow control only command is issued, or, until the port is reinitialized. 

If an ETX character is received while the write command is active, an orderly termination of 
the output function occurs and CE/DE device status is returned. 

This command also monitors the clear to send (CTS) line; if the CTS line goes false, data 
transmission is temporarily suspended until CTS goes true again. This is a hardware function 
only, it should be used for devices with high transmission rates. 

Data received that is not DCI, DC3, or ETX, is placed in a type-ahead buffer. 
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6.5.1.3 Write with Hardware Flow Control Only 

The write with hardware flow control only command monitors the clear to send (CTS) line for 
flow control only. When this command is active, the read command is accepted on the 
corresponding read subchannel. 

6.5.2 Asynchronous Port Read Commands 

The asynchronous port read commands are: read, read echoplex, read with flow control, read 
with hardware flow control only. All read control commands must use subaddresses EO through 
E7. Data Set Ready (DSR) must be true when a read command is issued or the command will 
be rejected with a unit check. Exception, when a read command is issued to a port that is full 
duplex with modem ring enabled, the DSR check is bypassed. 

The asynchronous port read commands are configured as follows: 

Bits- 0 1 2 3 4 5 6 7 Hex Definition 

0 A S P 0 0 1 0 X2 Read 
0 A S P 0 1 1 0 X6 Read echoplex 

* 0 A S P 1 0 1 0 XA Read with flow control 
0 A S P 1 1 1 0 XE Read with hardware flow control only 

* If bit 0 is set in the command byte, DTR is used for flow control. 
If bit 0 is reset in the command byte, RTS is used for flow control. 

Key: 

A ASCII control character detect. 
S special character detect. 
P purge input buffer. 
X variable. 

6.5.2.1 Read 

The read command causes a block of data to be transferred to main memory from the 
addressed subchannel. 

Data received before the read command is stored, it is included in the read. If the purge bit is 
set, the data received before the read command is dumped, only the data received after the 
read command is moved to system memory. Each receive subchannel has two 256 byte buffers. 
If both buffers are full (without a read command pending), the contents of the first buffer is 
dumped and becomes the second buffer. When this occurs, the sense overflow bit is set. 

If the special character detect bit is set, the input operation is terminated whenever a 
previously defined eight bit character is received. At this point, the input operation is 
terminated and the special character is written into memory as the last character. The 
command is terminated with CE/DE device status and the special character detect bit is set in 
the sense data. 
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If the ASCII control character detect bit is set, the input operation is terminated whenever a 
control character (hexadecimal 00 through IF) or delete character (hexadecimal 7F) is 
detected. The last character written into memory, is the ASCII control character. Data 
received after the ASCII control character is stored in the type ahead buffer. 

6.5.2.2 Read Echoplex 

The read echoplex command allows a block of data to be read while all printable ASCII 
characters are sent to the corresponding subchannel. 

If a write command is attempted on the output subchannel, a busy status will be returned. The 
command bits supported by this command are: purge, ASCII control character detect, and 
special character detect. 

6.5.2.3 Read with Flow Control 

The read with flow control command is the complement to the write with input suochannel 
monitor mode command. Once this command is issued, the subchannel will stay in this mode 
until a non flow control read command is issued. When the subchannel has filled a buffer with 
456 bytes of data, without a read large enough/read pending command to free the buffer, it 
will send a X-OFF (hex 13) character out of the write subchannel. At the same time, either 
DTR (if bit 0 is set in the command), or, RTS (if bit 0 is reset in the command) is reset. When 
the subchannel frees a buffer, a X-ON (hex 11) is issued. 

The command bits supported by this command are: purge, ASCII control character detect, and 
special character detect. 

6.5;2.4 Read with Hardware Flow Control Only 

The read with hardware flow control only command is functionally equivalent to the read flow 
control command; except, only the hardware lines are toggled. Xon/Xoff characters are not 
sent out on the corresponding subchannel. 

The command bits supported by this command are: purge, ASCII control character detect, and 
special character detect. 

