



































































































































































































































































































































VISION ARCHITECTURE CONTROL DOCUMENT 07/31
DO NOT COPY -- HP PRIVATE INFORMATION

7.3.2 Task Clock

This clock will be used by the system for accounting purposes.
This clock counts up and is put in the hold mode whenever control
is transferred to the Interrupt Control Stack (ICS), It may also
be disabled by software by placing it in hold mode., On return
from the ICS, it resumes counting.

The following functions are provided to support this clock.

- SET CLOCK (value passed is 64 bits)
- READ CLOCK (return value is 64 bits)
- HOLD CLOCK

- RESUME CLOCK

7.3.3 Interval Clock

This 64-bit two’s-complement clock interrupts the CPU after a
programmable interval has elapsed. It is used by the system for
device time-outs, time slicing of processes, etc. The interrupt
is treated like any other I/0 interrupt in the system and is
therefore subject to being masked off by software. The clock is
set by loading it with the desired interval, in nanoseconds.

(It should be a positive interval., A negative interval will load
zero into the clock and cause an immediate interrupt.} From there
on, it counts down until it becomes negative at which time the
interrupt is generated. The interrupt is signalled to all
processors in a shared-memory multiprocessor system at a priority
level that can be configured by softuware.

On power-up, the interval clock shall be set to its largest
positive value. This should prevent any unexpected interrupts
from being generated by this clock for at least 292 years,

The following functions are provided to support this clock.

- SET CLOCK (value passed is 64 bits)
- READ CLOCK (return value is 64 bits)
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7.4 Summary of Traps and Internal Interrupts

The following table is a summary of the internal interrupts and
traps, Detailed descriptions of each internal interrupt and
follows in this chapter, For this table, the following notation
will be used:

1. ENV -- Egecution enviromment of handler
a) CS = current stack
b) ICS = interrupt control stack

2, E/D Control

- Enable/Disable Control. This indicates
the control that software has over the
transfer of control to the handler.
a) PE = permanently enabled
b) The status word and flag(s) that control
the handler (eg. B2.INTOVFE for fixed
point overflow)

3. Parameters -- Parameters passed to handler
a) Pcurrent=Pc = logical address of offending
instruction,

b) Pnext=Pn = logical address of the instruc-
tion following the offending instruction.

c) Preturn=Pr = the return address in the
gtack marker.

4, Type -- Type of exrception
a) 1II = Internal interrupt
b) NR = non-recoverable trap
¢} R = restartable trap (Pr=Pc)
d) € = contimuable trap (Pr=Pn)
e) SR = step restartable (Pr=Pc)
f) SC = step contimuable (Pr=Pn)
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Table of Internal Interrupts and Traps

| Mnemonic

| Trap#| ENV

+ +

Paranmeters

| TIMEMPAR
| POUERFAIL
| TIPURRCV
| 1ICPUCHK
| TICSPREPLY
| CODEBNDSV
| CODEODTV
| CODETYPV
| CODERINGV
| INSPRIV

| INSOPSPEC
| INSERROR
| INSCHKLO
| INSCHKHI

| INSUNDEF
| INSXTL

| INSODDP

| INSPROBE
| INSMOVSPL
| INSSWITCH
| INSVPPERM
| INSVPICS
| STKCONSISTV
| STKOVF

| STKUNF

| STKDEXTV
| DATABNDSV
| DATAODTV
| DATATYPV

| DATAARV
|FL-INV

| FL-DVDZ

| FL-OVF

| FL-UNF

| FL-INX

| INTDVDZ

| INTOVF

| B2. INTOVFE

II
11
II
II
11

QOOQOQOOOAUTZWVTVTZV VD ZQUAOAQQ D0

|E/D Control|Typel
| 1 |ICSIPE |
| 2 |ICS|PE |
| 3 |ICSIPE |
| 4 |ICSIPE |
| 5 |Icsici.IE |
{ 6 |CS |PE |
| 7 |CS |PE |
| 8 |CS |PE |
| g |cs |PE I
| 10 |Cs |PE I
{ 11 Ics |PE |
| 12 |cs |PE |
| 13 |CS |PE |
| 14 |CS |PE |
| 15 |cs |PE |
| 16 |CS |PE |
| 17 |cS |PE |
| 18 |CS |PE |
| 19 |[Cs |PE |
| 20 |Cs |PE |
| 21 |CS |B1.VPP |
| 22 |cs |PE f
| 23 |Cs |PE |
| 24 |ICS|PE |
| 25 |CS |PE |
| 26 |CS |PE |
| 27 |cS |PE |
| 28 |CS |PE |
| 28 |cS |PE |
| 30 |CS |PE |
| 31 |CS |B2.FLINVE |
| 32 |CS |B2.FLDVDZE |
{ 33 |CS |B2.FLOVFE |
| 34 |CS |B2.FLUNFE |
| 35 |CS |B2.FLINKE |
| 36 |CS |B2,INTDVDZE|
| 37 |cs |

|Address, Pc, 1

|2

I3
|Variable,Pc,4
|Status,5

{Pc,6

|Pc,7

|Pc,8

|Pc,9

|Pc, 10

|Pc,11

|Pc,12

|Pc,13

{Pc,14

|Pc,15

|Pc,16

|Pe, 17

|Pc,18

[Pc,19

{Pc,20

|Pc,21

|Pc,22

|Pc,23

|Pc,24

|Pc,25

|Pc,26

|Pc,27
|Address,Pc,28

| Address,Pc,29
|Address, Pc, 30
jop1, [0p2],Pc,31
|0p1,0p2, Pc,32
|Result,Status,Pc,33
| Result,Status,Pc,34
|Result,Status,Pc,35
|Pc,36

{Pc,37

e e e e e e e o 2 i e . e S e s e o o . i e o e et . o e e e e e s e e
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| Mnemonic |Trap#|ENV|E/D Control|Typel Parameters I
| + S e

| DECDVDZ | 38 |CS |B2.DECDVDZE| C |[Pc,38 |
| DECOVF | 39 |Cs |B2.DECOVEE | C |Pc,39 |
| DECINVL | 40 [CS |PE | R |Pc,40 ]
| DECINVDG | 41 |Cs {PE | R |Pc,41 !
| DBBREAK | 42 |cs |PE | C |Operand,Pc,42 |
| DBCALL | 43 |CS |B1.PTE | sC |Pc,43 ]
| DBCHECKA | 44 |Cs |B2.CB.CBA | C |Operand,Pc,44 |
| DBCHECKB | 45 |CS |B2.CB.CBB | C |Operand,Pc,45 |
|DBSIT | 46 |CS |STATUSA.SIT| C |Pc,46 |
| SEMAOVF | 47 |Ccs |PE | R |Semaphore,Pc,47 |
| SEMADOUN | 48 |cs |PE | C |Semaphore,Pc,48 I
| SEMAUP | 43 |cs |PE | C |Semaphore,Pc,49 I
|SUITCHN (*1) | 50 |CS |PE I C |Pc,50 |
| TRYV | 81 |cs |PE | R |Trypointer,Pc,51 |
|ADRPDIRBND | 52 |CS |PE | R |Entry address,Pc,52

| ADRPDIR | 53 [C8 |PE | R |Page mumber,Pc,53 |
|ADRPAGEABS | 54 |CS |PE | R |Byte offset,VPN, |
| | [ | |Logical address, |
| | o | |Pc,54 |
|ADRPAGETOS | 55 |ICS|PE | R |User stack data, |
[ | [ ! |Byte offset, VPN, i
| | I | |Logical address, |
! | [ | |Pc,55 |
Notes:

*1: This handler runs on the current stack, but it switches from the
compatibility mode part of the stack to the native mode part.
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7.5 Detail Description of Internal Interrupts

7.5.1 Architectural Interface

Uhen an internal interrupt is detected, control is transferred
to the corresponding internal interrupt service routine. The
methods of transferring control and accessing the interrupt
service routines are consistent (identical) across all models of
the Vigion family. The following sections describe the details
of the architectural interface between harduare and softuare
(the interrupt service routine).

7.5.2 Execution Envirorment

All internal interrupt handlers execute on the ICS,

7.5.3 Sequence of Events

WUhen an internal interrupt is detected, hardware performs the
following sequence:

1) External interrups are disabled.

2) In case the currently executing instruction is interrupted
in an intermediate state, intermediate state information
is pushed onto the stack and the IIP bit in STATUSA is set.
Otherwise, the step is skipped. (See the description of
individual instructions for details on interruptible steps).

