













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MCALs

CLR.OUT -

Description

6973-1

MCAL 36

The CLR.OUT monitor call clears terminal output.

Input:

Tl PIB number (negative means self)
Output:

none
Data Structure:

modifies the terminal output buffer.

This cancels any terminal output and clears the output roadblock.

Assembly Language 9-9
Confidential and Proprietary to The Ultimate Corp.
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DB.ENT - MCAL 10

The DB.ENT monitor call enters the software debugger.

Input:
none
Output:
debug bit (X'0080") in PIB word zero set

debug bit (X'0080") in PCB ACF field set
Data Structure:

no data structures modified

Description The two debug bits are set and the process is detached. When the
process is next activated, the firmware will use the DCB instead of the
PCB. (only for firmware??)

9-10 Assembly Language 6973-1
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( DB.LV - MCAL 11

The DB.LV monitor call exits software debugger.

Input:

Rr byte zero of the PCB
Output:

debug bit (X'0080") in PIB word zero cleared

debug bit (X'0080') in PCB ACF field cleared
Data Structure:

BT entry for Rr (PCB) set write-required

Description The two debug bits are cleared and the process is detached. When the
process is next activated, the firmware will use the PCB instead of the
DCB. (only for firmware??)

6973-1 Assembly Language 9-11
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DISK.ERR - MCAL 24 “~

Description

9-12

The DISK.ERR monitor call reports disk error from 'stack’ to virtual
process.

Input:
Rr address where disk error information should be put;
this must be at least 32 bytes before the end of a frame.
Output:
Rr 32 bytes of disk error information are copied

Data Structure:

modifies the buffer table (write-required bit set).

This copies the kernel's disk error table to a virtual frame and clears the
table. If the table was empty, zeroes are copied to the virtual frame.

Assembly Language 6973-1
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DISK.STAT - MCAL 38

Description

6973-1

The DISK.STAT monitor call reports disk /O statistics.

Input:

Rr address of buffer to copy statistics to
Output:

none
Data Structure:

no data structures modified

Copies disk statistical counts to Rr.

**More to be supplied??

Assembly Language
Contfidential and Proprietary to The Ultimate Corp.
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DSABL.DSK - MCAL 2C

The DSABL.DSK monitor call disables the disk set.

Input:

none
Output: :

none
Data Structure:

no data structures are modified

Description This is only used by the Ultimate 6000/7000 offline monitor. It
switches the interrupt level of each disk from the disk level to the virtual
device level.

9-14 Assembly Language 6973-1
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FAKE.RD - MCAL 14

Description

6973-1

The FAKE.RD monitor call does a fake disk read (as if R15 has been
frame faulted); that is, it assigns the buffer, but does not do the read.

Input:
R15FID frame number to be fake-read.
Output:
none
Data Structure - the following are modified:
buffer table
age links

disk I/O queues (on some systems)

The memory map is modified so that the FID of an available buffer in
main memory is changed to the FID to be fake-read; but the frame is not
read from disk. This may be used when the virtual process knows the
frame number of a needed frame, but the contents of the frame are
irrelevant. For example, the overflow space manager may get an
available frame number from a table of FIDs. Since the frame will be
initialized after this, the data in the disk frame will not be used.

If the frame is already in main memory, there is no operation. If there
are no available buffers in main memory (an unlikely occurrence), the
frame may actually be read in from disk as usual, at the discretion of the
kernel programmer.

Assembly Language 9-15
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9-16

Caution: The FAKERD monitor call is obsolete. In most cases, the

FAKE.READ monitor call (MCAL 49) should be used instead.
In order for the FAKERD MCAL to actually save any
processing time, R15 must be set up in such a fashion that it
does not artach (which would cause an automatic frame fault
and would read the disk frame into main memory). One way
this can be done is by setting up an SR with the required FID
and a displacement of 1, then moving the SR to RIS just
before the FAKERD. Also, some software systems force all
registers to be always artached. Therefore, R15 would be
antached, and the frame would be auwtomatically read before
the MCAL is executed by the kernel.

Assembly Language 6973-1
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FAKE.READ

Description

6973-1

- MCAL 49

The FAKEREAD monitor call does a fake read. The FID is in DO.

Input:

DO frame to fake read
Output:

none

Data Structure - the following are modified:
buffer table

age links

disk I/O queues (on some systems)

The memory map is modified so that the referenced frame is in memory,
but it is not read from disk. It is assumed that the frame will be
initialized after this.

Assembly Language 9-17
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FAKE.WT - MCAL 15

Description

9-18

The FAKE.WT monitor call does a fake write by zeroing the buffer table
write-required bit of the buffer pointed to by R15, thus making the
buffer available.

Input:

R15FID he frame number to be fake-written.
Output:

none
Data Structure - the following are modified:

buffer table

age links

Normally, when data in a frame stored on disk has been modified, the
write-required flag in the status byte of the buffer is set to indicate that
the frame needs to be written back to disk at some time. If the virtual
process knows that the frame does not need to be written to disk, a
FAKE.WT can be used to clear the write-required flag. For example, a
frame returned to the overflow pool does not need to be saved.

If the frame is not in main memory, no operation is performed.

Assembly Language 6973-1
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6973-1

MCALs

FORCE.WRITE - MCAL 25

The FORCE.WRITE monitor call forces write of designated frame by
enqueueing.

Input:

Rr address of frame to write (should r be 15?7?)
Output:

none
Data Structure:

modifies disk queues.

The purpose of this MCAL is to checkpoint a particular frame, and
schedule it to be written to disk. Normally, when data in a frame has
been modified, the write-required flag in the status byte of the buffer is
set to indicate that the frame needs to be written to disk at some time
(that is, when the buffer has aged or the system is quiescent). But, if
the frame is used frequently, it may tend to stay at the top of the Buffer
Age Queue, which may delay writing it to disk.

When data in a frame is particularly sensitive, the FORCE.WRITE ensures
that the frame whose FID is in R15 will be written as soon as possible.

If the frame is not write-required, this is a NOP.

If the frame is being written, the program counter is backed up to the
beginning of the MCAL and an RQM is executed. This makes the MCAL
wait for previously started writes to complete.

Caution:  Not all kernels support multiple force-writes being active
concurrently, due to a limited number of disk queue
entries.

Assembly Language 9-19
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FRM.LOCK - MCAL 21 -

Description

9-20

The FRM.LOCK monitor call locks designated frame in memory.

Input:
Rr address of any byte within the frame

Output:
H4 high byte of 24-bit byte address of byte O of the frame
HS middle byte of 24-bit byte address of byte O of the

frame
Data Structure:

modifies the buffer table.

This locks the frame in main memory whose FID is in R15, and returns
the memory address in an encoded format where the frame was locked.

While locked, the frame is not considered for replacement. This may
later be used by an VM or MV instruction. The frame will stay in that
memory location until one of the following:

» the FRM.UNLOCK MCAL is used
+ the system is restarted

If the frame is modified by virtual software, the modification will be
reflected on disk.

AN

S
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FRM.UNLOCK - MCAL 20

The FRM.UNLOCK monitor call unlocks designated frame.

Input:
Rr address of any byte within the frame

Output:
none
Data Structure:

modifies buffer table - the corelock bit is cleared

Description None needed.

6973-1 Assembly Language 9-21
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GET.ID - MCAL 9

Description

9-22

The GET.ID monitor call gets device-id for device number in TO.

Input:
TO virtual device number (used as index into Virtual
Device Table)
Output:
T0 0 if no device is configured on that channel; otherwise,
the device ID number is returned.
Tl channel address

Data Structure:

no data structures are modified

If no device exists for that virtual device number, TO is zeroed.

The virtual device number is assumed to be in Ultimate 6000/7000
format; that is, there is one number for the input function of a device and
another number for the output function. On 6000/7000 systems, one of
the channel address bits shows whether the channel is for reception or
transmission. Virtual code uses this bit to select only one of the pair of
entries associated with a given device. '

Assembly Language 6973-1
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INT.CANCEL - MCAL 1E

Description

6973-1

The INT.CANCEL monitor call resets virtual interrupt request.

Input:
T0 virtual device number; if X'FFFF, all virtual devices
for the process.
Output:
none

Data Structure:

modifies the virtual device table.

The interrupts from any I/O operations that the process had started (on
the specified device or on any device) are cancelled. Interrupts from the
devices may still come to the kernel, but the virtual device table is
marked in a way that causes the interrupts to be ignored.

The virtual device number is assumed to be in Ultimate 6000/7000
format; that is, there is one number for the input function of a device and
another number for the output function. On 6000/7000 systems, one of
the channel address bits shows whether the channel is for reception or
transmission. Virtual code uses this bit to select only one of the pair of
entries associated with a given device.

Assembly Language 9-23
Confidential and Proprietary to The Ultimate Corp.



MCALs

LINK.CNT - MCAL 3 .

The LINK.CNTO monitor call counts forward and backward age links.

Input:
none
Output:
T0 number of buffers in age links, counting in the forward
direction.
Tl number of buffers in age links, counting in the

backward direction.
Data Structure:

no data structures are modified

Description This may be used by virtual programs to test the integrity of the age
links. The count should be the same from each direction. The count is
the number of buffers available for paging.

9-24 Assembly Language 6973-1
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LOCK - MCAL 29

Description

6973-1

The LOCK monitor call locks a system resource with an ELSE clause.

Input:
Rr address of a tally to be used as a lock.
Output:
tally atRr  may contain PIB number + 1, with the bytes in
swapped order
INHIBITH incremented if the resource is obtained or already
owned by the process.
Data Structure (the following are modified):
clock request block and links
SNU links

buffer table write-required flag is set

This is used to try to lock a system resource. If the resource is already
locked by another process, a branch instruction that is assembled
immediately following the MCAL is taken.

In assembly language, this is coded as follows:

LOCK REGISTER, LABEL

The assembler uses the label to construct the branch instruction.

The tally pointed to by the register is used as a lock. Zero is the
unlocked condition. When the tally is locked, it contains the PIB number
plus one of the process that set the lock (owns the resource).

The PIB number + 1 is stored with the high and low order bytes reversed
as follows, so that the LSI systems run more efficiently:

Rr low order byte of high order byte of
PIB number + 1 PIB number + 1
Assembly Language 9-25
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The firmware in the LSI systems enables the kernel to efficiently process
the first byte pointed to by Rr, but not the second byte. On the LSI
systems, or any systems that cannot support more than 254 processes,
the high order byte is always zero, and the lock may be treated as a byte
by the kernel. Virtual software should always consider the lock to be a
tally whenever it reads it or initializes it.

If the tally contains a zero, the PIB number + 1 is put into the tally in
byte-swapped order and execution resumes after the branch instruction
that follows the MCAL.

If the tally is not zero, the lock is owned by the PIB represented by the
tally. The execution path depends on the following:

+ If the current process already owns the lock, execution is the same as
if the tally were zero. '

« If the PIB that owns the lock is roadblocked by disk, terminal I/O, or a
trap, or it is active in the other processor of a dual processor system,
the LOCK MCAL is treated as if it were an RQM. In this case, the
virtual program counter is left pointing to the branch instruction, so
the ELSE clause will be taken after the RQM.

+ If the PIB that owns the lock is able to be activated, an attempt is made
to activate it by doing what the PIB.ATL MCAL does. The virtual

program counter is left pointing at the branch instruction that follows
the MCAL.

AT

‘1‘4‘\__/#

Assembly Language 6973-1
Confidential and Proprietary to The Ultimate Corp. ‘



MCALs

LOCK - MCAL 2A

Description

6973-1

The LOCK monitor call locks a system resource.

Input:
Rr address of tally to be used as a lock
Output:
tally at Rr  contains process number + 1, with the bytes in
swapped order
INHIBITH incremented if the resource is obtained or already
owned by the process.
Data Structure (the following are modified):
clock request block and links
SNU links

buffer table write-required flag is set

This 1s used to try to lock a system resource. If the resource is already
locked by another process, a branch instruction that is assembled
immediately following the MCAL is taken.

In assembly language, this is coded as follows:

LOCK REGISTER
The tally pointed to by the register is used as a lock. Zero is the
unlocked condition. When the tally is locked, it contains the PIB number

plus one of the process that set the lock (owns the resource).

The PIB number + 1 is stored with the high and low order bytes reversed
as follows, so that the LSI systems run more efficiently:

Rr low order byte of high order byte of
PIB number + 1 PIB number + 1

The firmware in the LSI systems enables the kernel to efficiently process
the first byte pointed to by Rr, but not the second byte. On the LSI

Assembly Language 9-27
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systems, oOr any systems that cannot support more than 254 processes,
the high order byte is always zero, and the lock may be treated as a byte
by the kernel. Virtual software should always consider the lock to be a
tally whenever it reads it or initializes it.