6.5.3 Asynchronous Port Control Commands 

The asynchronous port control commands (bits 0 through 7) supported by the MFP are as 
follows: 
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Bits- 0 1 2 3 4 5 6 7 Hex Definition 

0 0 0 0 0 0 1 1 03 No operation (NOP) 
0 0 0 0 0 1 0 0 04 Sense - not a control command 
0 0 0 0 1 0 1 1 OB Define special character (one byte follows) 
0 0 0 1 0 0 1 1 13 Reset data terminal ready 
0 0 0 1 0 1 1 1 17 Set data terminal ready 
0 0 0 1 1 0 1 1 IB Reset request to send 
0 0 0 1 1 1 1 1 IF Set request to send 
0 0 1 1 0 0 1 1 33 Reset break 
0 0 1 1 0 1 1 1 37 Set break 
0 1 0 0 1 0 1 1 4B Enabled port drivers 
0 1 0 0 1 1 1 1 4F Disable port drivers 
0 1 0 1 0 0 1 1 53 Transparent flow control 
1 1 1 1 1 1 1 1 FF Define parameters (three bytes follow) 

6.5.3.1 No Operation 

The no operation (NOP) command does not cause any activity at the subchannel; however, it 
does cause a CE/DE device status byte to be returned to software. 

6.5.3.2 Sense 

The sense command causes eight bytes of sense information to be transferred to main memory. 
The sense information pertains to the addressed asynchronous port. 

Sense Byte 0: Device Sta.tus 

The first six bits of byte 0 are standard for all controllers; however, the MFP only uses bits 0, 
3, and 4. 

Bits- 0 1 2 3 4 5 6 7 Definition 

1 Command reject (program violation) 
0 not used (always O) 

0 not used (always O) 
1 Equipment check 

1 Data check 
0 not used (always O) 

0 not used (always 0) 
0 not used (always 0) 
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The description of each status bit is as follows: 

Command Reject (bit 0) - This bit indicates that an improper command has been received 
and ignored. If a port is defined as half-duplex, a command reject occurs when a write with 
subchannel monitoring, or, a read echoplex command is executed. When an undefined command 
occurs, a program violation is also indicated. Unit check status is returned when a program 
violation is encountered. Note, a busy condition, not a program violation, is generated if a read 
command is received during a write operation, or, a write command is received during a read 
operation while the controller is in the half-duplex mode. 

Equipment Check (bit 3) - This bit indicates that an I/O device malfunction has occurred 
during the last operation. This bit is set when either the data set ready line, or, the carrier 
detect line goes low while the data terminal ready line is high (true). In full-duplex mode, an 
equipment check indication will occur if the clear to send line goes low while the RTS line is 
high. In either situation, the 1/0 operation is halted, unit check status is posted, and a unit 
check interrupt is issued. 

Data Check (bit 4) - This bit indicates that either the data is in error, or, the data is lost. 
For this bit to be set, an overrun, parity, or framing error must have occurred during input. 
The I/O operation is halted, unit check status is posted, and a unit check interrupt is issued. 

Sense Byte 1: Line Status and Error Conditions 

Bits- 0 1 2 3 4 5 6 7 Definition 

1 ASCII control character detected 
1 Special character detected 

1 ETX detected 
1 Break interrupt 

1 Framing error 
1 Parity error 

1 Overrun 
1 Wake-up character detected 

The description of each status bit is as follows: 

Ascn Control Character Detected (bit 0) - This bit indicates that an ASCII control 
character (hexadecimal 00 through 7F) has been received during the last read operation. The 
ASCII control character detect modifier bit (bit 1) must be set in the read command byte to 
cause this status condition. All buffered data, including the ASCII control character, is sent to 
main memory. The CE/DE status is posted and a CE/DE interrupt is issued. 

Special Character Detected (bit 1) - This bit indicates that the previously defined byte has 
been received during the last read operation. The special character detect modifier bit (bit 2) 
must be set in the read command byte to cause this status condition. All buffered data, 
including the special character, is sent to main memory. The CE/DE status is posted and a 
CE/DE interrupt is issued. 
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ETX Detected (bit 2) - This bit indicates that an ETX control character has been received, 
thus terminating the port's output. The only command which can cause this situation is a 
write with input subchannel monitoring command to a full-duplex port. Output is terminated 
immediately, CE/DE status is posted, and a CE/DE interrupt is issued. 