3) The current execution stack is capped with an interrupt stack
marker,
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The following status fields are given standard values:

M
IIP
ICE
DIsP
SIT
DBP
1Cs
XTL

(native mode)

(hold task clock)

LI N T B T ]

WRPrOOOOOOo

The target location is the entry point in the 0D for 1OI =

A parameter list is pushed onto the interrupt control
stack. The description of each internal interrupt
describes the parameters. The parameters are pushed
onto the stack as shown in the following diagranm:

B S S + ——+
Q==> | parameter 1 | \
e + \
| parameter 2 | \
#ommmmmmmmm e + \ Parameter list
| . | > for internal
e + /  interrupt
| . | / handlers
o ——————— + /
| parameter n | /

S==)>
In all cases the last parameter is the 32-bit Trap#.

The execution enviromment is set up for executing the
internal interrupt handler. This involves the following:

a) The envirorment registers (Q, S, etc.) are set up
appropriately for emecuting code on the ICS.
All other registers X0..X15, B0..B5 are left with
indeterminate values,

b) The execution privilege level is set to the minimum
execution level described in the OD corresponding to
LOI = 1,

c) A branch (BRX) is performed to the destination
defined by the logical object id = 1.

Steps 3 through 7 are repeated for each internal interrupt
detected.
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7.5.4 Multiple Internal Interrupts

Multiple internal interrupts are processed by pushing multiple
interrupt stack markers onto the ICS. Interrupt markers are
pushed in increasing order of priority. Then execution continues
by transferring control to the handler for the latest (highest
priority) internal interrupt.

Internal interrupts in order of increasing priority are:
1) any internal interrupt except power fail and power recovery.

2) power recovery

3] power fail

7.5.5 Internal Interrupts Descriptions

7.5.5.1 Memory Parity Error

This internal interrupt is caused when hardware detects a '"hard"
memory error that it cannot resolve without involving software.

The physical address involved in the access that incurred the error
is pushed onto the ICS.

In a shared memory multiprocessor configuration, the parity error
may not be uniquely attributable to any particular processor’s
memory traffic, Therefore, the parity error may be reported to
any processor in the configuration.

Mnemonic: IIMEMPAR
Parameters: 1. 32-bit physical byte address of the
location with the parity error
2. Pcurrent
3. trap #
Enabling: permanently enabled
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7.4,5.2 Power Fail

Uhen the pouwer system detects a power failure, the power fail
interrupt is taken. In a shared-memory multi-processor

configuration, all processors must receive this interrupt.

Mnemonic: IIPURFAIL
Parameter: trap #
Enabling: permanently enabled

7.5.5.3 Pouwer Recovery

Uhen power is initially applied to the system, a test of memory
contents is performed to determine if it contains valid
information and data. If so, the hardware is initialized
{including writeable control store) and the power recovery
interrupt is taken (warm start). If memory contents are invalid,
the machine will perform a cold start, The test for valid memory
contents is implementation dependent but there will be a finite
probability of mistaking an invalid memory content as being valid.
In a shared memory multiprocessor configuration, all processors
must receive this interrupt. As much as possible, implementations
must save the machine state across power fail/recovery.

Mnemonic: IIPURRCV
Parameter: trap #
Enabling: permanently enabled

7.5.5.4 CPU Machine Check

This trap is defined for the implementation dependent errors that
a CPU implementation can detect about itself. The information
reported under this trap classification is specific to each CPU
implementation, The first parameter is variable in size. Its
third word is the machine check ID number; this defines how much
additional information is present.

Mnemonic: IICPUCHK

Parameter: 1, machine check id
2. Pcurrent
3. trap #

Enabling: permanently enabled
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7.5.5.5 CSP reply is complete

When hardware has completed receiving the reply from the CSP to
the message sent through the MOVEtCSP instruction, this internal
interrupt is generated.

Mnemonic:  IICSPREPLY

Parameters: 1. 32-bit status (implementation dependent)

2. trap#
Enabling:  individually enabled (STATUSC.IE)

7.6 Detail Description of Traps

7.6.1 Architectural Interface

Uhen a trap is detected by the hardware, control is transferred
to its corresponding trap service routine, The method of
transferring control and accessing the trap service routines is
congistent (identical) across all models of the Vigion family.

Traps provided are also consistent across all models of the
Vision family.

The following sections describe the details of the architectural
interface betueen the hardware (or microcode) and the software
(the trap service routines),

7.6.2 Execution Enviromment

All trap handlers execute on the current stack except the top of
stack page fault handler (ADRPAGETOS) which executes on the ICS.

7.6.3 Common Conventions for Traps

7.6.3.1 Parameter Passing to Trap Handlers

All traps push their parameters after pushing the procedure stack
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markers, The diagram below shous how parameters are pushed:

. + ——+
Q==>| parameter 1 | \
| parameter 2 | \
[ | \ Parameter list
| . | > for trap
[ | / handlers
| | /
et | /
| parameter n | /
O + -
§==>| |

In all cases the last two parameters are the 64-bit program
counter Pcurrent, and the 32-bit Trap #.

7.6.3.2 Determining Privilege of the Handler

The trap handler is a procedure in the Trap object (object 1 in
group 0). The access rights of the trap object indicate the
nominal privilege level at which the handler will run. Houever,
privilege is never reduced (will never become rumerically greater)
in going to a trap handler. This corresponds to the normal
procedure calling conventions.

7.6.3.3 Determining the address of a Trap Handler

The address of the trap handler is defined by code object 1 in
group 0.

7.6.4 Sequence of Events

The following sections describe the sequence of events involved in
transferring control to the trap handler. The descriptions rely on
the conventions set out in the previous section. External and
internal interrupts are held off during these sequences.
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7.6.4.1 A Non-recoverable Trap on the Current Stack
Uhen a non-recoverable trap is detected whose trap handler executes
on the current stack, the following events take place.
1) The SIT bit in STATUSA is cleared.
2) An external procedure stack marker is pushed on the stack.
3) The following status fields are given standard values:
™M =0 (native mode)
DBP = 0
4) Q and S are set as expected on a procedure call,
5) Parameters to the trap handler are pushed on the stack.

6) P is set to the entry point address of the trap handler
identified by the trap code object.

7) STATUSA.XL is set to the privilege level at which the
handler should run.

8) Control ig passed to the trap handler at P.

7.6.4.2 A Non-recoverable Trap on the ICS

Uhen a non-recoverable trap is detected whose handler executes
on the ICS, the sequence of events is identical to that for an
internal interrupt.

7.6.4.3 One Restartable Trap on the Current Stack
(or a step-restartable trap)
Uhen a single restartable trap is detected whose handler runs
on the current stack, the sequence of events is the following:
1) For an interrupted instruction, the intermediate state
information is pushed, and the IIP bit in STATUSA set.

Othervise, this step is skipped.

2) A stack marker is pushed onto the stack.
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3) The following status fields are given standard values:

IIP = 0
SIT = 0
™M =0 (native mode)

4) Q and S are set as expected on a procedure call.
5) Parameters for the trap handler are pushed onto the stack.

6) P is set to the entry point address of the trap handler
identified by trap code object.

7) STATUSA.XL is set to the privilege level at which the handler
should egecute.

8) Control is passed to the trap handler at P.

7.6.4.4 One Restartable Trap on the ICS
(or a step-restartable trap)

This follows the sequence for an internal interrupt; except the P
value reported corresponds to the current instruction, not the next.

7.6.4.5 Top-of-stack Page Fault and Stack Overflouw

These follow the sequence for an internal interrupt. Note that these
faults can occur at any time when pushing stack markers and parameters
for trap handlers, A description of the sequence of events in this
case is given in section 7.7.

7.6.4.6 Multiple Restartable Traps
(or step-restartable traps)

When more than one restartable trap is detected, harduvare selects one
and ignores the others. The sequence followed is therefore given by
one of the sections above.
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7.6.4.7 Continuable traps

(or step-continuable traps)

Contiruable traps can only be detected after restartable traps
have already been resolved, so continuable traps occur either
alone or in combination with other continuable traps. Note that
the breakpoint trap and the single instruction trace trap are
classified as continuable traps, In addition to these two, only
one continuable trap can occur in an instruction.
Sequence of Events:
1) Remember the state of the SIT bit in STATUSA.
2) Clear the SIT bit in STATUSA (SIT=0).

3) If no other continuable traps except SIT or breakpoint then
g0 to step 11.

4) If the instruction is step contirnuable and was interrupted
at an intermediate step, push intermediate state information
onto the current stack and set the IIP bit,

5) Push an external procedure marker.