If the tally contains a zero, the PIB number + 1 is put into the tally in
byte-swapped order and execution resumes after the branch instruction
that follows the MCAL.

If the tally is not zero, the lock is owned by the PIB represented by the
tally. The execution path depends on the following;:

+ If the current process already owned the lock, execution is the same
as 1f the tally were zero.

+ Ifthe PIB that owns the lock is roadblocked by disk, terminal 1/O, or a
trap, or it is active in the other processor of a dual processor system,
the LOCK MCAL is treated as if it were an RQM and the virtual
program counter is backed up to the beginning of the MCAL.

+ If the PIB that owns the lock is able to be actvated, an attempt is made
to activate it by doing what the PIB.ATL MCAL does. The virtual
program counter is backed up to the beginning of the MCAL
instruction.

Assembly Language 6973-1
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MTB - MCAL 4

The MTB monitor call moves a frame (FID) to bottom of age links.

Input:

Rr points to the buffer to move
QOutput:

none
Data Structure:

modifies age links

Description This MCAL makes the specified buffer the first one to be used to satisfy
frame faults or fake reads.

6973-1 Assembly Language 9-29
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MTBF - MCAL 2 ‘

The MTBF monitor call moves a buffer to the bottom of the age links.

Inputs (user specified):

T0 T  buffer number
Output:

none
Data Structure:

modifies age links

Description This MCAL makes the specified buffer the first one to be used to satisfy
frame faults or fake reads.

9-30 Assembly Language 6973-1
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N.GET.ID - MCAL 1A

The N.GET.ID monitor call gets the device ID.

Input:
T3 virtual device number
Output:
TO device ID or zero if device number is too big
Tl channel address
T2 buffer number, in a format appropriate for VIOLD

instructions

Data Structure:

no data structures are modified.

Description The virtual device number is assumed to be in Ultimate 6000/7000
format; that is, there is one number for the input function of a device and
another number for the output function. On 6000/7000 systems, one of
the channel address bits shows whether the channel is for reception or
transmission. Virtual code uses this bit to select only one of the pair of
entries associated with a given device.

6973-1 Assembly Language 9-31
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PANEL - MCAL D

Description

9-32

The PANEL monitor call invokes the remote panel processor Ultimate
6000/7000 system:s.

Input:

TO port number to use
Output:

none
Data Structure:

no data structures are modified

On Ultimate 6000/7000 systems, this starts the PANEL debugger
program running on the port specified by TO.

Assembly Language 6973-1
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PC.MSG - MCAL 48

Description

6973-1

On PC implementations, the PC.MSG monitor call performs a file
transfer.

Input:

read or write flag, drive number, filename, directory

Output:
none
Data Structure:

no data structures are modified

On a PC, the PC.MSG monitor call performs a read or write (as specified
by the flag). On all systems other than a PC, this is an illegal opcode.

On PC implementations, the disk space is partitioned for DOS and
Ultimate operating systems. This MCAL calls a DOS routine to cross the
partiion and move the file data in or out of virtual memory. One item at
a time 1s transferred, in 1024-byte increments.

Assembly Language 9-33
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PERIPH.RD - MCAL 40

Description

9-34

The PERIPH.RD monitor call performs a multi-byte peripheral read.

Input:

TO
H2
H3
Rr

Output:

Tl

N
;

PIB number
count
flags

address to start copying bytes to

number of bytes copied

Data Structure:

modifies the terminal input buffer.

This copies multiple bytes from the designated PIB's terminal input

buffer to the location pointed to by the register.

If TO refers to a PIB other than the one making the monitor call, the TRAP

roadblock is set.

If the input buffer is empty, zero is put in T and execution resumes at

the instruction after the MCAL.

Characters are removed from the terminal input buffer to the locations

pointed to by Rr until one of the following occurs:

+ the input buffer is emptied

+ the end of the frame that Rr points to is reached

+ the number of characters specified by the count in H2 have been
moved

« if virtual B24 (the low bit of H3) is set, a control character is moved

(control characters have an ASCII value less than X'20")

Assembly Language
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( PERIPH.RD.ONE - MCAL 35

Description

6973-1

The PERIPH.RD.ON monitor call reads data byte from another line's port.

Input:

T0 PIB number

Rr address to copy byte to
Output:

byte at Rr  copied from designated input buffer
Data Structure (the following are modified):
terminal input buffer

clock request block and links

This removes one byte from the designated PIB's terminal input buffer
and copies it to virtual space. If TO refers to a PIB other than the one
making the monitor call, the TRAP roadblock is set.

If the PIB's terminal input buffer is not empty, the first byte in it is
removed and copied to where Rr points.

If the input buffer is empty, the program counter is set back to the MCAL
instruction and an RQM is done; this causes the process to wait for about
100 ms. before re-executing the MCAL.

Assembly Language 9-35
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PERIPH.WRT - MCAL 41

Description

9-36

The PERIPH.WRT monitor call performs a multi-byte peripheral write.

Input:
T0 PIB number
Tl input flags
Rr address of string to write
Output:
Tl number of characters actually written

Data Structure:

modifies the terminal output buffer

If TO refers to a PIB other than the one making the monitor call, T1 is
checked. If bit X'0100' is not set, the TRAP roadblock is set; it the bit is
set, the process is not trapped.

The string of bytes pointed to by Rr is output (or buffered for output) on
the port specified by TO, as if the WRITE instruction had been executed
for each byte. The end of the string is marked by the first of the
following conditions that is encountered:

+ no more characters can be buffered by the terminal 1/O intertace;
typically, this occurs because the output buffer is full

+ asegment mark is found (the segment mark is not transmitted)

+ the string reaches the end of its frame

The number of characters sent is stored in T1. If this is not the entire
string, it is the responsibility of the virtual code to send more later.

Execution resumes with the next instruction.

Assembly Language 6973-1
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PERIPH.WRT.ONE - MCAL 34

Description

6973-1

The PERIPH.WRT.ONE monitor call writes data byte to another line's
port.

Input:

T0 PIB number

Tl input flags

Rr address of byte to write
Output:

none

Data Structure (the following are modified):
terminal output buffer

clock request block and links

If TO refers to a PIB other than the one making the monitor call, T1 is
checked. If bit X'0100Q' is not set, the TRAP roadblock is set; it the bit is
set, the process is not trapped.

The specified byte is output as if the specified process had executed a
WRITE instruction. Control returns immediately (that is, there is no wait
for the output to complete). If the byte could not be written, the
program counter is backed up to the MCAL instruction and an RQM is
done; this causes the process to wait about 100 ms. before re-executing
the MCAL.

Assembly Language 9-37
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PIB.AND - MCAL 12

Description

9-38

The PIB.AND monitor call is used to AND bits in PIB word zero.

Input:
TO tally with mask containing bits to be ANDed with word
zero of the PIB
Tl PIB line number; if negative, specifies caller's own PIB
Output:
T0 contains resulting PIB word zero

Data Structure:

no data structures are modified

This is typically used to clear roadblocks.

Assembly Language 6973-1
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PIB.ATL - MCAL 2B

Description

6973-1

The PIB.ATL monitor call activates a process by adding it to the top of
PIB links.

Input:
T0 PIB number to be activated
Output:
none
Data Structure (the following are modified):
clock request block and links

SNU links.

The SLEEP roadblock is cleared. If the CRB was in the links (meaning
an alarm clock or sleep or RQM had not yet expired), the CRB is
removed from the links and the semaphore flag is set (this causes a -3 to
be returned by WAIT or QUERY). The PIB is moved to the top of the SNU
links. The current process is detached and the target PIB is activated is
there are no roadblocks.

The R0,00,15 form is an obsolete synonym. Support for it will be
withdrawn in the future. (Has it??)

Assembly Language 9-39
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PIB.OR - MCAL 13

The PIB.OR monitor call is used to OR bits in the PIB word zero.

Input:
TO tally with mask containing bits to be ORed with word
zero of the PIB
Tl PIB line number; if negative, specifies caller's own PIB
Output:
T0 Contains resulting PIB word zero

Data Structure:

no data structures are modified

Description The PIB.OR monitor call is typically used to set roadblocks.

9-40 Assembly Language 6973-1
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PIB.PEEK - MCAL 18

Description

6973-1

The PIB.PEEK monitor call returns the value of a specified word in a PIB.

Input:
Tl PIB line number; if negative, specifies caller's own PIB
H4 PIB word number

Output:
TO value of the specified word

Data Structure:

no data structures are modified

Note: Be aware that the kernel or firmware may change the values of
certain PIB words at any time.

Assembly Language 9-41
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PIB.POKE - MCAL 19

Description

9-42

The PIB.POKE monitor call replaces a specified word in a PIB.

Input:
Tl PIB line number; if negative, specifies caller's own PIB
H4 PIB word number
T0 value to poke into the PIB
Output:
none

Data Structure:

depends on which word is modified

Note: Be aware that the kernel or firmware may change the values of
certain PIB words at any time. Care must be taken to not
damage the state of the operating system by inappropriate use
of PIB.POKE.

Assembly Language 6973-1
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PIB.XPCB - MCAL 37

Description

6973-1

The PIB.XPCB monitor call changes the PCB FID in PIB.

Input:
H2:H1:HO the new PCB FID

H3 flags

Rr some address in the new PCB
Output:

none

Data Structure:

no data structures are modified

The PIB.XPCB monitor call does the following:

* sets bit in position X'20' of ACF of current PCB

+ moves B30 of old PCB (bit position X'40' of H3) to PIB debug bit
* moves new PCB FID from the accumulator to the PIB

* zeros bit in position X'20' of ACF of new PCB (for warmstart)

+ deacuavates the process

The next time the process is activated, the new PCB is used.

Assembly Language
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QUERY - MCAL 17

Description

9-44

The QUERY monitor call processes a Query or Query virtual interrupt.

Input:
none
Output:
T0 O or greater  device number
-1 no entry for this device
-2 clock timeout)
-3 semaphore timeout
-4 no clock timeout and outstanding /O
Tl if a virtual device interrupted, this is the number of

interrupts received; otherwise, zero (0).
Data Structure (the following are modified):
SNU links
virtual device table

clock request block and links

The QUERY monitor call is the same as WAIT (MCAL 16) except that
QUERY never suspends the process.

If any interrupts have been received from any device that had an /O
operation started by this process, the following occurs:

» the virtual device number of the interrupting device is placed in TO
+ the number of interrupts received in placed in T1

+ if the device has any I/Os still outstanding, the count of outstanding
1/0s is reduced by the number received; otherwise, the device is
marked inactive.

+ the virtual process is resumed.
Note: Ifthe process has interrupts outstanding for multiple devices,

only the interrupts for one device will be returned and there is
no priority ordering of devices.
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If no device interrupts have been received, the following occurs:

+ if an alarm clock that the process had armed has expired,
-2 is returned in TO
the clock request block is marked inactive
the process is resumed

+ if an alarm clock that the process had armed was cancelled because
another process attempted to activate this process
-3 is returned in TO
the clock request block is marked inactive
the process is resumed

+ if no alarm clock has expired or was cancelled and there was at least
one outstanding I/O operation
-4 is returned in TO
the process is detached

+ if no alarm clock had expired or was cancelled, and there were no
outstanding /O operations
-1 is returned in TO
the process is detached

Assembly Language 9-45
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QUEUE.READ - MCAL 2D

The QUEUE.READ monitor call queues a read (frame fault).

Input:

DO frame to read
Output:

none
Data Structure:

modifies disk queues.

Description If the frame is in memory, this is a NOP; otherwise, a disk read is
started, but the PIB is not marked disk roadblocked.

™
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RCV.LEN - MCAL 3A

The RCV.LEN monitor call gets residual UltiNet range.

Input:
none

Output:
IO.BIT set to indicate success; zero to indicate failure
T0 if successful, contains length

if unsuccessful, specifies which I/O code to the
controller (1-6) failed

Data Structure:

no data structures are modified

Description This is used on Ultimate 6000/7000 systems to get the residual range
from the UltiNet controller. It is equivalent to a series of six VIO
instructions, but faster.
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RFLAGS.CLR - MCAL 4A

Description

9-48

The RFLAGS.CLR monitor call clears bits in RFLAGS.

Input:

TO mask containing bits to clear

Tl PIB line number; if negative, specifies caller's own PIB
Output:

T0 new value of RFLAGS

Data Structure:

no data structures are modified

This is the method of enabling and disabling XON/XOFF, typeahead, etc.
Each bit that is set in the mask is cleared in RFLAGS.

If the PIB number is negative, the currently executing PIB is used.

(where are the RFLAGS bits documented??)
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RFLAGS.SET - MCAL 4B

Description

6973-1

The RFLAGS.SET monitor call sets bits in RFLAGS.

Input:

TO mask containing bits to set

Tl PIB line number; if negative, specifies caller's own PIB
Output:

T0 new value of RFLAGS

Data Structure:

no data structures are modified

This is the method of enabling and disabling XON/XOFF, typeahead, etc.
Each bit that is set in the mask is set in RFLAGS.