Break Interrupt (bit 3) - This bit indicates that the data line has been held in the spacing 
state (logic state 0) for a period that is longer than a full character time period. If a read 
operation was in progress, the unit exception status is posted, and a unit exception interrupt is 
issued. Framing error (bit 4) is also set. If there were no I/O operations in progress, the 
attention status is posted. Only one break interrupt is accepted between each read operation. 

Framing Error (bit 4) - This bit indicates at least one character in the last read operation 
did not have a valid stop bit. If this bit is set without the break interrupt bit, a unit check 
status will be posted, and a unit check interrupt will be issued. 

Parity Error (bit 5) - This bit indicates that at least one character in the last read operation 
did not have the correct parity. When this occurs, the data check bit in sense byte 0 is set, unit 
check status is posted, and unit check interrupt is issued. 

Overrun (bit 6) - This bit indicates that the internal 256 byte type ahead buffer has been 
overrun with data, or, that the data has been lost at the DUART controller. This condition 
occurs because data was not read fast enough from its holding register. 

Wake-up Character Detected (bit 7) - This bit indicates that a wake-up character has been 
received when a read operation was not in progress. When this condition occurs, attention 
status is posted and an attention interrupt is issued. 

Sense Byte 2: Modem Status 

Bits- 0 1 2 3 4 5 6 7 Definition 

1 Received line signal detect status 
1 Ring indicator line status 

1 Data set ready line status 
1 Clear to send line status 

1 Delta receive line signal detect 
1 Modem ring interrupt 

1 Delta data set ready 
1 Delta clear to send 

The description of each status bit is as follows: 

Received Line Signal Detect Status (bit 0) - This bit indicates the logic condition of the 
RLSD input signal. When this bit is set, the signal is true. 

Ring Indicator Line Status (bit 1) - This bit indicates the logic condition of the RI input 
signal. When this bit is set, the signal is true. 
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Data Set Ready Line Status (bit 2) - This bit indicates the logic condition of the DSR input 
signal. When this bit is set, the signal is true. 

Clear To Send Line Status (bit 3) - This bit indicates the logic condition of the CTS input 
signal. When this bit is set, the signal is true. 

Delta Receive Line Signal Detect (bit 4) - This bit indicates that the receive line signal 
detect (RLSD) input signal. has gone low while a read operation was in progress. The read 
operation is terminated, unit check is posted, and a unit check interrupt is issued. 

Modem Ring Interrupt (bit 5) - This bit indicates that the ring indicator (RI) signal has 
changed states (trailing edge only). If the modem ring enable bit is set during the initialization 
of byte 1, the controller will generate an attention status. The DTR line must then be set, by 
software, to answer the phone. 

Delta Data Set Ready (bit 6) ~ This bit indicates that a transition occurred on the data set 
ready (DSR) input signal. If a read operation was in progress, it is terminated with unit check 
status posted and a unit check interrupt issued. If a read operation was not in progress and a 
DTR line is high, attention status is posted and an attention interrupt is issued. 

Delta Clear To Send (bit 7) - This bit indicates that the clear to sent (CTS) input signal 
shifted from high to low. If a rea.d operation was in progress (full-duplex mode), or, a write 
operation is in progress (half-duplex mode), the operation is terminated, unit check status is 
posted, and a unit check interrupt is issued. 

Sense Byte 3: Modem Control/Operation Mode 

Bits- 0 1 2 3 4 5 6 7 Definition 

1 Half-duplex operation 
1 Modem ring enabled 

1 Line parameters defined 
1 Diagnostic mode set 

1 Port drivers disabled 
0 not used (always 0) 

1 Request to send (RTS) 
1 Data terminal ready (DTR) 

The description of each status bit is as follows: 

Half-duplex operation (bit 0) - This bit indicates that the port is designated for half-duplex 
operation. If this bit is not set, the port is designated for full-duplex operation. 

Modem ring enabled (bit 1) - This bit indicates that the port is designated for modem ring 
enabled. If this bit is set, the subchannel responds to a modem line ring interrupt. When this 
condition occurs, an attention status interrupt is issued. The DTR line is not set by the 
subchannel, it is the responsibility of software to set or reset the DTR signal. 