6) Clear the IIP flag in STATUSA.

7) Set Q and S as expected for a procedure call.

8) Push parameters for the one contimuable trap other than SIT or
breakpoint.

9) Set P to the entry point address of object 1 in group 0.
10) Set STATUSA.XL to the privilege level of object 1 in group 0.
11

~

If the DBP bit is clear, go to step (18).

12) Push an erternal procedure marker.

13) Set Q and S as expected in a procedure call,

14) Push parameters for the breakpoint table trap onto.the stack.
15) Set P to the entry point address of object 1 in group O.

16) Set STATUSA.XL to the privilege level of object 1 in group 0.
17) Reset the DBP bit,
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18) If the SIT bit was found in step (1) above, go to step (24).
19) Push an external procedure marker.
20) Set Q and S as expected in a procedure call,
21) Push parameters for the Single Instruction Trace trap.
22) Set P to the entry point address of object 1 in group 0.
23) Set STATUSA.XL at the privilege level of object 1 in group 0.
24) Execute the trap handler at P,
Note: this sequence may give a DBP trap and an SIT trap before a
step continuable instruction will have fully completed., These
trap handlers can either choose to run at this time or they can
set the SIT bit in the stack marker for the interrupted

instruction so that the handlers can release control and yet
regain control back at the end of the instruction.

7.6.5 System Error

Certain error conditions are non-recoverable and they cause the
processor to enter in a special system error state. The
following conditions cause the processor to enter the ’system
error’ state.

1) Any trap, such as ODT Length violation, that occurs while
hardware executes the transfer of control to the trap handler.

2} Cases like overflow or underflow of the dispatcher disable count.
In these cases, there is a software error in privileged code.

3) Bounds violations on the ICS.

4) TOS page faults when executing on the ICS.
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7.6.6 Enabling/Disabling Traps

Traps may be explicitly enabled and disabled individually or in
groups, Traps fall in the following categories.

1)

2)

Permanently Enabled

These traps are always enabled when the system is up and the
software is running. These traps cannot be explicitly disabled.

Individually Enabled

These traps can be explicitly enabled/disabled individually by
setting/resetting a bit in the STATUSB register. Setting of
the bit (=1) enables the trap. Resetting the bit (=0) disables
the trap.

7.6.7 Transfer of Control Traps

For the descriptions of the transfer of control traps, these
notes are applicable:

1)

2)

3)

4)

5)

6)

7)

The Lower Bound (LB) of the object is obtained from the OD
for the object (third word).

The Upper Bound (UB) of the object is obtained from the OD
for the object (fourth word).

The Object Length is computed from the OD for the object:
Object Length = UB - 1B + 1

LB and UB are 32-bit 2’s complement signed integers; their
values, however, must be positive.

The Virtual Address of the target location is calculated
according to the description in chapter 3. Generally,
the Virtual Offset is computed from the logical offset
by the calculation: VOFF = LB + LOFF

For instructions BR and CALL, the target code object is always
the executing code object because these instructions can only
cause internal transfers,

For instructions BRX, CALLX and EXIT, the target code object
nay be either the executing code object of a different code
object because these instructions allow both internal and
external transfers.
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8) For BRX and CALLX, the target location is obtained from the
object descriptor of the target code object,

9) For EXIT, the target location is obtained from the procedure
stack marker,

7.6.7.1 Code Object Bounds Violation

This trap is caused when P points outside the bounds of the code
object. For instructions that change flow of control, such as
BR, CALL, CALLX, EXIT, this trap is detected before the next
instruction is fetched, so that the Pcurrent of the offending
instruction can be reported to softuare.

Inplementations need not detect a Code Object Bounds Violation on
sequential instruction execution (instructions other than BR, BRX,
CALL, CALLX, SEXIT, EXIT, IEXIT). It is the responsibility of
operating system software to guarantee that software cannot "run
out of theend of a code object". For example, code objects can
be padded with BREAK instructions. If P is incremented so as to
become greater than PL on sequential instruction egecution, the
effects may differ across implementations; however, these effects
will remain limited to the currently executing task.

Mnemonic: CODEBNDSV
Parameters: 1, Pcurrent

2, trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.7.2 Code ODT Length Violation

This trap is detected for the instructions BRX, CALLX, and EXIT.
It occurs when an attempt is made to transfer control to an object
that does not erist; i.e., the object number is greater than the
number of entries in the ODT of the group selected by the group
selector in the target logical address.

Mnemonic: CODEODTV
Parameters; 1, Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled
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7.6.7.3 Code Object Type Violation

This trap is detected for instructions BRX, CALLX, EXIT and IEXIT
vhen an attempt is made to transfer control to an object that is
not a code object.

Mnemonic: CODETYPV
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.7.4 Code Privilege Level (Ring) Violation

This trap is caused for the following cases:

1) This trap is caused in the EXIT instruction when an attempt
is made to exit to a privilege level which is more privileged
than the processor’s current privilege level (contained in
the STATUSB register).

2) This trap is detected for BRX and CALLX when an attempt is
made to transfer control to a target code object whose
“prerequisite privilege level’ is more privileged than the
current privilege level. The “prerequisite privilege level’
of a procedure entry point is contained in the OD of the
target object describing the procedure entry point.

Mnemonic: CODERINGV
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled
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7.6.8 Instruction Traps

7.6.8.1 Privileged Instruction Violation

This trap is caused when an attempt is made to execute an instruction
at a privilege level vhich is less privileged than that required by
the instruction,

Mnemonic: INSPRIV
Parameters: 1. Pcurrent
2. trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.8.2 Error Instruction

This trap is caused by executing the ERROR instruction. This is
likely to occur when an error causes P to point to data instead of
code, i.e., trying to execute data.

Mnemonic: INSERROR
Parameters: ‘1, Pcurrent

2. trap #
Trap Type: - continuable
Enabling: permanently enabled

7.6.8.3 CHECKLO Violation

This trap is caused when, for the instruction CHECKLO, the first
operand is smaller than the second operand.

Mnemonic: INSCHKLO
Parameters: 1. Pcurrent

2. trap #
Trap Type: continuable
Enabling: permanently enabled
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7.6.8.4 CHECKHI Violation

This trap is caused when, for the instruction CHECKHI, the first
operand is larger than the second operand.

Mnemonic: INSCHKHI
Parameters: 1. Pcurrent

2, trap #
Trap Type: continuable
Enabling: permanently enabled

7.6.8.5 Undefined Instruction
This trap is caused for all opcodes that are not defined as part of
the VISION architecture,

Mnenonic: INSUNDEF
Parameters: 1. Pcurrent

2. trap #
Trap Type: continuable
Enabling: permanently enabled

7.6.8.6 Exit Threshold Trap

This trap is caused when the current execution privilege level is
reduced to a level that is less privileged than the level in the
Y¥TL’> field in STATUSB,

Mnemonic: INSXTL
Parameters: 1. Pcurrent
2. trap #
Trap Type: continuable
Enabling: permanently enabled
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7.6.8.7 Misaligned Program Counter

This trap occurs when the return address in EXIT, SEXIT or IEXIT
is not even, so that P would not be on a half-word boundary.

NOTE: This condition may not cause a trap in all implementations;
instead, implementations may force P[63]:=0 and continue.

Mnemonic: INSODDP
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.8.8 Probe Violation
This trap is caused for instruction PROBE, when the value of the
first operand and/or that of the second operand is/are illegal.

Mnemonic: INSPROBE
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.8.9 Operand Specifier Violation

This trap is caused when an operand specifier in an instruction is
incompatible with the operand attribute expected by the opcode,
Example: an operand specifier specifying a literal as a destination
in a MOVE instruction,

Mnemonic: INSOPSPEC
Parameters: 1. Pcurrent
2. Trap #

Trap Type: non-recoverable
Enabling: permanently enabled
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7.6.8,10 Move Special Violation

This trap is caused for the instructions, MOVEfSP4, MOVEfSP8,

MOVEtSP4, and MOVEtSP8, when the value of the selector is illegal
and/or when the current privilege level of the processor does not
match the required privilege level for that value of the selector.

Mnemonic: INSMOVSPL
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enhabled

7.6.8,11 Switch Violation
This trap is detected by all variants of SWITCH when the execution
enviromment does not allow a task switch.

Mnemonic: INSSUITCH
Parameters: 1. Pcurrent

2, trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.8.12 VP permission control

This trap is detected by all vector instructions when a vector
operation is decoded and the vector permission bits (STATUSB.VPP)
are zero, That is, the current status does not allow access to the
vector ingtructions because the software enviromment (vector context
save area) has not been initialized.