If the PIB number is negative, the currently executing PIB is used.

Assembly Language 949
Confidential and Proprietary to The Ultimate Corp.



MCALs

FI

RQM - MCAL 28

Description

9-50

The RQM monitor call releases time quantum.

Input:

none

Output:
none
Data Structure:

modifies clock request block and links.

This deactivates a process for approximately 100 milliseconds. Any
alarm clock that was set 1s not disturbed.

770pcode 4000A9 is an obsolete synonym. Support for this opcode
will be withdrawn in the future.
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RTC.CALIB - MCAL 2F

Description

6973-1

The RTC.CALIB monitor call changes the RTC (real-time clock) tick count
from 6 to 5 to accommodate systems that operate on 50 hertz power.
Input:

none

Output:
none
Data Structure:

no data structures are modified

The RTC.CALIB monitor call is used only on LSI-based systems. It

changes the RTC refresh value in the kemnel to 5. (Five ticks equal 100
ms.)
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SET.BATCH.TM - MCAL 3F s

Description

9-52

The SET.BATCH.TM monitor call sets the batch time limit.

Input:
T0 if non-zero, new time limit
if zero, current value is not changed
Output:
T0 current time limit

Data Structure:

no data structures are modified

This sets or returns the maximum number of seconds that must pass

with no interactive jobs running before batch jobs are allowed to use all
of memory.

[f TO is non-zero, it contains the new value, in seconds. If T0 is zero,

the current value is not changed. In either case, the (new) current value b
is returned in TO.
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SET.FL.DEN - MCAL 3D

Description

6973-1

The SET.FL.DEN monitor call sets the density of floppy disk; this is
available on PC implementations only.
Input:

none

Output:
none
Data Structure:

no data structures are modified

On a PC, the SET.FL.DEN monitor call causes floppy diskette parameters
to be set properly for the type of diskette inserted into the drive.

The SET.FL.DEN monitor call is a NOP on any system other than a PC.
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SET.TIME - MCAL 26

The SET.TIME monitor call sets the system time and date.

Input:
DO new system time, in milliseconds since midnight
T2 new system date

Output:
none

Data Structure:

no data structures are modified

Description

Note: This is a NOP on the VAX because the timekeeping is done by
VMS.

770pcode 40FFAA is an obsolete synonym. Support for this opcode
will be withdrawn in the future.
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( SLEEP - MCAL 22

Description

6973-1

The SLEEP monitor call puts process to sleep for specified time.

Input:
DO time to wake up (in milliseconds after midnight)
Rr address of byte to clear

Output:
Rr tally pointed to by the register is zeroed

Data Structure:

modifies the clock request block and links

The tally pointed to by Rr is zeroed. This is in case the spooler, which
must clear a lock in synchronization with being deactivated, is executing
the sleep. Ordinarily, the register is set to a scratch tally.

If the SLEEP opcode is used, the register defaults to RO (the first tally of

the PCB is scratch). To specify another register, use the SLEEP: opcode.
ln

The process is deactivated until one of these occurs:
+ the wakeup time is reached.
+ the break key is pressed.

+ another process wakes it up, either by the PIB.ATL or PIB.AND (not

recommended) MCAL, or by trying to set a lock that the process has
set.
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START.IO.PIB - MCAL E

The START.IO.PIB monitor call starts MLCP I/O on the line (PIB port).

Input:

T0 line number of PIB port to start I/O on.
Output:

none

Data Structure:

terminal input buffer initialized
Description This initializes and starts input on the terminal attached to the specified
PIB.
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TEST.INP - MCAL 30

|

The TEST.INP monitor call tests for characters in terminal input buffer.

Input:
Tl PIB number
Output:
T0 number of characters in input buffer

Data Structure:

no data structures are modified

Description This may send an XON if the buffer is empty and typeahead is enabled.
(when and why would it??)
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TIME - MCAL 27

The TIME monitor call gets the system time and date.

Input:
none
Output:
T2 system date
DO system time in milliseconds since midnight

Data Structure:

no data structures are modified

Description
?70pcode 4000AA is an obsolete synonym. Support for this opcode
will be withdrawn in the future.
o«
R
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Description

6973-1

The TL.READ monitor call is used by the transaction logger for special
READ:s.

Input:

Rr specifies the address of the byte (tally) to clear.
Output:

Rr byte pointed to by the register is zeroed

Data Structure:
PIB may be removed from SNU links

BT entry for frame pointed to by RA is marked write-required

The Transaction logger uses this. If there are any characters in the
termunal input buffer (typeahead buffer), the virtual process is allowed

toresume. Otherwise, the process is detached and removed from the
SNU links.

does the register point to a byte or a tally?? does it matter??
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VMCAL - MCAL 1F -

The VMCAL monitor call executes kernel code.

Input:

Rr address of kemnel code
Output:

none
Data Structure:

modification depends on the kernel code.

Description This is used to execute kernel code (native CPU instructions) that resides
in a virtual frame. This is presently only supported on Ultimate

600077000 systems and is intended to be used for special purpose
patches.
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VMS.MSG - MCAL 47

Description

6973-1

The VMS.MSG monitor call performs a file transfer.

Input:

Rr address of byte zero of the frame to be copied
Output:

TO zero (0) to indicate success

Data Structure:

no data structures are modified

On a VAX, this copies data between Ultimate memory and VAX memory.
On all systems other than a VAX, this is an illegal opcode.

To use this MCAL, the virtual process fills a frame with the following
information:

Bytes Use
0-1 number of bytes of meaningful data in frame
2 function code
3 zero (0); this is a first-time flag that is altered by the
monitor
4-511 data to transfer

If byte 3 of the frame contains a zero (0), the following occurs:

+ as many words as indicated by bytes 0-1 are copied from the frame to
a corresponding I/O buffer in VMS memory

+ the SLEEP roadbloack for the Ultimate process is set
+ the program counter is backed up to the MCAL instruction
+ the process is detached

+ event flag 2 (file transfer attention) is set for the corresponding VMS
process

* if byte 2 contains a 4 or 5, the VMS process is awakened
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9-62

» aone (1) is written into byte 3 of the frame and the frame's write-
required flag is set

If byte 3 of the frame does not contain a zero and the function code is
negative, the VMS process has finished and the following occurs:

» As many words as indicated by the byte count in bytes 0-1 of the
corresponding VMS I/O buffer are copied into the frame.

» The frame's write-required flag is set.
¢ TO in the accumulator is zeroed to indicate success.

» The Ulamate process is resumned.

If byte 3 of the frame does not contain a zero and the function code is
not negative, this means the operator pressed the BREAK key, etc., and
the following occurs: (what else besides break key??)

» The PC is backed up and the process is put to sleep again
(what is the PC?? what does backed up mean??)
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VMS.OFF - MCAL 46

|
T
1

The VMS.OFF monitor call is a VMS Logoff.

Input:
none
Output:
none
Data Structure (the following are modified):
terminal I/O table
SNU links

clock request block and links

Description On a VAX, this returns to VMS the control of the terminal attached to the
PIB making the MCAL. On all systems other than VAX, this is a NOP.
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VMS.SPOOL - MCAL 44

The VMS.SPOOL monitor call passes a spool file to VMS for printing.

Input:

Rr first FID of spool file
Output:

none
Data Structure:

no data structures are modified

Description On a VAX, the VMS.SPOOL monitor call does the following:
« causes the VMS detached process to create a VMS file
+ moves Ultimate spool file data into the VMS file

+ then sends it to the VMS job controller for printing

This call is a NOP on all systems other than VAX.
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VMS.TAPE - MCAL 45

Description

6973-1

The VMS.TAPE monitor call issues tape commands to various tape
drivers in the VAX.

Input:
For label 1/O:

Rr points to label buffer in tape control block
For non-label 1/0:

Rr RO
Output:

none
Data Structure:

no data structures are modified

On a VAX, the VMS.TAPE monitor call gives information on the type of
1/0, size of the transfer, which device to use, etc. This information is
used to build /O packets to issue to VMS tape drivers.

This call is a NOP on all systems other than VAX.
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VOPT.AND - MCAL 32

Description

9-66

The VOPT.AND monitor call is used to AND the virtual option flag.

Input:
T0 mask containing bits to be ANDed with virtual option
flag
Output:
TO new options value

Data Structure:

no data structures are modified

This 1s used to change certain global system parameters.

what are the virtual option flags?? where are they documented??
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VOPT.OR - MCAL 31

Description

6973-1

The VOPT.OR monitor call is used to OR the virtual option flag.

Input:
TO mask containing bits to be ORed with virtual option
flag
Output:
T0 new options value

Data Structure:

no data structures are modified

This is used to change certain global system parameters.

Assembly Language 9-67
Confidential and Proprietary to The Ultimate Corp.



MCALs

—

—

WAIT - MCAL 16

Description

9-68

The WAIT monitor call suspends the process until a virtual interrupt
occurs.

Input:
none
Output:
T0 O or greater  device number
-1 no entry for this device
-2 clock timeout)
-3 semaphore timeout
Tl if a virtual device interrupted, this is the number of

_ interrupts received; otherwise, zero (0).
Data Structure (the following are modified):
SNU links
virtual device table

clock request block and links

If any interrupts have been received from any device that had an /O
operation started by this process, the following occurs:

+ the virtual device number of the interrupting device is placed in TO
+ the number of interrupts received in placed in T1

+ if the device has any I/Os still outstanding, the count of outstanding
I/Os 1s reduced by the number received; otherwise, the device is
marked inactive

+ the virtual process is resumed

Note: Ifthe process has interrupts outstanding for multiple devices,
only the interrupts for one device will be returned and there is
no priority ordering of devices.

Assembly Language 6973-1
Confidential and Proprietary to The Ultimate Corp.




MCALs

If no device interrupts have been received, the following occurs:

+ if an alarm clock that the process had armed has expired,
-2 isreturned in TO
the clock request block is marked inactive
the process is resumed

+ if an alarm clock that the process had armed was cancelled because
another process attempted to activate this process,
-3 is returned in TO
the clock request block is marked inactive
the process is resumed

+ if no alarm clock had expired or was cancelled, and there were no
outstanding I/O operations,
-1 is returned in TO
the process is detached

+ if no alarm clock had expired or was cancelled and there is at least
one outstanding /O operation, and no interrupts have been received (a
-4 condition in MCAL QUERY),

the process is removed from the SNU links.
the program counter is backed up to the WAIT MCAL
the process is detached

This prevents activation of the process until an interrupt occurs.
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WARM.DUMP - MCAL F

Description

9-70

The WARM.DUMP monitor call can both warmstart the system and dump
memory 1o tape..

Input:
TO code for desired action; valid codes are:
X'FS11' flush memory to tape and warmstart system
X'DEAD' flush memory to disk and halt system
X'DC10" flush memory to disk and halt system
Output:
none

Data Structure:
As part of flushing memory to disk, the following occurs:

buffer table is rebuilt
age links are initalized and rebuilt

all disk /O data structures ??

X'F511" is used by the system command :WARMSTART.
X'DEAD' is used by the system command :MDUMP.
X'DC10', is used by the system command :WARMSTOP.

If the system is restarted, all data structures are reinitialized, including
those mentioned above.
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( WRITE.WAIT - MCAL 39

The WRITE.WAIT monitor call waits for a frame to be written to disk.

Input:

R15FID frame being written
Output:

none
Data Structure:

modifies clock request block and links

Description This is used to synchronize writes to disk.

If the frame has been written to disk since the last FORCE.WRITE MCAL
for the frame, this is a NOP. (The frame not being in memory or not
being write-required satisfies this condition.) Otherwise, the program

— | counter is backed up to the beginning of the MCAL and an RQM is
( performed.
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XFER.CLOCK - MCAL 3E

Description

9-72

m— — — —

On PC implementations, the XFER.CLOCK monitor call sets time and date
from the internal clock.

Input:

none
Output:

none
Data Structure:

no data structures are modified

On a PC, this is called at system initialization time on processors having
a hardware time of day clock.

The XFER.CLOCK monitor call is a NOP on all systems other than a PC.
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10 Instruction Set for Internal Use

6973-1

This chapter is intended as a reference for Ultimate system
programmers, for internal use only. It details each instruction in
alphabetical order.

The internal instruction set contains descriptions of OSYM entries not
documented in Chapter 4.
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Summary of the Instructions and Directives

10-2

:D, :F, :Q, :T generates literal values

:INIT enforces standard TSYM modulo

BISYNC.IO handles bisynchronous data communications
BNREADN branches around READN code if necessary
CRC computes the crc for data integrity checks

DCD interprets BASIC object code

FRM: determines the assembled item's frame number
HLT DELETE?

IBM.DB.TRAP enters the debugger and passes error info.