Line parameters defined (bit 2) - This bit indicates that the subchannel DUART has been 
initialized with the control command form feed (FF). 
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Diagnostic mode set (bit 3) - This bit indicates that the diagnostic loop-back feature of the 
DUART is enabled and all data transmitted is received on the corresponding receive 
subchannel. Only data is looped-back, modem signals are not. 

Port drivers disabled (bit 4) - This bit indicates that the port's drivers, data and modem 
control line RS-423, are in a disabled or high impedance mode. When this bit is set, the signal 
is true. 

Request to send (RTS) (bit 6) - This bit indicates the logic condition of the request to send 
(RTS) output signal. When this bit is set, the signal is true. 

Data terminal ready (DTR) (bit 7) - This bit indicates the logic condition of the data 
terminal ready (DTR) output signal. When this bit is set, t~e signal is true. 

Sense Byte 4: Line Parameters 
:, \ 

Bits- 0 1 2 3 4 5 6 7 Definition 
'. ".,." 

0 not used (always 0) 
0 Break reset 
1 Break set 

0 Normal parity as defined 
1 Force parity to 1 if odd, 0 if even 

0 Odd parity 
1 Even parity 

0 Parity disabled 
,- I Parity enabled 

0 One stop bit 
1 Two stop bits or (1 1/2 stop bits 

for five-bit characters) 
0 0 Five-bit character length 
0 1 Six-bit character length 
1 0 Seven-bit character length 
1 1 Eight-bit character length 

The description of each status bit is as follows: 

Break Set (bit 1) - When this bit is set, the data output line is held in the spacing (logic 0) 
state. 

Forced Parity (bit 2) - When this bit is set, the parity bit will always be a one for odd 
selected parity, or, a zero for even selected parity. 

Even/Odd Parity (bit 3) - When this bit is set, even parity has been selected. 

Parity Enabled (bit 4) - When this bit is set, the proper parity is generated during a~ output 
operation and checked during an input operation. 

Stop Bits (bit 5) - When this bit is set, two stop bits are transmitted with each character, as 
well as, expected to receive two stop bits with every character. If the character length has been 
defined as five bits, then one and one half stop bits are transmitted and received. If thisbit,is 
not set, one stop bit is transmitted and received. 
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Character Length (bits 6 and 7) - These two bits indicate the character length for 
transmitted and received data. 

Sense Byte 4: Line Parameters 

Bits- 0 1 2 3 4 5 6 7 Definition 

0 not used (always 0) 
0 not used (always 0) 

0 Allow wake-up character detection 
1 Inhibit wake-up character detection 

0 not used (always 0) 
0 0 0 0 75 baud 
0 0 0 1 110 baud 

, 0 0 1 0 134.5 baud 
0 0 1 1 150 baud 
0 1 0 0 300 baud 
0 1 0 1 600 baud 
0 1 1 0 1,200 baud 
0 1 1 1 2,000 baud 
1 0 0 0 2,400 baud 
1 0 0 1 4,800 baud 
1 0 1 0 1,800 baud 
1 0 1 1 9,600 baud 
1 1 0 0 19.2K baud 
1 1 0 1 38.4K baud 
1 1 1 0 External clock is 16X 
1 1 1 1 External clock is IX 

The description of each status bit is as follows: 

Inhibit Wake-up Character Detection (bit 2) - When this bit is set, the detection of the 
wake-up character is inhibited. If the bit is not set, the detection of the wake-up character is 
allowed. 

Baud Rate Selection (bits 4, 5, 6 and 7) - These bits represent the baud rate selected for 
the asynchronous port. If the port has not been initialized, these bits will be O. 

Sense Bytes 6 and 7: These bytes'represent the firmware identification and revision level. 

6.5.3.3 Define Special Character 

The define special character command causes a one-byte transfer of data to the controller. 
This transfer contains an eight-bit character that is used for input termination. More than one 
character can be defined for each subchannel. To delete a character, the define parameters 
command (FF) is reissued to delete all special characters. 
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6.5.3.4 Reset Data Terminal Ready 

The reset data terminal ready command resets the DTR signal for the addressed port. The 
DTR signal is automatically reset during a controller clear or power rest operation. 