Mnemonic: INSVPPERM
Parameters: 1. Pcurrent
2., trap #
Trap Type: restartable
Enabling: individually enabled
(STATUSB1,VPP)
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7.6.8.13 Vector Operation on the ICS

This trap occurs when a vector operation is attempted that uses vector
registers while egecuting on the ICS,

Mnemonic: INSVPICS
Parameters: 1, Pcurrent

2. trap #
Trap Type: non-recoverable
Enabling: permanently enabled

7.6.9 Stack Traps

7.6.9.1 Stack Consistency Violation

The instruction EXIT is used to restore the caller’s envirorment.
The registers S, Q are changed to point to new memory locations on
exgecuting the EXIT instruction. Prior to executing the EXIT instruc-
tion, checks are made to ensure that the registers SB, Q, S, and SL
at the end of executing the EXIT instruction would still maintain
the following stack consistency relationship:

SB =¢ Q =< S =¢ SL

The Stack Consistency Violation trap is taken when this relationship
is violated. The IEXIT instruction includes the same checks,

Mnemonic: STKCONSISTV
Parameters: 1, Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.9.2 Stack Overflow

This trap is caused when attempting to execute an instruction that
will result in S pointing at or beyond SL. Note: processing of
the trap condition follows the sequence of events for internal
interrupts. The trap handler is executed on the ICS. Uhen this
exception is detected, S is set according to the following rules:
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1) If the offending instruction is ’restartable’ (see below), the
is restored to its value prior to the offending instruction.

2) If the offending instruction is one for which this trap is
’step restartable’, S is restored to its value prior to the
offending instruction step.

In either of the above cases, S is rolled back to the appropriate
position so that the offending instruction can be appropriately
’restarted’ or ’step restarted’. Then the interrupt marker is
pushed onto the stack according to the rules given in section 7.xx
(TOS page faults). The overflow part of the marker will go on the
ICS. At the end of this sequence, S[32..63] in the TCB will point
to where it would have pointed had the entire interrupt marker been
pushed onto the user’s stack.

Mnemonic: STKOVE
Parameters: 1., Pcurrent
2. trap #
Trap Types: step restartable for instruction DUP
restartable for other offending instructions
Enabling: permanently enabled

7.6.9.3 Stack Underflou

This trap is caused when an attempt is made to move S below Q
(i.e. attempt to violate Q[32..63] <= S[32..63])

Mnemonic: STKUNF
Parameters: 1. Pcurrent
2. trap #

Trap Type: restartable
Enabling: permanently enabled

7.6.9.4 Delete/Extend Negative Wordcount

The trap is caused when, for instructions DELEIE and EXTEND, the
wordcount given is negative,

Mnemonic: STKDEXTV
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled

7-43

VISION ARCHITECTURE CONTROL DOCUMENT 07/31
DO NOT COPY -~ HP PRIVATE INFORMATION

7.6.10 Data Object Traps

For data traps the following terminology is used:

1) An egglict operand is an operand whose logical address is
specified by an operand specifier of the instruction.

2) A data access is non-explicit when its logical address is
not directly specified by an operand specifier. The logical
address of a non-explicit operand is either specified indirectly
by an explict operand (as in VGATHt, VSCATt) or is obtained
obtained by modifying/indexing the logical address of an
explicit operand (as in MOVEC).

3) The Virtual Address of a byte of any operand is computed
according to the algorithms in chapter 3.

7.6.10.1 Data Object Bounds Violation

This trap is caused when the computed (effective) virtual offset
for an operand (explicit or implicit) is less than the Lower Bound
LB in the OD for the object or the computed virtual offset is
greater than the Upper Bound UB minus the size of the data item.

Mnemonic: DATABNDSV

Parameters: 1. Offending logical address (64 bits)
2. Pcurrent
3, trap #

Trap Type: restartable

Enabling: permanently enabled

7.6.10.2 Data ODT Length Violation

This trap is caused when a data access uses a logical address with
with an object number greater than the mumber of entries contained
in the ODT for the selected group.

Mnemonic: DATAODTV

Parameters: 1, Offending logical address (64 bits)
2. Pcurrent
3. trap #

Trap Types: non-recoverable for instructions that modify the
most significant 32 bits of a base register,
restartable for IEXIT

Enabling: permanently enabled
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7.6.10.3 Data Object Type Violation

This trap is caused when an attempt is made to access, through a ".u"
or ".ru" attribute, an object that is not a native mode data object.

Mnemonic: DATATYPV

Parameters: 1., Offending logical address
2. Pcurrent
3. trap #

Trap Type: restartable

Enabling: permanently enabled

7.6.10.4 Data Access Rights Violation

This trap is detected when an attempt is made to access an object
while running less privileged than required by the access rights
field in the OD for the object.

Mnemonic: DATAARV

Parameters: 1. Offending logical address (64 bits)
2. Pcurrent
3. trap #

Trap Type: restartable

Enabling: permanently enabled

7.6.11 Floating Point Traps

These traps are detected for Floating Point operations. Their
implementation is in accordance with IEEE Floating Point Standard.
(Refer to "A Proposed Standard for Binary Floating Point Arithmetic”
draft 9.3.3 of IEEE task P754.) Each trap can be individually
enabled or disabled with the appropriate bit in STATUSB., When the
trap condition is detected, the destination operand is set according
to the following rules:

1) If the trap is enabled, then the contents of the destination
operand are not changed (i.e., remain the same as prior to
executing the offending instruction).

2) If the trap is disabled, then the contents of the destination
operand are set as specified in the IEEE standards.

7-45

VISION ARCHITECTURE CONTROL DOCUMENT 07/31
DO NOT COPY -- HP PRIVATE INFORMATION .

7.6,11.1 Floating Point Invalid Operation

This trap is caused for Floating Point Invalid Operations as defined
in IEEE Floating Point Standard. The operand(s) of the offending
instruction is (are) pushed.

Mnemonic: FL-INV
Parameters: 1. Operandl
(2. Operand2)
3. Pcurrent
4, Trap #
Trap Type: continuable
Enabling: individually enabled
(STATUSB2.FLINVE)

7.6.11.2 Floating Point Divide By Zero

This trap is caused when the divisor in a floating divide is zero.
The operands are pushed.

Mnemonic: FL-DVDZ
Parameters: 1. Operandl
2. Operand2
3. Pcurrent
4, Trap #
Trap Type: continuable
Enabling: individually enabled
(STATUSB2, FLDVDZE)

7.6.11.3 Floating Point Overflow

This trap is caused when the magnitude of the result of a floating
point arittmetic operation is greater than the largest representable
floating point value in the indicated precision. The unrounded
urapped result is pushed., The round status is 0 for ROUND=0 and
STICKY=0, 1 for ROUND=0 and STICKY=1, 2 for ROUND=1 and STICKY=0, and
3 for ROUND=1 and STICKY=1,

Mnemonic: FL-OVF
Parameters: 1. Urapped result
2. Round status
3. Pcurrent
4, trap #
Trap Type: contimuable
Enabling: individually enabled
(STATUSB2. FLOVEE)
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7.6.11.4 Floating Point Underflow

This trap is caused for Floating Point Underflouw as defined in IEEE
Floating Point Standard. The wrapped result and round status are
computed as they are in the overflow case.

Mnemonic: FL-UNF
Parameters: 1. Wrapped result
2. Round status
3. Pcurrent
4. trap #
Trap Type: contimuable
Enabling: individually enabled
(STATUSB2, FLUNFE)

7.6.11.5 Floating Point Inexact Result

This trap is caused when the result of a floating point operation is
inexact as defined by the IEEE Floating Point Standard. The result

pushed is the rounded or overflowed result. The Round status is as

in overflow and underflow,

Mnemonic: FL-INX

Parameters: 1. Rounded or Overflowed result
2. Round status
3. Pcurrent

4, Trap #
Trap Type: continuable
Enabling: individually enabled

(STATUSB2. FLINXE)
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7.6.12 Integer Traps

7.6.12.1 Fixed Point Divide By Zero

This trap is caused when an attempt is made to divide an integer by
zero. Uhen divide by zero is detected, the destination is unchanged.