LOCK performs a lock at the virtual level

MCAL calls an MCAL in the kernel as a subroutine
MCODE DELETE?

MODEM defines a mode-id for BASIC opcode table

MP moves a string which may be write-protected
MSG references a system message in another frame
MTEXT inserts the text of a system message

MV moves data referenced at a memory address
MVER.OFF turns verifying off

MVER.ON turns verifying on

POPN pops an integer from the BASIC stack

POPS pops a string from the BASIC stack

PUSHD pushes a descriptor onto the BASIC stack
PUSHN pushes an integer onto the BASIC stack
PUSHS pushes a string onto the BASIC stack
Assembly Manual 6973-1
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6973-1

PUSHO pushes a zero (0) onto the BASIC stack

PUSH1 pushes a scaled one (1) onto the BASIC stack
RIEQU equates a symbol

REV returns the current firmware revision level
READN/READT reads multiple-character input from terminal
RPLDCD same as DCD, but RPL source code used
RTNX returns from a subroutine (in Debugger code)
SCHR defines a character symbol

SETAR DELETE?

SETDO sets register to address BASIC descriptor via R6
SETDD sets register to address BASIC descriptor via R3
SHTLY defines a half tally symbol

SLEEPX puts a process to sleep and unlocks a tally
SMOD identifies system module items

TIIDC moves a string with incrementing and count
VIO transfers word from external device to CPU
VIO* transfers word as VIO and sets interrupt

VIOLD transfers data from external device to CPU
VIOLD* transfers data as VIOLD and sets interrupt

VM moves data to a specified memory address
XBCA translates and tests for alpha character

XBCNA translates and tests for non-alpha character
Assembly Manual 10-3
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Description

10-4

The :D, ‘F, :Q, and :T instructions are used by the assembler for
generating literals.

e

:Dn . Fn :Qm :Tn
m mode-id

n constant or literal values

The :D. :F, :Q, and :T instructions should not be used by programmers.
[nstead, use DTLY, FTLY, MTLY, and TLY if constants must be explicitly
defined (such as in a table).

The assembler generates these instructions in statements at the end of

Pass 1 to put literals at the end of object code. The correspondence is as
follows:

:D  generates double tally, symbol type D

F  generates triple tally, symbol type triple tally F
:Q generates mode-id, symbol type M

T generates tally, symbol type T

Each reference to a new literal value (n) causes one of these statements
to be generated at the end of the program.
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:INIT

Syntax

Description

6973-1

The :INIT instruction is used by the internal firmware assembler OSYM to
enforce a standard TSYM modulo so that literals always appear in the
same order at the end of the object code. :INIT applies only to
implementations that generate literals, such as firmware machines.

The :INIT instruction should not be used by programmers.

When the AS command is executed, the first thing the assembler
attempts to do, prior to assembling any statements in the user's
programs, 1s to assemble a statement of the form:

cINIT

If there is no :INIT opcode defined in the OSYM file (normally the case),
this 1s not considered an error, and assembly proceeds with the first line
of user code.

If :INIT exists, however, the :INIT instruction is assembled. The
standard internal firmware OSYM contains an :INIT item which is a
primitive (that is, it has a "P" on line 1). This primitive specifies (via an
E line) a subroutine and a decimal parameter. When the subroutine is
called, it ensures that the modulo of the TSYM file has the value of the
decimal parameter; otherwise, it aborts the assembly with an error
message [225], indicating that the TSYM modulo must be changed.
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BISYNC.IO

Syntax

Description

10-6

The BISYNC.IO instruction is a monitor call that performs bisync-related
tasks on LSI-based systems with DPV11 bisync boards or Ultimate 1400
systems with LPQ controllers.

BISYNC.IO r

r address register; points to the transmit or receive data buffer address
for codes 3 and 7, respectively. The data buffer address must be
word-aligned and must point to the location of the first byte to be
sent or stored. For the other codes, RO should be specified.

The BISYNC.IO monitor call is used in data communications and is
applicable only to LSI-based systems with DPV11 bisync boards or
Uldmate 1400 systems with LPO controllers.

The LSI and 1400 kernels contain special monitor call codes to handle
driving these boards. The call codes were initially designed to support
the bisync 2780 and 3780 data communications protocols. However,
since the actual protocol handling is done in virtual programs, these /O
commands have been generalized so that a number of functions are
available, which can be used with various protocols (see codes below).

Bisync, which is a half-duplex protocol, requires an interrupt from the
kernel indicating that the function has been completed before the virtual
program can proceed. To accomplish this, when using codes 1-4, the

program must execute a WAIT instruction until the interrupt occurs.

BISYNC.IO expects that the low-order byte of the accumulator, HO, has
been set up to contain a command code number which indicates which
funcdon is to be performed. Depending on the function, other
parameters may be passed from other parts of the accumulator.

BISYNCL.IO calls the kernel to process the function identified by the
command code in HO. The valid codes are as follows:
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Code

Requested Action

SET DTR,; initializes the controller and brings up DSR. The
kernel interrupts when ready (WAIT instruction required).

T1 must contain the virtual device number of the bisync
controller.

SEND CONTROL CHARACTERS; sends one or two control
characters (depending on the control word) and brings up CTS.
The kemel interrupts when ready (WAIT instruction required).

T1 may contain one of the following control words when using
the standard 2780/3780 protocol. Note that 'FF is used as a pad
character. The two bytes are reversed because LSI machines
process the low-order byte of a word before the high-order.
When using other protocols, T1 may contain any valid control
word for that protocol.

2780-3780 protocol control characters

X'FF2D' ENQ X'3710' EOT-DLE
X'FF37' EOT X'FF3D' NAK
X'7010' ACKO X'6110' ACK1l

TRANSMIT BUFFER; transmits a buffer of data. The kernel
interrupts when transmission is completed (WAIT instruction
required).

T1 must contain the number of bytes to transmit, and the register
operand points to the first byte of data.

ENABLE RECEIVER; initializes the internal receive buffer and
enables the DPV11 or LPQ receiver. The kernel interrupts when
something is received (WAIT instruction required).

DISCONNECT; disconnects and resets the DPV11 or 1400 board.

READ STATUS WORD; returns into TO the current status word
indicated by the value in H1. HI must contain one of the
following subcodes (the applicable status bits are shown for
each type):
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Sub Request Type
Code

1 requests transmit status word:

applicable status word bit:

X'8000" illegal character in xmit buffer

2 requests receive status word:

applicable status word bits:
X'8000' ACKO bit set
X'4000' ACK] bit set
X'2000" NAK (no acknowledge)
X'1000" WACK
X'0800" reverse interrupt
X'0400" end of transmission
X'0200"  xmit abort condition
X'0100" ENQ
X'0080" good data
X'0040" bad data
X'0020" buffer overflow
X'0010" transmit aborted
X'0008' emporary text delay
X'0004" end of text
X'0002" bad buffer
X'0001" badcrc

3 requests DSR status word:

applicable status word bits:

X'8000' data set change bit

4  requests bisync revision level
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Instruction Set for Internal Use

Code

Requested Action

ACK & SET UP RECEIVE BUFFER; sets up the next receive buffer
and acknowledges receipt of the previously sent data block. The
kernel interrupts when the operation is completed (WAIT
instruction required).

T1 must contain the value of ACKO or ACK1 (see code 2, above).
The register operand points to the first byte of the buffer storage
area.

A complete I/O data transmission normally involves a sequence of
operation similar to the following:

L.

Before any bisync I/O can take place, the program must execute
BISYNC.IO instructions with the following instructions:

« code 1 (initalizes controller)

+ code 4 (enables receiver).

To send data, the program uses instructions with:

+ code 2 (to send a protocol-dependent control character
sequence)

» code 3 (to send a block of data).

To receive data, the program uses instructions with:

+ code 7 (to acknowledge and set up for the next)

At any time, transmission problems may be detected and dealt with
in the program via instructions with:

+ code 6 (and the subcode for the status request)

» code 2 (if NACK or another character should be sent)
When all data communication is finished, the program uses
instructions with:

* code 2 (if the protocol requires an EOT character)

+ code S (to disconnect from the controller)

Assembly Manual 10-9
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Interrupts

10-10

When the kernel processes a BISYNC.IO instruction with a code that
requires an interrupt, the kernel puts an entry in the Virtual Devices table
for that process. Then the kernel performs the specified function,
returning to the program.

Meanwhile, the program must execute a WAIT instruction (subsequent to
the BISYNC.IO). WAIT is a monitor call (MCAL 16) that causes the kernel
to scan the Virtual Devices table for that process. If there is an
outstanding interrupt, the kernel deactivates the process and sets the
program counter back to the WAIT instruction.

The process remains deactivated until the operation is completed. Then,
the interrupt handler sets the interrupt flag in the Virtual Devices table
and reactvates the process. The program re-executes the WAIT; the
kernel checks for the interrupt flag and exits back to the program, which
can then proceed in sequence. When the process is interrupted from a
WAIT, the device (a positive number) or status of the interrupt (a
negative number) is returned in TO:

-1 indicates that no interrupts are queued for this port

-2 indicates that the imer (ALARM.CLOCK) has expired.
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BNREADN
READN
READT

Syntax

Description

6973-1

The BNREADN instruction executes a branch if the READN instruction is
not supported on the system for which the code is being assembled.

The READN and READT instructions read several characters of input
from the terminal.

BNREADN 1| READNT READTT
| label to branch to

r address register which points to the area where the input characters
are to be placed; RO may not be used for READN

BNREADN 1s typically used to branch conditionally around code
containing a READN instruction.

READN is used to read multiple-character groups of input from the
asynchronous channel input buffer (terminal) into virtual memory, using
a control character or count runout as the terminator of the read

operation. READT is identical to READN except that READT terminates
only on count runout.

The READN instruction expects that TO has been initially set to zero and
that T1 has been set to the size of the virtual memory buffer (for
example, IBSIZE) where the input will be stored.

The READT instruction expects that TO has been initally set to zero and
that T1 has been set to the desired input size.

BNREADN is used to detect whether the READN instruction is supported
on the current system. It assembles as a macro composed of a special
FAR instruction and a B (branch) instruction.

FAR RO,x"13"
B label
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If the special form of the FAR instruction is executed on a system that
supports READN, the branch instruction is skipped and execution
continues with the instruction after the branch instruction. However, if
the special FAR instruction is executed on a system that does not support
READN, that special form of FAR is essentially a NOP. Therefore, the
branch is executed, allowing the program to branch around a subsequent
READN (which would cause an Illegal Opcode abort).

The READN instruction inputs data from an asynchronous channel in
multiple-character groups and stores the characters in a virtual memory
buffer, starting at the byte address of the register.

If no characters are waiting to be input, the process is suspended until a
group of characters is received from the asynchronous channel.

The READN terminates input when a control character is encountered
(X'00'-X"'1F', X'7F', X'80'-X'9F', and X'FF') or count runout. READT

terminates input only on count runout.

The control characters typically input from a terminal are:

Hex Character Terminal Keys
08 BS BACKSPACE or <CTRL-H>
09 HT TAB or <CTRL-I>
0A LF LINEFEED or <CTRL-J>
0D CR RETURN
12 DC2 <CTRL-R> (to retype entire line)
17 ETB <CTRL-W> (to delete a word)
18 CAN <CTRL-X> (to cancel line on terminal)
1B ESC ESCAPE
7F DEL DEL

If a control character terminates input, the multi-character group includes
the control character; if a count runout occurs, the group contains only
the non-control input characters. (even on READT??)

A count runout occurs when the virtual memory buffer does not have
enough storage available to handle any more input characters in the
group. (even on READT??)

Assembly Manual 6973-1
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Before starting to read in the character group, the READN or READT
instruction determines the maximum number of remaining characters to
input by subtracting the value in TO from the value in T1. The T1 field
contains the maximum size of the virtual memory buffer and the TO field
contains the number of characters already read in. If the result of the
subtraction is O (no remaining characters), the instruction terminates,
and execution continues at the next instruction. If the result of the
subtraction is negative, an Illegal Opcode abort occurs.

If there are characters remaining, the READN or READT instruction then
begins to read in characters, and increments TO for each non-control
character (READN) or each character (READT) that it processes (inputs).
READN handles all echoing of non-control characters, READT of all
characters. At termination, the READN/READT instruction stops with the
register pointing to the last character processed and TO contains the
number of characters read in.

The program using the READN is responsible for handling the control
characters themselves. If the current control character is a valid signal
of the end of input (for example, RETURN), the program would not need
to loop back to the READN. But if the control character is, for example,
BACKSPACE, the program could continue the READN. If the program
adjusts the TO field in its control character handling (for example,
BACKSPACE would subtract 1 from T0), the TO field can be used to
determine the current position in the virtual memory buffer (for
example, the point in the buffer when the BACKSPACE occurred). The
program can also test whether the value in TO is currently O (for
example, the user has backspaced to the start-of-buffer), which would
indicate that any more control characters (such as BACKSPACE) should
be ignored.