6.5.3.5 Set Data Terminal Ready 

The set data terminal ready command sets the DTR signal for the addressed port. 

6.5.3.6 Reset Request To Send 

The reset request to send command resets the RTS signal' for ~he addressed port. The RTS 
signal is automatically reset during a device clear, ,a controller clear, or a power reset 
operation. If the port is defined as half-duplex, this', sig~al ~ automatically reset at the 
completion of a write command .. 

~: . 

6.5.3.7 Set Request To Send 

The set request to send command sets the RTS signal (or the addressed port. If the addressed 
port is defined as half-duplex, this signal is automatically set at the start of each write 
command. 

NOTE 

The subchannel will automatically control the signals RTS 
and DTR depending on how the ring enable and full/half­
duplex are defined in the define parameter command (FF). 
If ring is enabled, the line is~umed t~ be remote (Le., 
modem) and both signal are reset. If the ring is not 
enabled, the line is assumed to be. local (i.e., local 
terminal), in this case, the DTR and RTS signals are set if 
the line is full-duplex. If the line is half-duplex, the RTS 
signal is reset. 

6.5.3.8 Reset Bre~k 

The reset break command is used to disable the brea~ feature. ,When this qccurs, it releases the 
serial output line from the clamped (logic 0) state. 

6.5.3.9 Set Break 

The set break command is used to set the serial output line to the. spacing (logic 0) state. This 
state is maintained until a reset break or define parameter command is received: 
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&.5.3.10 Enabled Port Driver's 

The ena.ble port drivers command is used to put the port's data. and modem control line RS-423 
drivers into an active mode. 

6.5.3.11 Disable Port Drivers' 

The disable port drivers command is used to put the port's data and modem control line RS-
423 drivers into an inactive or high impedance mode. 

6.5.3.12 Transparent Flow i O«>ritrol 

The transparent flownbontrolcQmmand allows the MFP to monitor incoming data for user 
definable flow contrhl cha.racters and will automatically stop/start the transmission of data 
from the port when the stop/start characters are received. 

The characters received are not modified in any way and are reported to the read subchannel 
untouched. This mode of operation is controlled through one command. The command (53 hex) 
requires three bytes of information each time it is executed. The first byte of information is the 

, ,Illode byte, the second byte is the stritf character, and the third byte is the stop character. 

Mode Byte (Byte 1): 

Bits- 0 1 2 3 4 5 6 7 Definition 

o 
1 
1 0 
r 1 

Start Character (Byte 2): 

Normal write 
Enable transparent flow control 
Restart on start character only 
Restart on non stop character 

Bits- 0 1 2 3 4 5 6 7 Definition 

c c c c , c c c c Start character 

Stop Character (Byte 3): 

Bits- 0 1 2 3 4: 5 6 7 Definition 

c c c c c c c c Stop character 

When the most significant bit (bit 0) of the mode byte is set to one, the transparent flow 
control mode is enabled. Once enabled, each character is compared to the stop character. 
When the characters match, a write control flag is reset in the MFP's memory. This flag is 
checked by the write character routine before each character is sent out and if the flag is reset 
no write action is taken for that subchannel. If the incoming character is not the stop 
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character, then bit 1 of the mode byte is checked. If bit 1 is zero, then the incoming ~hara.cter 
is compared with the start character. When the characters match, then the write control flag 
is set in the MFP's memory which allows the output of characters to continue. If bit 1 of the 
mode byte is set and the incoming character is not the.. stop character, the flag is set 
unconditionally, allowing the write to start with the reception of 'any character other than the 
stop character., J i,1" 

•• ' ~ 1"0; • 

If the start character and stop character are set' equal to each other, then the write will be 
stopped the first time the character is received and started the second time the character is 
received. This allows a toggling off and on of the outp~t da.~~-wit~, a; ~ingle character. 