Mnemonic: INTDVDZ
Parameters: 1. Pcurrent

2. trap #
Trap Type: continuable
Enabling: individually enabled

(STATUSB2, INTDVDZE)

7.6.12.2 Fixed Point Overflow

This trap is caused when the result value is outside the allowable
range of integer values for the destination operand. On overflow in
ADDt, SUBt, NEGt, ABSt, ASLt, and MPYt, the lower t bytes of the
result is returned. For CONVERT the largest positive integer if the
source was positive and the largest negative integer if the source was
negative is returned,

Mnenonic: INTOVF
Parameters: 1. Pcurrent
2. trap #
Trap Type: continuable
Enabling: individually enabled
(STATUSB2, INTOVFE)
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7.6.13 Decimal Traps

7.6.13.1 Decimal Divide By Zero

This trap is detected when the divisor is zero in a decimal divide.
Uhen the divide by zero is detected, the destination operand is not
changed.

Mnenmonic: DECDVDZ
Parameters:; 1. Pcurrent

2. trap #
Trap Type: continuable
Enabling: individually enabled

(STATUSB2., DECDVDZE)

7.6.13.2 Decimal Overflow

This trap is detected for decimal operations when the result is larger
than can fit in the destination operand. Uhen the overflow is
detected, the destination is affected in the following ways:

1) If the trap is enabled, the destination operand is not changed.

2) If the trap is disabled, the result is stored left truncated into
the destination operand,

Mnemonic: DECOVF
Parameters; 1. Pcurrent

2. trap #
Trap Type: continuable
Enabling: individually enabled

{STATUSB2, DECOVFE)

7.6.13.3 Decimal Invalid Length
This trap is detected when the value of the length operand is either
less than zero or greater than 31.

Mnemonic: DECINVL
Parameters: 1. Pcurrent

2. trap #
Trap Type: restartable
Enabling: permanently enabled
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7.6.13.4 Invalid Decimal Digit

This trap is detected for some decimal operations when an invalid
decimal digit is found. See the description of each decimal instruc-
tion listed below for a list of which characters/digits are invalid
for that instruction.

Mnemonic: DECINVDG
Parameters: 1. Pcurrent
2. trap #

Trap Type: restartable
Enabling: permanently enabled

7.6.14 Debug Trap Conditions

7.6.14.1 Break Instruction

This trap is caused when executing the BREAK instruction.

Mnemonic: DBBRKINS
Parameters: 1, Operand

2. Pcurrent

3. trap #
Trap Type: continuable
Enabling: permanently enabled

7.6.14.2 Procedure Trace Trap

This trap is caused at the start of BRX, CALL, or CALLX instructions
when the PIE bit in STATUSB is found set,

Mnemonic: DBCALL
Parameters: 1. Pcurrent

2. trap #
Trap Type: step continuable
Enabling; individually enabled

(STATUSB1.PTE)
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7.6.14.3 CHECKA Instruction

This trap is caused when executing the CHECKA instruction if the bit
CBA in STATUSB register is set.

Mnemonic: DBCHECKA

Parameters: 1. Instruction operand
2. Pcurrent
3. trap #

Trap Type: contimuable

Enabling: individually enabled
(STATUSB.CB.CBA)

7.6.14.4 CHECKB Instruction

This trap is caused when executing the CHECKB instruction if the bit
CBB in STATUSB register is set.

Mnemonic: DBCHECKB

Parameters: 1. Instruction operand
2. Pcurrent
3. trap #

Trap Type: contimuable

Enabling: individually enabled
(STATUSB.CB.CBB)

7.6.14.5 8ingle Instruction Trace

This trap is caused at the end of executing an instruction when the
single instruction trace bit (SIT} in the STATUSA register is found
set,

The SIT bit is aluays cleared as part of trap initiation, Softuware
must explicitly reenable the single instruction trace by setting

the SIT value to one in the stack marker in order to continue single
instruction execution.

Mnemonic: DBSIT
Parameters: 1., Pcurrent
2. trap #
Trap Type: contiruable
Enabling: individually enabled
(STATUSA.SIT)

7-51

VISION ARCHITECTURE CONTROL DOCUMENT 07/31
DO NOT COPY -- HP PRIVATE INFORMATION

7.6.15 Semaphore Traps

7.6.15.1 Semaphore Overflouw

This trap is caused for the instructions UP, DOUN, and TESTDOUN when
incrementing or decrementing the 31-bit semaphore value causes a
31-bit overflow.

Mnemonic: SEMAOVE

Parameters: 1. Logical address of the first operand (semaphore)

2. Pcurrent .

3. Trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.15.2 Douwn Semaphore

This trap is caused for the instruction DOUN, when decrementing the
31-bit 2’s complement semaphore value of the operand causes it to
drop below zero, ’

Mnemonic: SEMADOUN

Parameters: 1. Logical address of the operand (semaphore)
2. Pcurrent
3. trap #

Trap Type: contirnuable

Enabling: permanently enabled

7.6.15.3 Up Semaphore

This trap is caused for the instruction UP, when incrementing the
31-bit 2’s complement semaphore value of the operand leaves it at
or below zero.

Mnemonic: SEMAUP

Parameters: 1. Logical address of the operand (semaphore)
2. Pcurrent
3. trap #

Trap Type: continuable

Enabling: permanently enabled
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7.6.16 Vision Mode Switch

This trap is the entry point for a switch from HP3000 mode to
Vision mode. See section 10.5.1.2 for details,

Mnemonic: SYITCHN
Parameters: 1, trap #
2. Pcurrent
Trap Type: contimnuable
Enabling: permanently enabled

7.6.17 TRY/UNTRY Traps

7.6.17.1 TRY or UNTRY Violation

This trap is caused for an illegal TRY or UNTRY instruction.
This will happen if TRY or UNIRY is used on the ICS.

Mnemonic: TRYV
Parameters: 1. TRYoffset
2. Pcurrent

3. trap #
Trap Type: restartable
Enabling: permanently enabled

7.6.18 Virtual Addressing Traps

7.6.18.1 PDINSERT Inconsistent Page Number

This trap is caused for the instruction PDINSERT when the physical
page number provided by the instruction does not equal the
physical page number contained in the corresponding PDIR entry.

Mnemonic: ADRPDIR
Parameters: 1, Physical Page number in PDIR
2. Pcurrent

3. trap #
Trap Type: restartable
Enabling: permanently enabled
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7.6.13 Page Absent Traps

7.6.19,1 Page Absent

This trap is caused when a page containing the byte being accessed is
not present in physical memory, This trap is used for all absent )
pages except the page on top of the stack; the ADRPAGETOS fault is
used for that. ADRPAGEABS is in all respects, including handling

of parameters, a normal trap.

Mnemonic: ADRPAGEABS

Parameters: 1. Byte Offset (POFF)
2. Virtual Page Number (VPN)
3. Logical Address (La)
4. Pcurrent
5. trap #

Trap Type: restartable

Enabling: permanently enabled

7.6.19.2 Top of Stack Page Absent

This trap is caused when the top of stack page is referenced and is
not present in physical memory.

This trap is very special in that all other traps use the current
stack to push a marker. The sequence of events for internal
interrupts is therefore used. The top of stack page absent handler
executes on the interrupt control stack.

More information can be found in section 7.7.

Mnemonic: ADRPAGETQS

Parameters: {0. Overflow Information}
1. Byte Offset (POFF)
2. Virtual Page Number . (VPN)
3. Logical Address of S (L&)
4. Pcurrent
5. trap #

Trap Type; restartable

Enabling: permanently enabled
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7.7 Top of Stack Page Faults

All stack objects, except the interrupt control stack, are paged
objects, Some activities involve pushing information onto the
stack, including:

1) an instruction explicitly references the stack as an
operand; e.g. PUSH, CALL and SWITCH for the Vision mode
stack and many instructions for the HP3000 mode stack,

2) an instruction encounters a page absent condition and the
intermediate state information for the instruction must be
put on the stack. The instruction in progress (IIP) bit
described in chapter 4 refers to this case.

3) an instruction erecution results in some conditions that
are handled as user traps. In this case the instruction
pushes stack markers as vell as parameters for these
conditions onto the stack.

4) a condition such as an external interrupt causes a transfer
of control from the user’s stack onto the interrupt control
stack. In this case an interrupt marker is pushed onto
the stack.

However, two obstacles could prevent information from being
pushed onto the stack:

1) the page containing the byte pointed to by S is not present
in physical memory (ADRPAGETOS)

2) the logical offset S[32..63] attains the length of the stack
object (UB-LB). This is the stack overflow condition
(STKOVE).