If count runout has occurred (TO =TI, and for READN, the last character
is a non-control character), the program can either accept it as a

completed input group or take corrective action, such as increasing the
buffer size.

Note: If the virtual memory buffer is a linked set of frames, the
READN and READT instructions handles the crossing of frame
boundaries without error or loss of data.
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CRC

Syntax

Description
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The CRC (cyclic redundancy check) instruction is used to check the
integrity of data by scanning a string and performing a checksum
calculation on it. The check is terminated after a specified delimiter has
been reached.

CRCr,n
r address register that points one byte before the string to be checked

n constant or literal that specifies the mask of delimiter criteria to use
for the string being scanned.

CRC is not available in firmware on all machines (that is, some systems
must compute a CRC via software).

The CRC instruction can be used to provide a more reliable data check
than a panty bit or LRC. For example, the CRC could be used in data

transmission or validation, or other operations where data integrity must
be maintained. :

The instruction scans the string, building a CRC value in DO, based on
the ASCII value of each character encountered. The instruction stops
with the register pointing to the delimiter, and the CRC in DO. The CRC
instruction expects that DO, the low-order double tally of the
accumulator, has been set to zero; then, on terminadon, DO will contain
the CRC value for the string.

The CRC calculation is a binary division operation, using the following
polynomial as the divisor and the string as the dividend:

X**32 + X*X*26 + X*X*23 4 x*x*x22 + X**x16 + x*x*x]12 + x*x*x11]1
+ x**10 + X**8 + X**7 + x**5 4 x**4 + x**2 + x + 1

This polynomial is used to build an XOR mask (the divisor). The 1
value is assigned to bit O (high order), causing the x**32 bit (bit 33) to

be dropped at the low order end. The resulting 32-bit XOR mask has the
following hex value:

X'ED888320" %
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Mask Byte

6973-1

After the binary division, the remainder is the CRC value in DO. The
CRC can then be stored in a checksum or history file or used in data
transmission, as needed.

Multiple strings can be used to build one combined CRC until DO is
cleared. Several strings can be checked by using a coding sequence
such as the following:

ZERO DO

SRA R15,STRING1
CRC R15,x'CO'
SRA R15, STRING2
CRC R15,x'CO"

In this example, R15 is inigally set to point to STRING1, which is the
byte before the first string. It is then set to point to STRING2, which is
the byte before the second string. At the end of the routine, DO will
contain the combined CRC for both strings.

For the register operand, the incrementing process could generate an
address that crosses a frame boundary. If the register is in the linked
mode, it is normalized and attached to the next frame in the linked chain.
If the end of the linked set is reached during the normalization process,
the following action is taken:

+ if the exception mode identifier XMODE is non-zero, a subroutine call
1s executed to that address, to allow special handling of this condition

+ if XMODE is zero, the assembly debugger is entered with a trap
condition indicating Forward Link Zero.

If the register is in the unlinked mode, and the frame boundary is
reached, the debugger is entered with a trap condition indicating
Crossing Frame Limit.

The mask byte indicates the terminating condition for the string scan.
Each byte is tested after it has been scanned to see if it satisfies the
terminating condition. The delimiter itself is not used in the CRC
calculation.

Note: Because the delimiter test is done after the byte scan, the byte
address of the register is always incremented by at least one.
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The mask byte can specify up to seven different characters to be tested;
four of them are the standard system delimiters:

segment mark SM X'FF'
attribute mark AM X'FE'
value mark VM  X'FD'
sub-value mark SVM  X'FC'

The other three characters are taken from the scan character symbols

SCO, SC1, and SC2. The contents of these symbols are specified by the
programmer.

The low order seven bits in the mask byte are used to determine which
of the seven characters are to be compared; if any bit is set (1), the
corresponding character is tested; if zero (0), it is ignored.

If the high-order bit (bit 0) of the byte is set (1), it indicates that the
string terminates on the first occurrence of a delimiter as specified by the
setting of bits 1-7. If it is zero (0), it indicates that the string terminates
on the first non-occurrence of a delimiter as specified by the setting of
bits 1-7.

For more information on the use of the mask byte, see the description of
SCO, SC1, and SC2 in Chapter 3.
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Syntax

Description
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The DCD (Decode) instruction is used to interpret BASIC object code, or
to enter an appropriate routine based on the value of an opcode byte.

DCD r,r

r address registers; the first is R6, BASIC instruction register; the
second is R3, the BASIC stack register

DCD uses a table of 256 mode-ids. This table is coded as an assembly
language program which simply consists of 256 MODEM directives.
Depending on the implementation, MODEM may generate something
other than a standard mode-id (a 4-bit entry point and a 12-bit FID).
The value generated, however, will be compatible with the DCD
instrucoon for the particular implementation.

The mode-id table must be locked in main memory before the first DCD
is executed. The following sequence of instructions must be used to
lock in the table (R15 must be pointing to the frame with the table):

FRM.LOCK R15S Lock frame in memory; get
CMNT * encoded memory address in
CMNT * T2 via monitor call

MOV T2,BOPS Store memory address for DCD

This sequence is performed by the BASIC initalization software, as well
as by Ultimate RECALL (the F-correlatives and A-correlatives use some
BASIC instructions).

Each entry in the mode-id table corresponds to a B-primitive:

Entry Byte Location (on firmware machines) and B-primitive
0 bytes 0 and 1; unused
1 bytes 2 and 3; mode-id for B-primitive X'01'
2 bytes 4 and 5; mode-id for B-primitive X'02'

255 bytes X'1FE' & X'1FF'; mode-id for B-primitive X'FF'

(The MODEM opcode may generate more than two bytes when
assembled for a software machine.)
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The BASIC compiler generates a pseudo-object code that contains BASIC
primitive opcodes called B-primitives and references to variables in the
BASIC variable storage area or the BASIC stack. The DCD instruction is
used to execute the B-primitives in BASIC compiled code.

The DCD instruction performs the following functions:
+ increments the instruction register (R6 for BASIC)

« if the byte addressed by the instruction register is within a
configuration-dependent range, usually 0-11 (X'0'-X'B'), the B-
primitive is executed directly by the CPU. If the byte is higher than
11, it is usually used as an index into the mode-id table to determine
the address of the software that is to be entered (not a subroutine
call).

These two steps execute one B-code primitve. If the B-primitive is
executed directly by the CPU, it continues at the next primitive after
completion of processing. If a software routine is entered, then after it
has completed its processing, the routine must terminate with another
DCD instruction to continue to the next B-primitive.
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FRM:

Syntax

Description
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The FRM: instruction is used in the FRAME macro to set the frame
number.

FRM: m
FRM: n

m mode-id

n literal value

The FRM: instruction is used only in the FRAME macro, and should
never appear in a virtual program.

The FRM: instruction generates the object code that MLOAD looks for to
determine where to load the rest of the code for the assembled item.
However, the object code from FRM: is never loaded.
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HLT
One byte HALT on firmware systems. Should probably be deleted to
encourage compatibility (Scott).
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IBM.DB.TRAP

The IBM.DB.TRAP instruction is used on IBM systems to trap to the
debugger and inform the kernel of the error type.

Syntax IBM.DB.TRAP n

n literal value that specifies the error number

Description IBM.DB.TRAP is an IBM-only command. It is currently used when

entering the virtual (system) debugger to pass the error type to the
kernel.

The error information passed to the kernel allows the kernel to store the
informaton and optimally halt the system for debugging purposes.
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Description
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The LOCK instruction may be performed at the virtual code level on
Ultimate 7000 systems, and possibly on other systems as well. In all
cases where the LOCK instruction cannot be performed by firmware, it
automatically invokes the LOCK monitor call.

LOCKTr
LOCK r1,]

r address register that points to a lock tally

1 local label to branch to if the tally is already locked by another
process.

LOCK is used at the beginning of a section of code which inspects or
manipulates data global to the process (such as files, tables, etc.).
Locking the data ensures that other processes do not change the data
while it is being used by the original process.

The LOCK instruction checks the tally pointed to by the register. If the
tally is currently unlocked, it contains a zero (0); if it is currently locked,
it contains a process number (port number + 1). If the tally is unlocked,
the LOCK instruction sets the lock, increments INHIBITH, and continues.
If the lock has already been set by this process, the LOCK instruction
simply increments INHIBITH and continues. If the tally has been locked
by another process, the LOCK instruction waits until the tally is
unlocked. If the tally is currently locked and the label form is used, the
program branches to the specified label instead of waiting.
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MCAL
The MCAL instruction executes a subroutine call to a specified monitor
call routine residing in the kernel.
Probably should be deleted (Scott)

Syntax MCAL r,n,11

r address register; must be specified even if it is not actually used by
the MCAL

n literal value that specifies the sequential number of this MCAL within
its class

11 literal value that specifies the class; this value must be 11 (X'B')

Description

MCODE

Probably should be deleted (Scott)
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MODEM

Syntax

Description
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The MODEM directive defines a mode-id. It is similar to the MTLY

directive, but is used for the BASIC OPCODES frame for the

implementation-dependent format of the object code.

MODEM m

MODEM n,m

MODEM n,n

m mode-id

n constant or literal value; as first operand, n specifies the entry point
number and must be in the range 0-15 (X'0'-'F")

MODEM may be used whenever coding a table of entry points for use

with the DCD instruction.

Each MODEM directve defines a mode-id value in the OPCODES frame.

This frame contains only the mode-id table used by DCD to interpret

BASIC instructions, not executable instructions. Unlike mode-ids

generated by MTLY, these mode-ids are never referenced in an

instruction in a program.
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MP

Syntax

Description

6973-1

The MP instruction is used on IBM systems to move a string into
memory which may be write-protected.

MP r,r

r address register; the first points to the first byte of the source string;
the second points to the first byte of the destination area

The MP instructon expects that TO contains the number of bytes to

move. If TO is zero, no action takes place. If TO is negative, an error
occurs.

The MP instruction uses the SYSTEM MCAL (4E) with a system type of
IBM (0) and subcommand 2.

The instructon can handle cases where the source register points to a

string that crosses a frame boundary, but the destination area referenced
by the second register is assumed to be in one frame.
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MSG
MTEXT

Syntax

Description

10-26
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MSG and MTEXT are used to retrieve system messages. The MSG
directive generates a reference to a system message previously loaded in
another frame. The MTEXT directive generates the object code form of a
system message.

MSG e
MTEXT e

e system message stored in PSYM; by convention, messages are
named MSG.nnnn where 'nnnn' is a decimal number.

Certain virtual processes such as the debugger and file-restore are not
able to retrieve and display messages from the ERRMSG file. These
routines must either have the text of their messages in-line in the ABS
frame, or use the system message (SYSMSG) facilities, which are more
convenient for foreign language translations. The actual message text is
stored in special E-type items in the PSYM file, and is retrieved via MSG
or MTEXT.

Operating system routines that generate messages to the user nearly
always refer to the messages symbolically. By defining messages in the
PSYM file, the assembly code may be changed more easily, such as
when making non-English language versions of the system.

System messages in PSYM have the following format:

MSG.nnnn item-ID
001 E PSYM type-code
002 msg.no within the frame referred to by block.no
003 block.no within the message module
004 text-1 text element 1
nnn text-n text element n

The msg.no and block.no are hexadecimal numbers, starting from 0,
that indicate where the message is located in the SMODULE,; these values
are used to produce object code for the MSG instruction.
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The text element is in the form C'xxxxx' or X'xxxx' as used in the TEXT
directive. Each element must be on a separate line; no commas or
comments are allowed.

The last (text-n) entry for message items that are to referenced by
MTEXT must end with one of the following terminators expected by the
PRINT or CRLFPRINT subroutines:

SM (X'FF') AM (X'FE') SVM (X'EC') SB (X'FB")

However, a message referenced by MSG must end with a segment mark
(X'FF'); that is, the last (text-n) element in the PSYM item must end with
a SM and it must be the only SM in the entire body.

For any symbolic message, then, attribute 3 of the PSYM item should
indicate the SYSMSG item that contains the message; attribute 2 of the
PSYM item should give the relative position of the message within the
item.

The following is sample PSYM system message:

MSG.0109
001 E
002 10
003 3
004 C'Linking workspace--wait'
005 X'FF!

The MSG or MTEXT directive can be used immediately after a call (BSL)
to PRINT, CRLFPRINT, or other routines which expect message text (or
an indirect message from MSG) after the BSL. GET-MSG expects an MSG
instruction to follow the BSL.

Message names can be used with both the MTEXT and the MSG
directive. If a message name is used as the operand of an MTEXT
directive, the assembler copies the text of the message from the PSYM
item into the ABS frame as object code, just as it does for TEXT. If a
message name is used as the operand of an MSG directive, the assembler
generates an indirect reference (message-id) into the assembled object,
using the values from lines 2 and 3 of the PSYM item defining the
message. The message-id has the following format:

Assembly Manual 10-27
Confidential and Proprietary to The Ultimate Corp.