, " ". ,. ,.:. .. '" 

This mode of operation should work with any read or ~r~te, cOIll.IIl8:nq$ that does not, use the 
·other subchannel (for example, non-usable commands woul<L i>e read with echoplex, write with 
input subchannel monitoring, or read with flow control). ,.,,' ",,, 

;r-

6.5.3.13 Define Parameters 
"~'~ ,. '-"I ", , 

The define parameters command proceeds a t,h,re~;h~ie': tr~nsje'r w,hich defines the .port 
parameters. The parameters defined are: wake-up ana half- or full-duplex operations. The 
parameters are defined by bytes I, 2, and 3. These parameters are described in the sense status 
section of this manual. 

Define Parameters Byte 1: 
,- ,._--,-.......... -.... 

Bits- 0 1 2 3 4 5 6 7 Definition 

0 Full-duplex operation 
1 Half-duplex operation 

0 Disable modem ring 
1 Enable mO,dem ring 

0 Normal parity as defined 
1 Force parity to 1 if odd, 0 if even 

0 Odd parity 
1 Even ,parity 

0 P~rity .disabled 
1 Parity 'enabled 

0 One stop bit 
1 Two stop bit~ qrJIUJ. l>top bits 

for five-bit characters) 
0 0 Five-bit character length 
0 1 j. Si?,-bitr,character leng,th 
1 .0,. ,s.e:v.en,.bitcharacter length 
1 1 Eight-bit character length 
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Define Parameters Byte 2: 

Bits- 0 1 2 3 4 5 6 7 Definition 

0 not used (always 0) 
0 not used (always 0) 

0 Allow wake-up characte.r detection 
1 Inhibit wake-up character detection 

0 " Reset diagnostic loop 
1 S,et ~iagnostic loop 

0 0 0 0 75 baud 
0 0 0 1 110 baud 
0 0 1 0 134.5 baud 
0 0 1 1 150 baud 
0 1 0 0 300 baud 
0 1 0 I 600 baud 
0 I 1 0 1,200 baud 
0 1 1 1 2,000 baud 
1 0 0 0 2,400 baud 
1 0 0 1 4,800 baud 
1 0 1 0 1,800 baud 
1 0 1 1 9,600 baud 
1 1 0 0 I9.2K baud 
I 1 0 I 38.4K»aud 
I I 1 0 Extern.~l c.lock is 16X 
I I 1 I External clock is IX 

Define Parameters Byte 3: 

... 

Bits- 0 1 2 3 4 5 6 7 Definition 

c c c c c c c c Eight-bit wake-up character 

:l.., 1. 

6.6 Expansion Port 

The MFP's expansion port is an additional I/O channel that is built into the MFP. This 
interface supports class F protocol as previously specified. The specific lOCO commands are 
dependent upon the implementation ,of the controller. 

~ ;' 

If the MFP channel receives an I/O instruction for a ~'ubaddress 'in the range of,X"80" through 
X"DF", or, X"FO through X'F7", it will' be directed to t~!l expansion port. Note that interrupt 
instructions are channel NOT controller related; therefore, they will function even if there are 
no expansion controllers attached to the expansion port addressed. If a controller circuit card 
is not attached to the expansion port, the I/O instruction will not be completed, nor will status 
be returned. For a complete description, refer to the specific MFP expansion port technical 
manual. 
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clear que, 4-12 
clock override, 3-11 
command reject, 6-18 
connector Jl, SCSI bus 1, 2-15 
connector Jl,. address and control, 2-9 
connector J2, SCSI bus 2, 2-16 
connector J3, asynchronous ports 0 - ~, 2-17 
connector J4, Y-Bus, 2-9 
connector J4, asynchronous ports 4 -' 7,2-17 
connector J5, external interrupts and clock, 2-18 
connector J7, line printer, 2-19 
connector J8" turn-by panel, 2-19 
connectors J2 and J3, ROM-SIM, 2-9 
connectors, MFP 01 circuit card, 2-15 
connectors, MFP circuit card, 2-8 