In either case the information normally saved on the stack must
be saved in a different location., The VISION architecture
specifies the Interrupt Control Stack of the executing processor
as the location to store the context when the stack page absgent
condition is detected. In general, the information to be saved
can be divided into two parts. The illustration on the next
page shows this:
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temporary information
for the resumption of
execution of the
instruction

interrupt stack marker

o —————
—— —_

The VISION architecture does not define at which point during an
instruction a top of stack page absent condition is detected.

That is, if during pushing any information onto the stack the page
absent condition is detected, implementations are free to place
any part of the above information onto the user’s stack at S or
onto the Interrupt Control Stack. In particular, implementations
are free to push all the above information onto the ICS when it
detects that not all of it fits onto the user’s stack.

VISION specifies the following to be the same for all harduare
inplementations:

1) The value of S stored in the ICB is the same independent
of where the information is actually saved, In all cases
the S value is updated as though the information were
placed on the user’s stack.

2) The amount of overflow information pushed onto the Interrupt
Control Stack can be computed as follows: subtract from the
value of S (pointing into the Interrupt Control Stack) the
value of QI, and further subtract the length of the argument
list of the page fault trap handler.

3

—

This information must be moved immediately by software from
the Interrupt Control Stack to some memory resident area so
that the handler can IEXIT from the ICS. The move can be
accomplished by a MOVEC instruction using the following
operands:

ARGLEN: length of argument list for trap handler {32 bytes)
SRC: starting address of source information (=QI)
RES: starting address of some resident destination area

big enough to receive the information
L: length of move, computed as: S-QI-ARGLEN

MOVEC 1L, SRC, RES
After the page(s) missing from the user’s stack have been
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brought into physical memory, the information can be moved
from the memory resident page to the user’s stack by MOVEC
using these operands:

RES: address of the memory resdient page

DST: destination area, computed as the S value in the
TCB minus (Si-QI-LA) where Si is the value of S
(pointing into the ICS) on entry to the trap handler

L: same as above

MOVEC L, RES, DST
After this move has completed, the user’s stack will appear
as though the absent page condition had never occurred,
For all of the user’s stack markers that were pushed onto

the ICS, the value of the Qold[32..63] in the stack marker
is relative to the user’s stack and not the ICS. In other

words, those markers are treated as raw data; they must

never be used in EXIT or IEXIT when still on the ICS.

Three cases are sketched with respect to the saving of information.
The following notation is used in these exramples:

Pre
Abs

St
TEMP

M
si

indicates a page boundary

indicates the boundary value of the base register
indicates a virtual page present in physical memory
indicates a virtual page absent from physical memory
indicates the value of S stored in the ICB after the
interrupt marker is pushed

temporary information left on the stack as part of the
execution of the previous instruction

denotes the Interrupt Marker

indicates the value of S after entry to the trap handler
{points into the ICS)
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Case 1 -- The stack pages are present in memory.

Page Stack

Status Object
| |
Pre/Abs | |
| |
= - = = ¥
Q==>| |
Pre | |
| |
= - - - &
| |
Pre S==>|====z====|
| |
B s
| |
Pre | |
| |
- - = -+
| |

BEFORE
INTERRUPT
MARKER

Stack ICS
Object 4mmmmmeme +
bomem———— + | disp. |
| | | marker |
| | -
| | QI=>] parms |
- - - - |for trapl
| | | handler]
| l Si==)+=s==3====4
| | | ]
- - - - 4 = - - - 4
| | | ]
'========I
| TEMP |
L |
| INFO |
P
| M !
L
St=>| |
AFTER
INTERRUPT
MARKER

07/31

Note that in this case the information to restart the interrupted

instruction and the task’s interrupt marker fit onto resident
pages in the task’s stack and the only information pushed onto

the ICS is parameters for the page fault handler.
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Case 2 -- The current S page is present but the next virtual page
is absent. In this case the architecture does not
define how much information is pushed onto the current
S page before information is pushed onto the ICS, This
results in the possibility of the information being
saved in two parts as shoun below,

Case 24 -- part of the information is pushed onto the user’s stack
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Cage 2B -- The current S page is absent.

bothwhen the following page

This case includes

is present or absent.

Page Stack . Stack ICS
Status Object Object o mm e +
+ + tmm————— + | disp. |
| | ] | | marker |
Pre/AbS l l I I - - = 4
| | | | Ql=>| TEMP |
b Ll 4 | INFO |
Q==>| | | | | |
Pre | | | | bbbt
] | | | - - - ¥
- - - -+ - - - -+ | M |
S==>|=s==z=2x| J—— [JR—
Abs | | [ | 8i=»] ]
] | | ] - - -4
b - = = - - - - 4 | 1
| | [======z=|
Pre/Abs } } st=>] |
BEFORE AFTER
INTERRUPT INTERRUPT
MARKER MARKER

Page Stack Stack ICs
Status Object Object O, +
+ + Hmmmmmm e + | disp. |
| | | | | marker |
Pre/Abs | | | i —— - - 4
I ! | | QI=>] part 2 |
- i | of IM |
Q==>| | | | | ]
Pre | | f I - - - -
| | ! | | parms |
- - - -4 - - - =+ | for trapl
S==>|= ==| |=======s] | handler]
Pre I | | part 1 | - - = 4
| | | of IM | 8i=>| |
d= = - = = = = - +
| | 1/7/7/1171
Abs | | 4=======z=4
| | St=>} |
+= - - =+ - - - -
| | | I
BEFORE AFTER
INTERRUPT INTERRUPT
MARKER MARKER

The stack page fault handler gets control after the interrupt
marker part 2 has been pushed onto the ICS. The size of part
2 can be determined from calculating Si-QI-LA at the entry to
the page fault handler.
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In this case all of the information is pushed onto the ICS.
As in Case 2A the amount of information on the ICS can be
computed from (Si-Qi-LA) at entry to the page fault handler
on the ICS.
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7.8 ICS Mechanism

The Interrupt Control Stack (ICS) is a fixed size, memory resident
structure, The location of the ICS is kept in a processor register,
This location can only be changed through the MOVEtSP8 instruction.

All Vision mode external and internal interrupts execute on the
ICS. A few Vision mode traps, such as Page Absent, Top of Stack
Page Absent and Stack overflow, also execute on the ICS. The
remaining traps are handled on the current task’s stack.

All HP3000 mode internal interrupts as well as HP3000 mode page
fault traps and stack overflouw traps are directed to the Vision
mode enviromment to execute on the ICS. The rest of the HP3000
node traps are handled on the task’s HP3000 mode stack.

(See the Architectural Control Document for HP3000 Mode for a
list of the traps supported on VISION,)

The dispatcher also executes on the ICS. There is a special stack
marker permanently located at the bottom of the ICS, knoun as the
dispatcher marker. It contains the information necessary to locate
the dispatcher code and begin execution of the dispatcher,

Uhile executing on the ICS, the ICS flag in STATUSC is set, The
flag is set when the ICS erviromment is established for executing
the dispatcher or an interrupt service routine. It is cleared by
the Interrupt Exit Instruction (IEXIT) when it determines that the
erit is to a procedure that does not execute on the ICS. The
STATUSC.ICS flag is not directly accessible by any instruction,

There is a separate ICS for each processor in a shared-memory multi-
processor configuration.
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INPUT/OUTPUT DATA STRUCTURES CHAPTER 8

$ ——— 4
———

b o — +

This chapter will eventually describe the data structures that
must be understood jointly by processor hardware and by 1/0
harduare,
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SYSTEM INITIALIZATION CHAPTER §

4 ————
——— %
b o———

9.1 Virtual Object Initialization

Virtual address space is organized as 2732 virtual objects
of 2732 bytes each (see section 2.2).

Virtual Objects 1 through 5 are reserved for special

areas vhich are allocated in physical memory and mapped into

virtual gpace during system initialization.

Virtual Object

0 {reserved)

1 syscoM The System Communications Area

2 (reserved)

3 HASH The Hash Table

4 PDIR The Physical Page Directory

5 PMEBUF The Primary Macro Envirorment Buffer

9.2 The System Communications Area

The System Communications Area (SYSCOM) is a memory resident
buffer used by hardware and for communications with the Control
Support Processor (CSP), if available.

SYSCOM is page aligned in virtual space as virtual object 1.

The SYSCOM.LENGTH field {+!00) records the total length in bytes
of SYSCOM. The SYSCOM buffer is organized into sections. The
number of sections is recorded in the SYSCOM.NUMBER_OF SECTIONS
field (+!04). Each section is a physically and virtually
contiguous subset of SYSCOM, and can be located through a
descriptor which defines the offset within SYSCOM to the start
of the section, and the length in bytes of the section,

Section descriptors are located by fired section numbers, The
section number ¥ 8 ig the offset in SYSCOM to the section
descriptor. Once a section is defined in SYSCOM a fixed section
number is assigned. New implementations may add sections to
SYSCOM, but they cannot remove sections.