Instruction Set for Internal Use

10-28

oode block.no message.no
11100l |

0 I I I
Bts 0123456789ABCDEF

The message-id code causes the message text to be retrieved from the
SYSMSG facility at run time.

The system message module is SMOD 125, also known as RMOD 125.
This is a block of linked frames pointed to by entry 125 in frame 223
(SYS-TABLES4). The 125th word (bytes 500-503) consists of the frame
count (first half tally) and the FID (second three bytes). These frames
are always copied to tape as part of a SYS-GEN, and are loaded during a
coldstart or a file-restore.

The SYSMSG file on the R10 account contains the source for the system
message module. Each item in the file contains the MTEXT instructions
for one block of messages (the block.no on line 3 of the PSYM item).

The order of the messages within each item is the msg.no on line 2 of
the PSYM item.

[tem-IDs in the SYSMSG have the format MSGnn; nn corresponds to
message blocks. For example, MSGOQ corresponds to block O (zero).

The first line of each of these items contains an SMOD directive instead
of a FRAME directive. The object code for the message is not loaded
into an ABS frame, but into the module specified by the SMOD directive,
using the SLOAD command).

After the SMOD directive on line 1, each SYSMSG item contains an ORG
directive to the first byte of the block that the subsequent messages
belong in. This ensures that the object code for that item will begin at
the proper number of bytes from the beginning of the module. That is,
the item for message block zero contains an ORG 0 directive, the item for
message block 1 contains an ORG 500 directive, and so on.

The remainder of each item consists of MTEXT directives, one for each
message in that block, in the proper order.
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An ORG to the last byte of the block immediately precedes the item's
END instruction.

These items are assembled just like an ordinary assembly language
program. Module 125 consists simply of the object code of all the
assembled items in the SYSMSG file.

If a symbolic message is always used with MTEXT, the values of
attributes 2 and 3 of the PSYM item can be left as zero (0), since they are
not used. But if a message is to be referenced indirectly, it must be
assigned a location in the system message module and loaded (via the
SLOAD command), and the location must be indicated on lines 2 and 3
of the PSYM item.

When changes are necessary, they are made to the appropriate items in

the SYSMSG file, which are then assembled and loaded using the SLOAD
command.

Note: Although each block can contain 500 bytes of message text,
Ultimate recommends leaving space berween messages to as a
pad for translation into non-English language versions.

It is the system programmer's responsibility to see that this is so. Itis
also the system programmer's responsibility to see that the total object

code for any SYSMSG item does not exceed 500 bytes.

The following 1s a sample listing of an item in the SYSMSG file:
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SMOD 125
* SYSTEM *MSGS
* SYSTEM MESSAGE FRAME
*
* SYSTEM MESSAGES IN PSYM HAVE THE FOLLOWING FORMAT:
*
* 001 E
* 002 MSG# WITHIN 500-BYTE BLOCK
* 003 BLOCK# WITHIN MODULE
* 004 TEXT ELEMENT 1
*
* .
* NNN TEXT ELEMENT N
ORG 5000 FRAME X'A'
* WASTE ONE BYTE TC AVOID ATTACHING REGISTERS TO THE LAST
« BYTE CF THE PREVIOUS FRAME BEFORE MII-TYPE INSTRUCTIONS.
ORG 1
X'o" CMNT C°
CMNT X'27°*
CMNT <C's  Mult-'
CMNT X'FD'
CMNT C'Attr# Attr.name Correlative
CMNT X'FD'
CMNT C'=-==== =—=cc-cceca  —ccrccccccccrcee— e
CMNT X'FF'
X'l CMNT C'Attr# Index-L Write Read-ctr.'
CMNT X'FD'
CMNT C'-=---= =-=-=--- ;e cmmmeeeew '
CMNT X'FF'
MTEXT MSG.0014
X'2' CMNT C' This hold file has not been printed. OK
CMNT X'FCFF!
MTEXT MSG.0526
* FOLLOWING IS THE LOCATION OF THE LAST BYTE IN THIS
* FRAME OF THE MESSAGE MODULE; TEXT IN THIS FRAME MUST
* NOT EXCEED THIS LOCATION.
*
ORG 5499
*
END
*
10-30 Assembly Manual 6973-1

Contfidential and Proprietary to The Ultimate Corp.

\ o /

\xﬁ/n



Instruction Set for Internal Use

6973-1

What is significance of the following??

PRINT and CRLFPRINT inspect the first byte of object code after the BSL
instruction. If the two high order bits are on and the next bit is off
(B'110", it is assumed to be the first byte of an indirect reference.
Otherwise, it is treated as the actual first byte of the message.

With the addition of the MTEXT and MSG instructions and the SB (X'FB')
terminator, the PRINT and CRLFPRINT subroutines operate normally (as
documented in the external version of the Assembly Language Manual ).
The SB terminator causes the subroutines to discard the top entry on the
stack after using it to display the message, and then return to the next
address on the stack. GET-MESSAGE returns with the address of the
message text in R14 and R15.
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MV

Syntax

Description

10-32

The MV instruction transfers a specified number of words (tallies) from
an absolute memory address to a virtual memory location.

MVT

r address register operand that points to the first byte of the storage
area (if word-aligned), or one byte before the first byte (if an odd
byte).

MV expects that T2 and TO have been set up to contain the memory
address (word address) where the first word (tally) of data is to be
found. T2 holds the high-order 2 bytes of the memory address, and TO
holds the low-order 2 bytes.

MV also expects that T1 has been set up to contain the number of words
(tallies) to move.

The MV instruction can be used to move strings that cross frame
boundaries, since it will follow the links.

Both source and destination addresses must be word-aligned since the
move 1s one tally at a ime. The kernel ensures that the byte address of
the destination location is word-aligned. If the register initially points to
an odd byte, the kernel automatically increment sthe register by 1 byte
and zeros the low address bit (thus converting the byte address in the
register to a word address).

Then the number of words indicated by T1 are moved. (The memory
address is not pre-incremented for the first word move.) The instruction
terminates with the register pointing to the high-order byte of the last
word moved.

If no frame boundary is crossed in the move, the contents of the
symbols (T1, T2, and TO) are not touched; otherwise, they are all
altered.
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MVER.OFF
MVER.ON

Syntax

Description

6973-1

The MVER.OFF directive is used to exclude certain code from being
verified; this applies to the definition of variables that are initialized by
the ABS mode. The MVER.ON directive is used to turn verifying back on
after it has been turned off via MVER.OFF and the variables have been
declared.

MVER.OFF
MVER.ON

The MVER.OFF and MVER.ON directives are designed to ensure that
variable data will not be included in the verification by either the
MVERIFY or VERIFY-SYSTEM commands. MVER.OFF generates special
object code that turns off verifying for the code that follows this
directive. MVER.ON turns on verifying, which is the normal condition
for program code. (MLOAD recognizes and ignores the special object
code.)

These directives should be used in any mode that has variables (flags,
tables, lock-tallies, etc.) that initialize a part of the ABS frame that will be
modified at execution time. MVER.OFF should be used before
declaration of the variables and MVER.ON afterward to resume
verification.

The BUILD.CHECK-SUM program, which is used to create a CHECK-SUM
type item from the object code of assembled modes in a file (for
example, SM or SYSTEM-OBJECT), uses the special object code to create
a CHECK-SUM item for the proper ranges of program lines, excluding
lines with MVER.OFF. The locations skipped by ORG statements are not
included in the checksum and do not require MVER.OFF.

The following example shows how MVER.OFF and MVER.ON are used
in the LOCKS mode (frame 170).
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FRAME 170
MVER.OFF *Don't verify NEP
0 ORG *+ID.EP.SIZE Leave room for one EP
MVER.ON * Turn verify back on.
1 EP ' QUNLOCK
2 EP ! START

END.ENTRIES EQU *

ORG 0

MVER.QFF * Don't verify lock
QLOK TLY 0

MVER.ON * Turn verify back on.

ORG END.ENTRIES

ALIGN * THIS TABLE IS REFERENCED..

MVER.OFF * * Don't verify table
PEQLOK TLY 0
IQLOK TLY 0
FQLOK TLY 0
SPLRLINE DEFT R1,*16
ORG *+2
MVER.ON * * Turn verify back on.

The following discussion is based on an older version of
the LOCK mode example. The sense of it is probably OK,
but references to the NEP and to the specific locations are
not accurate.

One objective of the above is to allow R1 to address a system lock (now
a tally, which means that the first entry point cannot be used since it

would be overwritten by the lock). So, we use MVER.OFF before the
NEP and MVER.ON after it.

Second, after ORGing back to zero to name and initialize the lock tally,
we MVER.OFF, declare the QLOK tally, and MVER.ON again.
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Since the MVERSs are directives, their order in the source is significant,
while the actual location counter at the time the MVER is encountered is
not. Thus, the MVER.OFF may either precede or follow the ORG to
location zero (0), and the MVER.ON may precede or follow the ORG to
END.ENTRIES (because there is no other object code generated
between the ORGs).

The same is true later with the MVER.ON at location 0028; it may either
precede or follow the ORG to *+2 (or the DEFT). Actually, if the
MVER.ON at 0002 and the MVER.OFF at 0020 were simply omitted,

the only consequence would be that the ALIGN byte at 001F would not
be verified.

The result of the MVER directives in the source shown above yields a
CHECK-SUM entry with ranges 3-1F, 28-1F5 (1FS is the last byte of
generated object), and MVERIFY will only venfy the same ranges.
(Also, the second HALT of the NEP--the 01 at location 0002--is not
part of the lock and won't be verified either.)
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POPS

Syntax

Description
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The POPN and POPS instructions are BASIC instructions. The POPN
instruction pops a direct integer off the BASIC stack. The POPS
instruction pops a string (either direct or indirect) off the BASIC stack.

POPN r3 POPS r3,r

r address registers

The register for POPN should normally be R3 (HS) since that is the
BASIC stack register, which points to the next stack entry on the BASIC
stack of descriptors. The first register should always be R3 for POPS.
The second register will be set to point to the string referenced by the
descriptor popped off the stack.

The POPN and POPS instructions are used whenever a BASIC program
needs to retrieve data from the stack. The stack consists of descriptors;
in the case of long strings, the actual data is not on the stack. POPN is
used to retrieve the numeric value of the data referenced by the top-of-
stack descriptor; POPS is used to retrieve a string value.

The BASIC stack is referenced by the HS buffer beginning pointer
HSBEG. HSBEG always points to the beginning of the stack. The stack
itself, however, is built in frames obtained from overflow, which are
released when the program exits. Since the address register R3 (HS)
points within the stack to the next stack entry, the actual top-of-stack is
ten bytes before the current location of R3.

Popping an entry off the stack consists of decremen-ting R3 by ten bytes,
and retrieving the data via the descriptor then addressed by R3.

If the descriptor code after the stack is popped does not match the
requirement of the instruction (that is, a direct integer for POPN or a
direct or indirect string for POPS), or if the stack register crosses a frame
boundary (on most implementations), an appropriate subroutine is called
to perform the conversion or exception processing.
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The subroutine's address is obtained from the mode-id table entry 2 for
POPN, or entry 4 for POPS. If a subroutine is called, the stack register is
left unchanged before the routine is entered .

POPN or POPS should never be used with operands that could produce
different results when the subroutine is invoked. In particular, POPS
should always be used with R3 and R10 in BASIC run-time code since
that is what is used by the software routines referenced by the BASIC
OPCODES (mode-id) table.

For example, the following sets R10 to point to the top-of-stack string
data:

POPS R3,R10

The functons of each POP instruction is best described by showing their
software equivalents (for illustration only; the code may not do these
exact steps to get the correct value):

POPN (Value will be returned in FPO)
DEC R3,10 Pop the stack
BCE R3,X'01',IN OK if value is integer
INC R3,10 Reset stack pointer

(Enter software routine]

IN INC R3,2 Set stack pointer to value
LOAD R3;FO0 Load value from descriptor
DEC R3,2 Reset stack pointer
RTN
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POPS (Pointer will be returned in 'r' below)

DEC R3,10 Pop the stack
BCE R3,X'02',SS Test for Short String codex*
BCE R3,X'82',LS Test for Long String code*
INC R3,10 Reset stack pointer

[Enter software routine]

SS MOV R3,r Pointer to short string
RTN

LS INC R3,2 Set stack pointer to
CMNT * storage register
MOV R3:S50,r Long string pointer from
CMNT * descriptor.
DEC R3,2 Reset stack pointer
RTN
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PUSHXx

Syntax

Description
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The PUSH instructions are BASIC instructions that are used to push data
onto the BASIC stack.