\' 

console CRT operator commands, 3-7 
controller e:nd;.¥22 ,:, 
cont,rols,~.PTcifcuit cal'i1; 2-1 . .4:) "::; ;~;, ' 0,:,'~, 
controls, mdlcators, and connectors, MFP DJ ClrCUltcara, 2-12 
controls, indicators, and connectors, MFP circuit <;ar4.J~-1 
CPU scratchpad~J4-24" ,~', ',':~' , 
CPU scratch pad anai'nternipt vectors, 4-23~''''1'' 
deactivate channel interrupt, 4-32' ' " "', 
define parameters, 6-31 ' 
define special character, 6~28 
delete, 3-13 
device check, 6-18 
device control command, 4-16 
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device entry, 4-24 
devi\':e power, 6-18 
device verify, 6-18 
disable channel interrupt, 4-32 
disable port drivers, 6-30 
do paper control (force print), 6-12 
effective address, 3-10 
enable channel interrupt, 4-32 
enable port drivers, 6-30 
enter consOle mode, 3-8 
enter panel mode, 3-8 
execution of IOCLs,4·13 
expansion port, 6-32 
external interrupt inpu't.,5-4 
external interrupt output, 5-4 
external interrupts, 5·3 
features, 1-1 
functional description, 1-6 
general display indicators, 3-5 
general purpose and base registers display, 3-3 
general purpose registers, 3-10 
halt, 3-10 
halt I/O, 4-11 
incorrect length, 4-21 
indicators, MFP circuit card, 2-6 
initial program load, 3-10 
initiation of I/O, 4-1 
inquiry (direct and sequential access), 6-7 
interface check, 4-22 
internal interrupt polling, 5-2 
interrupt control instructions, 5-2 
interrupt entry, 4-24 
interrupt instructions, 4-31 
interrupt state control flags, 4-30 
interrupt state events, 4-31 
interrupt states, 4-24 
interrupt sta.tes, described, 4-28 
interrupt vector table, 4-24 
interrupts, 4-24 
interval timer, 5-4 
I/O iommand doubleword, 4-13 
I/O status doubleword, 4-18 
lOCO address, 4-19 
IOeD byte count field, 4-18 
lOCO commands supported by the MFP, 4-15 
IOeD flag fields, 4-17 
IOeD prefetching, 4-33 
IOeD real data address fields, 4-17 
jumpers, MFP DI circuit card, 2-12 
jumpers, MFP circuit card, 2-1 
line advance skip count, 6-12 
line adva.nce skip count, 6-15 
line feed, 3-11 
line printer, 6-10 
line printer control commands, 6-12 
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line printer sense command, 6-17 
line printer write commands, 6-15 
load program counter, 3-12 
memory address read, 3-11 
memory address read virtual, 3-11 
memory data write, 3-11 
MFP circuit card, 1-3 
MFP device interface circuit card, 1-3 
mixing class Fl and F2 protocols, 6-10 
no operation, 6-23 
non-optimized SCSI support, class Fl, 6-8 
normal completion, 6-19 
off line, 6-18 
on line/off line switch, MFP circuit card, 2-1 
operator console mode, 3-2 
operator intervention required, 6-18 
optimized SCSI support, class F2, 6-10 
paper control instruction, 6-14 ;" 
parallel printer port, 1-8 
physical description, 1-1 
post print, 6-15 
post program controlled interrupt, 4-19 
program status doubleword, 3-12 
program status word, 3-12 
programming, 4-1 
read,6-21 
read (direct and sequential access), 6-4 
read capacity (direct access only), 6-6 
read command, 4-16 
read control switches, 3-9 
read echoplex, 6-22 
read with flow control, 6-22 
read with hardware flow control only, 6-22 
real time clock, 5-8 
real time function interrupts, 5-1 
reassign block (direct access only), 6-5 
release unit (direct and sequential access), 6-7 
remaining byte count, 4-23 
reserve unit (direct and sequential access), 6-1 
reset, 3 .. 12 
reset break, 6-29 
reset channel, 4-10 
reset controller, 4-12 \! .. ~' 

reset data terminal ready, 6-29 
reset request to send, 6-29 
rewind (sequential access only), 6-6 
rezero (direct access only), 6-6 
rub out, 3-9 
run, 3-12 
scratch pad entries, 5-1 
SCSI commands, 6-3 
SCSI initialization, 6-1 
SCSI ports, 1-8 
SCSI support, 6-1 
secondary general purpose device interface circuit car.d, 1-6 
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set data terminal ready, 6-29 

,_. ~::~~{fts~~U:en:~~~~i~S5< ~!!11JEL., ., "~>.' "'-' ~.--. ".~ •• ~ •. 