9-1
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The System Communications Area is partitioned into at least six
main sections identified below:

1 SYSCOM.ENV_SECTION Environmental Section

2  SYSCOM.ID_SECTION Identification Section
3 SYSCOM. DIAG_SECTION Diagnostics Section

4  SYSCOM.HARD_SECTION Haruare Reserved Section
5 SYSCOM. LOAD_SECTION Load Section

6  SYSCOM.DUMP_SECTION Dump Section

To locate the hardware reserved section of SYSCOM, for example,
multiply section number 3 * 8 bytes = 118 bytes offset to the
section descriptor.

The System Communications Area

| | SYSCOM.LENGTH (4) | +100

| | syscoM.NUMBER_OF_SECTIONS (4) | +to4
| + +

| 1 | SYSCOM.ENV_SECTION.OFFSET (4) | +i08

! | SYSCOM.ENV_SECTION. LENGIH (4) | +toc
| + +

| 2 | SYSCOM.ID SECTION.OFFSET (4) | +t20

| | SYSCOM.ID_SECTION.LENGTH (4) | +114
| + - +

+-> 3 | SYSCOM.HARD SECTION.OFFSET (4) | +i18

| SYSCOM.HARD_SECTION. LENGTH (4) | +11C

4 | sYSCOM.DIAG SECTION.OFFSET (4) | +120

| SYSCOM.DIAG_SECTION.LENGTH (4) | +124

5 | SYSCOM.LOAD SECTION,OFFSET (4) | +i28

| SYSCOM.LOAD SECTION,LENGIH (4) | +l2C

6 | SYSCOM.DUMP_SECTION.OFFSET (4) 1 +130

| SYSCOM.DUMP_SECTION.LENGTH (4) | +t34

9.2.1 The Enviromment Section of SYSCOM

The Envirorment Section of SYSCOM is defined as section mumber 1
of SYSCOM and can be located through the section descriptor
found at an offset of +!08 bytes into SYSCOM.

9-2
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SYSCOM. ENV_SECTION

Number of Processors (4) +100
Number of Physical Pages (4) +104
Max CSP error log {bytes) (4) +108
Max CSP message log (bytes) (4) +10C
Max CSP display message (bytes) (4) +110

o e e e e 4
o ————— e 4

bytes

9.2.2 The Identification Section of SYSCOM

The Identification Section of SYSCOM is defined as section
number 2 of SYSCOM and can be located through the section
descriptor found at an offset of +!10 bytes into SYSCOM.

SYSCOM. ID_SECTION

| |
| |
| Firmware ID (8) | +1o00
| Firmware Version (8) | +108
| CsP ID (8) | +110
| CSP Version (8) | +i18
| CSP Software 1D (8) 1 +t20
| CSP Software Vergion (8) | +i28
| HPE Software 1D (8) 1 +130
| HPE Software Version (8) | +i38
2 Software ID Object.LA (8) : +140
bytes |
|
Offset in Identification Section --------- +

9-3
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9.2.3 The Harduare Reserved Section of SYSCOM

The Hardware Reserved Section of SYSCOM is defined as section
number 3 of SYSCOM and can be located through the section
descriptor found at an offset of +!18 bytes into SYSCOM.

+

| SYSCOM.HARD SECTION

|
|
| CSP-area.OFFSET (4) | +100
| CSP-area.LENGTH (4) | +lo4
| !
bytes |
|
Offset in Hard_section of SYSCOM  ------- +

9.2.4 The Diagnostics Section

The Diagnostics Section of SYSCOM is defined as section rnumber 4

of SYSCOM and can be located through the section descriptor
found at an offset of +120 bytes into SYSCOM.

| SYSCOM.DIAG_SECTION
!

b o——

9.2.5 The Load Section of SYSCOM

The Load Section of SYSCOM is defined as section number 5
of SYSCOM and can be located through the section descriptor
found at an offset of +!28 bytes into SYSCOM.

SYSCOM. LOAD_SECTION

Load Option

Load Device Specification
Load Parameters

Dump Option

Dump Device Specification
Dump Parameters

b o e o e e e . s e
§ e e e e e e
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9.2.6 The Dump Section of SYSCOM

The Dump. Section of SYSCOM is defined as section number 6 of
SYSCOM and can be located through the section descriptor found
at an offset of +!30 bytes into SYSCOM.

All Vision processors, when not running, can be made to save
their current register state into the Dump Section of SYSCOM
by means not defined in this document,

Global computer context is deposited into fiwed locations,

| SYsCoM.DuMP_SECTION {
|
| HASH,PA (4) | +l00
| HASH.LENGTH (4) | +104
| PDIR.PA (4) | +108
| PDIR.LENGTH (4) | +10C
| Group 0 Descriptor (GDO) (16) | +!10
| STATUSD (4) 1 +120
| System Breakrange Descriptor (16) | +i24
| Time of Century Clock (8 | +134
| syscoM.pa (4) | +i3C
| Implementation Dependent,OFFSET (4) | +!40
| Implementation Dependent.LENGTH (4) | +!44
| Processor Arch Record.QOFFSET (4) | +148
| Processor Arch Record.LENGTH (4) | +i4C
bytes |
|
Offset in Dump Section of SYSCOM  ------ +

The Dump Section also contains space for a processor
architectural dump record for each processor in the computer.
The first processor record can be located through the offset and
length pair located in the dump section (+i44), Additional
processor records are linked together through the next processor
field in the processor record (+!D4). A length of 0 bytes is
used to indicate that no further records follow.

9-5
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Processor Architectural Record

| |

| STATUSA , (4) 1 +100
| STATUSB1 (4) | +t04
| STATUSB2 (4) | +108
| STATUSC1 (4) | +10C
| STATUSC2 (4) | +i10
| a1 . (8) | +!14
| TCB.1a (8) | +!11C
| TCBX.LA (8) | +i24
| X0 .. X15 (64) | +130
| BO .. BS (48) | +170
| Q (8) | +1a0
| s (8) | +1a8
| Program Counter (8) | +1!BO
| Task Clock (8) | +iB8
| Interval Timer (8) | +iCO
| Processor Serial Number (*) (8) | +ic8
| Processor Dependent Record.OFFSET(4) | +!CC
| Processor Dependent Record,LENGTH(4) | +iDO
| Next Processor Record.OFFSET (4) | +i1D4
| Next Procesgor Record,LENGTH (4) | +1D8

bytes |
|

Offset in Processor Architectural Record -+
(*}: if supported

Optional resident contiguous buffers for dumping implementation
dependent information can be allocated and linked to either the
global record or to any processor architectural record. A
length of 0 bytes can be used to skip this option,

9-6
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9.3 The Hash Table and Physical Page Directory

Virtual Object

<-- HASH.PA
HASH The Hash Table
(physically contiguous)

w
+ ——— 4
+ ————

——
| PDIR The Physical Page Directory
4 | (physically contiguous)

<-- PDIR.PA

b 4

During system initialization all software addressable memory is
mapped into virtual space by hardware. The size and physical
location of the hash table and the physical page directory are
committed at this point.

The hash table (HASH) must be contiguous in physical memory and
is initially mapped as virtual object 3. The size of HASH is a
function of memory size and load options,

The physical page directory (PDIR) must be contiguous in
physical memory and is initially mapped as virtual object 4.
The size of PDIR is a function of memory size,

Hardware may choose to not associate certain phyical pages with
virtual pages. The virtual page number (VPN) field in PDIR
entries will be set to 0 by convention to indicate that no virtual
page association has been made,
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9.4 The Primary Macro Enviromment Buffer

A Primary Macro Enviromment (PME) is a pre-built, bootable,
macro code image.

" The Primary Macro Environment Buffer (PMEBUF) is a pre-mapped

menory resident buffer which will be loaded with a bootable
macro code image.

Virtual Object

5 | PME
I The Primary Macro Envirorment Buffer

+ ———

PMEBUF is contiguous in virtual space and is initially mapped
as virtual object 5.

During system initialization hardware allocates a few physical
pages for SYSCOM, PDIR, and HASH as described in sections 9,2
and 9.3. Then the remaining physical pages are mapped into the
PME buffer.

In contrast to SYSCOM, PDIR and HASH, the PME buffer need not
remain resident in physical memory once softuare executes.