PUSHO r3 PUSH1 13
PUSHN r3 PUSHS r,r3 PUSHD r,r3

r3 The PUSHO, PUSH1, and PUSHN forms have one address register (r)
operand, which should normally be R3 (HS) since that is the BASIC
stack register (points to the next stack entry on the BASIC stack of
descriptors).

r Inthe PUSHS and PUSHD commands, the first register points to
the location of the string or descriptor; the second register should
always be the BASIC stack register (R3).

The instructions push values onto the BASIC stack as follows:
PUSHO pushes a zero

PUSHI pushes a (scaled) one

PUSHN pushes an integer

PUSHS pushes an indirect string

PUSHD duplicates a descriptor, or enters a software routine, depending
on 7?

The BASIC stack is referenced by the HS buffer beginning pointer,
HSBEG. HSBEG always points to the beginning of the stack. The stack
itself, however, is built in frames obtained from overflow, which are
released when the program exits. Since the address register R3 (HS)
points within the stack to the next stack entry, the actual top-of-stack is
ten bytes before the current location of R3.

Pushing an entry onto the stack consists of storing a ten-byte descriptor
starting at the current location addressed by R3 (not at the location +1).
R3 is then incremented ten bytes.

The only exception to the above is in the case of PUSHD when the
descriptor being copied has a type code of X'00' in byte O of the
descriptor. When this happens, the copy is not made, and the routine
referenced by entry 3 (PUSH ADDRESS) in the mode-id table is entered.

Assembly Manual 10-39
Confidential and Proprietary to The Ultimate Corp.



Instruction Set for Internal Use

10-40

——

(The routine is entered as if an ENT instruction had been executed, not a
BSL as is the case for POPN and POPS software routine entries.)

The reason for this is that a descriptor of type X'00' (Undefined
variable) does not reference data, and it is assumed that the PUSHD
instruction is being used to push data (or a pointer to data) onto the
stack. Entry 3 of the mode-id table is used to reference an error routine,
which traditionally prints the message:

Variable has not been assigned a value--zero used.

If a software routine is called, the stack register is left unchanged before
the routine is entered .

The functions of each PUSH instruction is best described by showing
their software equivalents:
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PUSHO
MCC X'01',R3 Direct Integer
INC R3,2 On byte 2
ZERO R3;FO0 Store zero
INC R3,8 Complete push
PUSH1
MCC X'01',R3 Direct Integer
INC R3,2 On byte 2
MOV SCALE,R3;FO0 Store scaled 1
INC R3, 8 Complete push

PUSHN (value 1is in FPO)

MCC X'01',R3 Direct integer
INC R3,2 On byte 2
STORE R3;F0 Store value
INC R3, 8 Complete push

PUSHS (Register addressing string is r below)
MoV X'8200',R3;TO Indirect string

INC R3,2 On byte 2
MoV r,R3;S0 Store pointer
INC R3,8 Complete push

PUSHD (Descriptor to be copied is addressed by r below)

BZ r;HO, ENT Branch if descriptor 0
MOV r;F0,R3;FO Copy next 6 bytes
MOV r;T3,R3; T3 Copy next 2 bytes
MoV r;T4,R3;T4 Copy next 2 bytes
INC R3,10 Complete push

* Done

ENT ENT 2,MODEID BOPS
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R1EQU

Syntax

Description
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The R1EQU directive is used to improve efficiency on software
implementations and is an alternative to the EQU directive, for internal
use only.

R1EQU symbol,n
symbol name of the symbol

n constant or literal value to assign to the symbol.

The R1EQU directive may be used once in any frame in place of the
following sequence, where the symbol is not used in any instruction that
requires the address of the symbol:

FRAME nnn
ORG 0
CHR XXX

symbol EQU R1

In fact, this is exactly the macro sequence generated on firmware
implementations.

Use of RIEQU improves efficiency on software implementations
because immediate values within instructions execute faster than
references to locations within virtual memory.

On software implementations, R1IEQU equates a symbol to a value. On
firmware implementations, R1EQU places a value at location X'000' in a
frame and EQUATESs R1 to a symbol that refers to it.

In the following example, the equated symbol COLON can be used in
any instruction that refers to the symbol's value. However, it would not

be valid in an instruction that uses the address of the symbol, such as a
WRITE.
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FRAME
R1EQU

BCE

511
COLON,C':"

RS, COLON, L1

The R1IEQU shown in the example is expanded to the following code on
firmware implementations:

ORG 0

CHR C':

COLON EQU R1l

On software implementations, it will be expanded as follows:

COLON EQU C':

Assembly Manuai
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READN

READT

10-44

The READN instruction is used to read a group of characters of terminal
input.

For details, see the BNREADN/READN/READT instruction.

The READT instruction is used to read a group of characters of terminal
input.

For details, see the BNREADN/READN/READT instruction.
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REV |
The REYV instruction returns the revision number of the current firmware
revision level. Its use is dependent on the particular implementation.
Syntax REV T

r address register

Description REV returns a 1-byte number that identifies the current firmware revision

level. The number is stored at the byte address of the specified register.
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RPLDCD

Syntax

Description
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The RPLDCD instruction is used on some implementations instead of the
DCD instruction. It uses the source code for RPL as a replacement for
the DCD code.

RPLDCD r,r

r address register; the first is the RPL instruction register (typically
RS); the second is the RPL stack register (typically R2)

On some implementations, the location of the opcodes table is derived
from the BOPS tally in the PCB. When BASIC is running, BOPS contains
the FRM.LOCK-provided memory location for the BASIC opcodes frame.
When RPL is running, BOPS contains the FRM.LOCK-provided memory
locanon for the RPL opcodes frame. For performance reasons, some
implementations do not decode BOPS to get the memory address, but
already know where the BASIC and RPL opcodes tables are. For these
implementations, different decode instructions are needed for RPL and
BASIC so that the appropnate table can be accessed.

RPLDCD functons identically to the DCD instruction except that it uses
the RPL opcodes table instead of the BASIC opcodes table.

Assembly Manual 6973-1
Confidential and Proprietary to The Ultimate Corp.

N



Instruction Set for Internal Use

RTNX

The RTNX instruction is a form of RTN for internal use only. This form
of RTN is not noticed by the assembly debugger when tracing modal
entries (M command). Itis used only in debugger system code.

Syntax RTNX

Description The RTNX instruction should be used only after the DB ENT monitor call
in System Mode DBO1.

The assembly debugger is entered as if a BSL instruction to one of the
entry points in frame 1 (DBO1) were executed. The code in frame 1
executes a DB.ENT monitor call to begin executing debugger code using
the DCB (debug control block) in place of the PCB. When the debugger
1s through executing, a DB.LV monitor call returns control to the
instruction after the DB.ENT in DBOI; this instruction is a RTNX. If an
ordinary RTN were executed here, and if modal tracing were enabled,
the RTN would immediately cause another entry to DBO1, producing an
endless loop.
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Syntax

Description
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The SCHR directive is used to improve efficiency on software
implementations and is an alternative to the CHR directive, for internal
use only.

{symbol} SCHR n
symbol symbol name of the character

n constant or literal value to be assigned to the character symbol.

SCHR can be used when only the value of a symbol is desired. It cannot
be used where the CHR values must be in virtual memory.

Use of SCHR improves efficiency on software implementations because
immediate values within instructions execute faster than references to
locatons within virtual memory.

On software implementations, SCHR equates a symbol to a value. On
firmware implementations, SCHR reserves one byte of storage and
defines the symbol in the label field to be of type C (character).

In the following example, the character symbol PERIOD can be used in
any instruction that refers to the symbol's value. However, it would not
be valid in an instruction that expects to find the value in virtual
memory, such as SRA or LOAD.

FRAME 511
PERIOD SCHR cr.!

BCE R12,PERIOD, L1
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?? Fate unknown since not currently used. It changes the number of the
base register of literals (which is always R1 as far as virtual
programmers are concerned). (Scott)
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SETDD
SETDO

Syntax

Description

10-50

The SETDD and SETDO instructions are BASIC instructions used to set up
a register to address a specific descriptor in the BASIC variable space.
The variable's descriptor location is encoded as an offset into the
variable space.

SETDD r,r SETDO r,r

r address register operands; the first register points to the register to
set up to address the descriptor. For SETDD, the second register is
the BASIC stack register (R3). For SETDO, the second register is the
BASIC instruction register (R6).

SETDD is used when the offset to the descriptor is to be obtained from
the BASIC stack. SETDO is used when the offset is to be obtained from
the next two bytes of the BASIC object code in the current program.

For SETDD instructions, the offset to the descriptor is obtained from the
BASIC stack, via the stack register. The PUSH ADDRESS B primitive
creates a stack entry with the offset stored in bytes 2 and 3. This value
is picked up by SETDD and used to reference the variable.

For SETDO instructions, the offset to the descriptor is obtained from the
object code, via the instruction register. The offset is the next two bytes
of BASIC object code.

SETDD does not alter its second (stack) register; however, SETDO
increments the second (instruction) register.

The functions of the SETDD and SETDO instructions are best described
by showing their software equivalents:
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SETDD (Pointer returned is
LOAD R3;T1
MOV ISBEG, r

CMNT *
BHEZ TO,NC
CMNT *
ADD COMDSP
NC INC r,TO
RTN

The accumulator is used here only for illustration;

SETDD does not destroy it.

SETDO (Pointer returned is 'r' below)

INC R6

LOAD R6:;TO

MOV ISBEG, r

CMNT *

BBZ R6;B0,NC

CMNT *

ADD COMDSP
NC INC r,TO

INC R6

RTN

* The accumulator is used here only for illustration:;

SETDO does not destroy it.

‘r' below)
Pick up offset*
Set to beginning of
variable space
Not in COMMON area if
high-order bit 0
Adjust for COMMON

To next byte in object code
Pick up offset~*

Set to beginning of
variable space

Not in COMMON area if

high order bit 0

Adjust for COMMON

Update instruction register

Assembly Manual
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Description
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The SHTLY directive is used to improve efficiency on software
implementations and is an alternative to the HTLY directive, for internal
use only.

symbol SHTLY n
symbol specifies the symbol name of the character

n specifies the value of the half tally symbol as an alphabetic,
numeric, or alphanumeric value

SHTLY can be used when only the value of a symbol is desired. It
cannot be used where the SHTLY values must be in virtual memory.

Use of SHTLY improves efficiency on software implementations becuase
immediate values within instructions execute faster than references to
locatgons within virtual memory.

On software implementations, SHTLY equates a symbol to a value. On
firmware implementations, SHTLY reserves one byte of storage and
defines the symbol in the label field to be of type H (Half tally).

In the following example, the half tally symbol FIVE can be used in any
instruction that refers to the symbol's value. However, it would not be
valid in an instruction that expects to find the value in virtual memory,
such as SRA or LOAD.

FRAME 511
FIVE SHTLY 5

BU ACFH,FIVE, L1
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The SLEEPX instruction performs the same function as SLEEP, except
that the lock tally addressed by the address register is zeroed. SLEEPX
causes the process to be deactivated and put in a wait state untl a
specified time of day.

SLEEPX T

r address register; points to a lock tally on an even-byte boundary
(word-aligned).

The SLEEPX instruction is used when a process is to be put to sleep and
a lock which the process has is to be unlocked (zeroed).

SLEEPX is used to avoid the following problem:

Suppose that a LOCK monitor call instruction has been used to gain
exclusive access to a table or other data. The code to manipulate the
table has been executed. The process now wants to unlock the table and

go to sleep until another process wakes it up with a PIB.ATL monitor
call.

If the first process were to use two separate instructions to unlock and
go to sleep, there is a chance that it would be deactivated after the first
instruction, the other process would execute the PIB.ATL, the first
process would re-activate and execute the SLEEP, and the signal from

the second process to wake up from the SLEEP would be completely
missed.

The solution is for the first process to point an address register at the
lock tally and execute a SLEEPX. Then the second process will not run
until the first is asleep, since unlocking and going to sleep are done by
the kernel in effectively one step.
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SMOD

Syntax

Description
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The SMOD directive is used instead of a FRAME directive to identify
system module items.

SMOD n

n system module number

The SMOD directive is used instead of a FRAME directve when
assembling system module items, such as SYSMSG messages and
keywords. System module items provide a convenient method of
storing text data together for foreign language translation, and also allow
the system to store certain data structures in binary format that do not
conform to the standard Ultimate file structure.

The SMOD items are loaded via the SLOAD command. Before a new
SMOD item can be loaded, it must be added as an entry to the SLOAD2
table (frame 155) so that it will be recognized and processed by SLOAD.

Frame 223 is a map called SYS-TABLES-IV that identifies the system code
stored as system module items; system module items are stored in

binary format rather than in standard Ultimate file structure. The kernels
for firmware implementations as well as certain data structures used by
virtual code are stored in this way. The modules containing no
executable code can be referred to as either SMODs or RMODs. .