.. , .. ___ ._._§.kin lOQQ~s •. ~33 ...... ~_., ... ,~,. """'.,!'."" .'''r·' ...... _ ........ , .. ,_ .. ~··w ... ·'~ ,. . . software, 1~8 . 
....... ~~ ... -. ...,.~s9fl\¥,N~ .• ~ter,~~a ......... ..,.,.·,..·~,,,.· ... ,~, " ... -'. .......... ~ ..... '''' >. 

space many filemarb (sequentia.l acceS5 only), 6-8 
,,~plI.Qer0Qe,.fil8i'l':tadf,~tleMial' MlClee:ott1y}r6-6 

specia.l MFP I/O fllDctiol'lalit,., 4-3~ 
·· .. ··"··--.,.··~··",~peet&eailioM,·-l""~,~~,,,..··"'''' ........ - ..... -,·' ..... -

sta.rt I/O, 4-9 
, ... ,. , .. a···""st1lrt·t/O"que1l'ing;' 4:-32' ~-"' .. ' ~ .. ~- ••. , " 

state indicator displa.y, *\L.",.· ... 
,,,,,.,-.~ 'status flag bit'S;''4-Tg ;f .' ''JI! (J~. 

statu. modifier; 4-22 :3" ":' ~, ...... ,,,- s~ep'r3-13"" ."" .W'. ., . .,."., ,", .. ,.. ..~.,. ,' .• ' .. 

......... __ ._ .• ,~,1i2PJl9L4-!o..,_,~" .... , .... , ............. _ ..... _._.,," . stop comma.nds, 3--8' ... . . 
........ __ ... __ .. _. __ !i\l.9~d.~J.,.1-J~_ ...... _ .. ~" .' ~ ............. -',. ... _ .... " ... 

. . supPortedI/O instructions, 4-6 . 
'" .----";'~~ .. tim.ex:f ~8 " ."....,,""'" ," '.-' -' 

system turnkey panel mode, 3-1 

"""i't.,..." ..... 
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system turnkey panel mode, controls !)ond indicators, 3--3 

i.: ' 

r,l' 1~\<l;'i'Ininliti&n of I/O, 4-5 1-'~1'n·:', 
~,·~qnina.tion via inter}:up~~;~, .. ; .'~X'I~I 

"!): ~ina.tion via test I/O, 4o,5."~,.,,..r p$ :' 
,1. l·test:I/O, 4-9 Ii",,·:~;~i>j>:~~ ~.:, ,~.M 

Y'~'" tbelinterrupt context block (lOB), 4-6 WI·':; 

",\,,;,':I!,,. . top 'offorrn, 6-18 
tralnsfer command packet (direct and sequential access), 6-8 
t.l'ansfer-in"channel command, 4-F 

M"'~ra;fispii'ent flow contr'01;~~~"";" O'!' .• ~ '. <;i!~) 
" '. U'Ilit 'eheck, 4-23,6-19 

""J'!..';.". ·,-unit::ex~ption, 4-23,6-19 rlf. >',~.,\~.' ' .• ~~ 
.;,·,!tru:;~:':~ ~t}:"tlt~"·!Wtit~· ~.20 (T:'1("!lJtcl,Jl1J'l "~1~ .~(t ? .~.) 

:"':'()~""i"Wri~' (~reotand, sequentiar!~~~:ll~~~h'·::, .. 
Wft.~ qommand 4-16 t")~ "\f I~'':'l : 

." . ,. •. ~",:, "l 

write many filemarks (sequential access 'only), 6-6 
~.r~te ,?ne.filemark (sequential access only), .. &;7 
wrlh'rwi'ttfhardware flow control only, 6-~ 'v 

. write with input subchannel monitoring, 6-20 
;. ".,!!: .l~~;~~,: -~(J'':'' 4,} '.~ . .;.' '.~:~.::;.~..l 
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APPLICATIONS (PI._ Indicate) 
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,A. Inventory Control 
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Data Control 
.'. C.\..arge Machine Off·Load 

O. Remote Batch Terminal 
E. Other 

4. Industrial Automation 

A. Continuous Process Control Op. 
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