One such module is the system message module, SMOD 125 (or RMOD
125). This is a block of linked frames pointed to by entry 125 in frame
223 (SYS-TABLES-IV). These SMOD frames are always copied to tape as
part of a SYS-GEN, and are loaded during a coldstart or file-restore.
They are initialized with the SLOAD command.

The source for SMOD 125 is in the SYSMSG file on the R10 account.
Each item in the file corresponds to one 500-byte block of messages,
and is assembled just like an ordinary assembly language program.
However, the first line of each of these items consists of an SMOD
directive instead of a FRAME directive. This is because the object code
is not loaded into a specified ABS frame via the MLOAD command, but
into a specified module via the SLOAD command. Module 125 consists
simply of the object code of all the assembled items in the SYSMSG file.
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The TIDC (translate incrementing string to incrementing string,
delimiter) instruction is the same as the MIIDC instruction except that
each byte is translated before it is moved. The number of characters
moved is counted.

TIIDC r,r,n
r address register in the range of R3-R14

n constant or literal value that specifies the mask of delimiters to use as
terminators for the string being moved.

The first address register's byte address +1 references the starting
character of the string to be moved. The second address register's byte
address +1 is the location at which the starting character of the string is
to be stored.

TIIDC increments the register operands. The character addressed by the
first register is translated and stored at the location addressed by the
second. If the specified delimiter is not encountered, the operation is
repeated.

The TIDC instruction expects that the accumulator TO has been set up
(usually to ZERO or ONE), so that on termination TO will indicate the
number of characters moved.

TIDC also expects that R15 has been set up to point to a 256-byte
translation table. Byte O of the table contains the value to be put in the
destination string whenever a X'00' appears in the source string. Byte 1
of the table contains the translated value of X'01', etc. The translation
table must be set up prior to executing the instruction.

The TIDC instruction can be used whenever a string needs to be
translated into another format (such as from European to English) before
it is moved to another location and the string delimiters can be specified
in a mask byte.

The third operand, called a mask byte indicates the terminating condition
for the string move. Each byte of the untranslated (source) string is
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tested after it has been copied, to see if it satisfies the terminating
condition.

For the address register operand, the incrementing process could
generate an address that crosses a frame boundary. If the registeris in
unlinked mode, and the frame boundary is reached, the assembly
debugger is entered with a trap condition indicating Crossing Frame
Limit. If the register is in linked mode, it is normalized and attaches to
the next frame in the linked chain. If the end of the linked set is reached
during the normalization process, the following action is taken:

« If the exception mode identifier XMODE is non-zero, a subroutine call
is executed to that address, to allow special handling of this
conditon.

+ If XMODE is zero, the assembly debugger is entered with a trap
condition indicating Forward Link Zero.

The mask byte can specify up to seven different characters to be tested;
four of them are the standard system delimiters:

segment mark SM X'FF'
attribute mark AM X'FE'
value mark VM X'FD'

sub-value mark SVM  X'FC'

The other three characters are taken from the scan character symbols

SCO, SC1, and SC2. The contents of these symbols are specified by the
programmer.

The low order seven bits in the mask byte are used to determine which
of the seven characters are to be compared; if any bit is set (1), the
corresponding character is tested; if zero (0), it is ignored.

If the high-order bit (bit 0) of the byte is set (1), it indicates that the
string terminates on the first occurrence of a delimiter as specified by the
setting of bits 1-7. If it is zero (0), it indicates that the string terminates

on the first non-occurrence of a delimiter as specified by the setting of
bits 1-7.
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For more information on the use of the mask byte, see the description of

SC0, sC1, and SC2 in Chapter 3.

In the following example, note that X'FE' was simply translated to itself

because that is how the translation table is built.

Instruction: TIIDC R12,R13,X'A0"' COPY UNTIL AM
Before

instruction: R15 mask byte: 1 0 1 0
translation table 4041424344 ... FDFEFF

R12 R13
Data (01040000FE 41444040FE

After —j ‘_T
instruction:

0000

Assembly Manual
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VIO
VIOLD

Syntax

Description
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The VIO and VIOLD (virtual input/output) instructions are used internally
to transfer data between external devices and the CPU. The VIO
instruction transfers one word or tally (16 bits) to or from the specified
device. The VIOLD instruction may transfer one word or a block of
words, and an address.

VIO t,t,t VIO* t,t,t
VIOLD r,t,t,t VIOLD* r,t,t,t

t tally symbol or a literal (symbol type n)

r address register

* indicates that an interrupt request is to be set in the kernel's interrupt

table

For VIO(*}, the first operand is the transfer.loc; the second is the
device.addr ; the third is the funct.code.

For VIOLD{*}, the first operand is a register that references the first byte
of the transfer.loc; the second is the dev.addr; the third is the
funct.code. The fourth operand specifies a range .

transfer.loc transfer location:; for VIO, this is where the word
transferred is stored (if input) or obtained (if output); for
VIOLD, this is the starting location of the transfer.

device.addr virtual device address; must be addressed by RO or R1.
This identifies a peripheral device on the system that can be
accessed by virtual code. Virtual device numbers begin at
zero, and come in pairs. Even device numbers refer to the
input channel of a device, and odd numbers refer to the
output channel. Two channels are always reserved, even
for devices normally associated with output only (printers,
for example), or input only. Which channel to use in an
instruction depends on the function being performed.
Details must be obtained from the appropriate hardware
manual.
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funct.code function code; contains the function to be performed, and
must be addressed by address registers RO or R1. The
actual function code format is dependent on the hardware.

range range; used only in VIOLD instructions to specify the
number of bytes to be transferred, and must be addressed
by address registers RO or R1.

Note that, unlike all other instructions, VIO and VIOLD require operands
to be either in the PCB (addressed via RO) or in the current program
frame (addressed via R1).

The usage of these instructions is completely dependent on the particular
hardware implementation of Ultimate. For example, on LSI-based
systems, all VIO/VIOLD instructions automatically set interrupts for the
appropriate function codes (and ignore an asterisk, if one is present).
The details about virtual device address and function code formats must
be obtained from the appropriate hardware manual or the source code.

Also associated with each virtual device is a device-id. This is obtained
by executing the GET.ID or N.GET.ID monitor call instruction with a
specified virtual device number as a parameter. If GET.ID or N.GET.ID
returns zero, there is no device with that virtual device number.
Otherwise, the device type can be determined from the device-id.

Device-ids are two-byte numbers. The following are some examples of
device-IDs.

Device-id Description

X'2003' line printer with 96-character set and VFU
X'2017 5 1/4" diskette

X'204E’ 9-track 75 IPS 800/1600 BPI tape

X'207F 1/4" QIC-02 Streamer tape drive

X'2118' 50baud-19.2kb async comm port
X'2158' - 50baud-19.2kb sync comm port

X'2305' 413mb FSD disk

X'2363' 256mb mass storage unit

X'2949 HDLC broadband comm port

X'3311° 1/4" streamer tape drive on FSD controller
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When a system has several virtual devices of the same type (such as tape
drives), the devices of that type are always numbered in the order of
their virtual device numbers, usually corresponding to hardware channel
numbers or something similar.

Execution continues as usual after the VIO or VIOLD has initiated the
I/O request. VIO* and VIOLD* initiate data transfer but allow the
program to continue.

If an interrupt has been requested (VIO* or VIOLD* forms), a WAIT
monitor call instruction should be used after the VIO* or VIOLD*
instructon. WAIT will suspend (deactivate) the process until the
completion interrupt occurs. If more than one interrupt can be
outstanding at a ime (such as by issuing VIO* instructions to two
different devices), the accumulator should be inspected after execution
of the WAIT instructon to see if it matches the device number of the
desired device. The VIOLD* form also keeps the data buffer in main
memory undl the interrupt is received.
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The VM instruction transfers a specified number of words (tallies) from
a relatively addressed location to an absolute memory address.

VM Tr

r address register; points to the first byte to be moved (if word-
aligned), or one byte before the first byte to be moved (if an odd
byte).

The VM instruction can be used to move strings that cross frame
boundaries, since it follows the links.

VM expects that T2 and TO have been set up to contain the memory
address (word address) where the first word (tally) of data is to be
stored. T2 contains the high-order 2 bytes of the memory address, and
TO contains the low-order 2 bytes.

VM also expects that T1 has been set up to contain the number of words
(tallies) to move.

Both source and destination addresses must be word-aligned since the
move is one tally at a ime. The kernel ensures that the byte address of
the source data is word-aligned. If the register initially points to an odd
byte, the kernel automatically increments the register by 1 byte and zeros

the low address bit (thus converting the byte address in the register to a
word address).

Then the number of words indicated by T1 are moved. (The memory
address is not pre-incremented for the first word move.) The instruction
terminates with the register pointing to the high-order byte of the last
word moved.

If no frame boundary is crossed in the move, the contents of the
symbols (T1, T2, and TO) are not touched; otherwise, they are all
altered.
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The XBCA and XBCNA instructions are extended versions of BCA and
BCNA, and are available for internal use only.

XBCA r,l XBCA r,l,l
XBCNA r,l

1 local label

r address register

These instructions are used instead of the BCA and BCNA instructions
when the French version of the operating system must test an extended
alpha character set. The extended set contains characters such as the
acute (/) and grave (\) accent marks used with vowels, which are not in
the normal U.S. English range.

The U.S. OSYM entries for XBCA and XBCNA are the same as the BCA
and BCNA versions. The French versions in OSYM are documented (??)
in the OSYM-FRENCH file on the R10 account.

Both of these instructions expect that a special subroutine has been
defined in the system mode ALPHA-ENTRY-DEFS (??); this item should
be INCLUDEd in any mode where the XBCA or XBCNA instruction is
used. The subroutine name must contain the address register (R0O-R15)
used in the instruction; the valid names are ALPHA.Rx (for XBCA:RL and
XBCNA:RL) and XALPHA Rx (for XBCA:RLL), where Rx is the name of
an address register.

The XBCA and XBCNA instructions are macros that generate calls to
character testing subroutines, followed by one or more branch
instructions. The subroutines test the indicated character, and then
adjust the return stack as necessary to cause the correct instruction to be
executed on return, based on the value of the character.
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XBCARL Usage

The macro expansion format of the XBCA:RL form is:
BSL ALPHA. (2)
B (3)

This causes the program to do the following:

 branch if the character is alphabetic (C'A'-C'Z' or C'a'-C'z'), or if the
character is in the table CHAR.TABLE below

« fall through the code in any other case

The following shows the results of compiling an XBCA instruction:
XBCA R13,MYLABEL
+BSL ALPHA.R13
+B MYLABEL

The subroutine ALPHA.R13 inspects the character pointed to by address
register R13. If the character is in the extended alphabetic range (see
Table 10-1), execution continues with the Branch instruction after the
return from ALPHA.R13. But if the character referenced by R13 is not in
the extended alpha range, the return stack is adjusted so that the Branch
instruction is skipped, causing the program to fall through to the next
instruction after the XBCA instruction.

XBCARLL Usage

The macro expansion format of the XBCA:RLL form is:
BSL XALPHA. (2)
B (3)
B (4)

This causes the program to do the following:

* branch to the first label if the character is alphabetic C'A'-C'Z’ or
C'a'-C'z’

» branch to the second label if the character is in the table CHAR. TABLE
below

« fall through the code in any other case
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The following shows the results of compiling an XBCA instruction:
XBCA R13,LABEL1, LABEL2
+BSL XALPHA.R13
+B LABEL1
+B LABEL2

The subroutine XALPHA.R13 inspects the character referenced by R13,
and returns to the first Branch instruction if the character is in the normal
alpha range, or to the second Branch instruction if the character is in the
special range, or to the instruction after the XBCA if the character is not
in either part of the extended alphabetic range.

XBCNARL Usage

The macro expansion format of the XBCNA:RL form is:
XBCA (2), (L+1)
B (3)
(L) EQU *

The meaning of this form is simply the opposite of XBCA:RL. There is
no XBCNA:RLL.
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Table 10-1. CHAR.TABLE

X'AC' a accent grave
X'AD' a circonflexe
X'AF' | trema

X'Bl' ¢ with cedilla
X'B2' é accent aigue
X'B3’ e accent grave
X'B4’ € circonflexe
X'BS' € trema

X'B8' 1 circonflexe
X'B9Y’ T trema

X'BE’ o) circonflexe
X'BF' 0 trema

X'c3’ u accent grave
X'c4' a circonflexe
X'Cs' i trema

French terminals do not actually generate the values shown for these
letters. Instead, a multi-byte sequence is generated for each special
character, which Ultimate system software translates into the
corresponding one-byte values in CHAR. TABLE. These standard logical
values can then be operated on more easily by software such as that
found in word processing routines. In particular, these one-byte values
are easily tested by using the XBCA and XBCNA instructions.
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