9-8
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4) Set the initial state of the processor such that it will
+1100 run uninterrupted at the highest privilege level. See
section 9.7 for a summary of the initial state.
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9.4,1 Loading the Primary Macro Enviromment Buffer 9.5 The Macro Code Launch
Virtual Object The following sequence of steps are taken for macro code launch,
+ 1) Allocate physical pages for PDIR, HASH, SYSCOM, and
5 | PME | PMEBUF, and map these virtual objects.
| The Primary Macro Enviromment Buffer |
| | 2) Load the PME into the PMEBUF in memory.
| PME,LENGTH (4) | +100 3) Using the PME descriptor do:
| PME Checksun (4) | +l04
| Group 0 Descriptor (GDO) (16) | +!08 Set the ODI0 registers. Now logical addressing is
| TCB.LA (8) | +118 defined.
| TCB.vA (8) | +120
| QI.LA (8) + +128 Find the logical and physical address of the TCB.
| Qr.va (8) 1 +130 :
| CST descriptor (8) | +138 Set QI to point into the ICS object.
| DST descriptor (8) t +140
| | +t48 Locate the CSTs and the DSTs.
| reserved for exgpansion |
|

| Macro Code Image

The first 256 bytes of each Primary Macro Enviromment serve as a
descriptor of the PME.

The cold load hardware then executes the algorithm described
The PME.LENGIH field (!0) defines the length of the image in under the LAUNCH instruction to initiate the launching of
bytes and can be used to ensure that the entire image will fit softuare., The task pointed to by the ICB is launched.

into the pre-mapped buffer. The PME Checksum (!4) can be used
to insure that the image has been properly loaded.

The group 0 descriptor (GDO +!08) defines the location of ODI0
within the PME. Since the PME is constructed to be loaded into
PMEBUF, GDO.VON will alvays be virtual object 5, GDO.LB must be
page aligned in virtual space. GD0.UB is equal to PME,LENGTH 1.
GDO.LON will vary from PME to PME.

The TCB.LA field {!18) contains the logical address of a
_ pre-built Task Control Block within the PME., TCB.VA (+!20)
containg the virtual address of the TCB.

The QI.LA field (+!28) contains a logical pointer to the
dispatcher marker on the Interrupt Control Stack., The QI.VA
field (+130) contains the virtual address of the dispatcher
marker.

The CST descriptor (+!38) defines the object mumber in group 0
vhere the CST starts, and the length in bytes of the CST.

The DST descriptor (+!40) defines the object number in group 0
vhere the DST starts, and the length in bytes of the DST, : :
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9.6 Initial State Summary

STATUSA

STATUSB1

STATUSB2

STATUSC1

STATUSC2

STATUSD

3

012 3 4 5 67 8 1
R e e e D e e A Do +
| IXLIsITiIIP|DBR} | | |
flzlototlodfo | || |
e mmd e m e —dened = - — = = = = = -~ - +
11 111 3

02 3 4 5 0 1 234 1
===+ + + =+t + +
] |PTE|DISP| vector|TCE|XTL| |
I lofto | o |olz3] |
11 11 1 22 33

0 34 2 3 45 9 89 01
|EPC | TE |CBA|CBB| EF | jcet |
o | 0 fololo | fof |
22 2 3 3

0 78 9 0 1
| DDC | XM| ICS|DPF|I|
| 0 ol o] olol
11 3

0 56 1
| | IMR |
| | 0 |
3

0123 1
| IDRL| REVCODE |
I |

fol

+ +
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CHAPTER 10

I
|  HP/3000 MODE
I

4 o —
—_———+

10.1 INTRODUCTION

A mode of execution is available which provides the software
architectural enviromment of the HP/3000 system. This is called
{HP/3000) COMPATIBILITY mode to distinguish it from the normal
NATIVE mode of the VISION architecture.

The complete architectural definition of Compatibility mode is
divided into two parts:

First, Chapter 10 describes the relationship between Compatibility
and Native mode architectures. The purpose is to identify the
gpecific features required of the VISION architecture to allow the
existence of Compatibility mode in a manner which does not affect
the inherent integrity of Native mode operations., Discussions
progress from a generalized overview of the Compatibility and
Native mode enviromments to the actual detail descriptions of the
manner by which System and Task control structures of Compatibility
node are implemented and managed using the VISION architecture.

Second, the addendum to the ACD titled ’HP/3000 Compatibility Mode’
continues the description of Compatibility Mode but from a different
viewpoint., It provides the complete details of Compatibility mode
from the perspective of both User and Privileged mode programmers,
The instruction sets, data structure formats, addressing modes,
traps, and envirormental concepts are described.
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10.2 ENVIRONMENTAL OVERVIEU

The two modes, Native and Compatibility, are very distinct even
though they coexist and share access to physical resources,
Instruction formats, data formats, and addressing modes are
different. In particular, the Native mode architecture supports
arbitrary byte aligrment, a very large address space, and a nominal
four-byte word size, while the Compatibility mode architecture
requires word aligmment, has amoderate size address space, and
uses a two-byte word size.

The differences are so extensive that each mode is considered to be
an independent architectural model designed to support and execute
User programs in a particular manner. This results in the task
{process) model being different in each mode. To switch erecution
from one mode to the other is conceptually equivalent to a process
suitch.

The primary objective of Compatibility mode is to provide an
execution enviromment for User mode programs identical to that on the
HP/3000 system. A secondary objective is to provide an execution
enviromment for Privileged mode code subject to the condition that
there is guaranteed protection against Native mode structures being
accessed directly from Compatability mode code. To achieve this
level of security could mean that the privileged mode set of
instructions available in Compatibility mode are a subset of that

in the HP/3000 system. These objectives are accommodated as follows:

On HP/3000 system tuo types of addressing are provided:

* Addressing into segmented code and data structures is the most
common form. In User mode it is the only type and is fully
bounds checked. In Privileged mode it is not always bounds
checked. -

¥ Absolute addressing is allowed only in Privileged mode with
absolutely (!) no checks,

Compatibility mode provides both types of addressing but does so
with full protection against unwarranted access into Native mode
by encapsulating the Compatibility mode envirorment (address space)
using the Native mode ODT structures, The formats of Compatibility
mode ODT descriptors are identical to Native mode ODT formats.
Congider the two addressing types:
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* Segment adddressing - all code and data segments are Native
objects. The ODT entry contains a type field which specifies
certain Compatibility segment types. The management of these
ODTs (CST and DST) is done by Native mode code and (trusted)
microcode only, Compatibility code accesses the CST and DST
only through microcode, never directly.

* Absolute addressing - emulated using a special Native object
accessible through microcode. Viewed by Native mode it is a
logical address space. To Compatibility privileged users it
still looks like the “real’ absolute memory, There is no
correspondence between the absolute addresses used by 3000
Compatibility mode and the real main memory addresses.

So now, instructions can be erecuted safely, but how are the
Native task and Compatibility process envirorments related?
Within a logical task domain, there may exist the need to execute
in both erecution modes(in a serial manner, not in parallel),

In such a case, two physical tasks/processes are apparent, one
for each mode having unique code and data {stack includedi
structures. The common shareable element is the single Hardware
Task Control Block (TCB). Suitch mode instructions are provided

in both modes to allow an environment switch to occur to the

other mode., Even though execution switches back and forth between
modes, each mode in execution is still an instance of executing a
single logical task. There is one Dispatcher and one Interrupt
Control Stack (ICS) in the architecture which exist only in Native
mode and it is capable of launching either task into the appropriate
mode.

Launching a task/process into Compatibility mode means establishing
the Registers which are specifically used by the Compatibility
instruction sets, The precise mode of execution is determined at
any time by the XM field of the STATUSC register,

STATUSC. XM
STATUSC. X

= 0 Native mode

=1 Compatibility mode

In sumnary, Compatibility mode is completely and safely emulated
under Native architectural control to provide an envirorment for
Compatibility mode Users which is almost an exact replica of the
HP/3000 envirorment. Certainly, normal (User mode) users do not
notice any difference.
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10.3 SYSTEM CONTROL STRUCTURES

The following Native mode data structures are required to manage
and control Code segments, Data segments, and Absolute memory for
Compatibility mode operations;

* (ST - Code Segment Table

* DST -~ Data Segment Table

* ABS - Absolute Memory Object
These basic tables cannot be accessed directly by Compatibility

mode Users, they are only accessed by hardware to execute the
appropriate instructions,

10.3.1 CST - Code Segment Table

The CST is a contiguous block of entries in the ODT for group 0,
The ODT entries are of type 4 or 5 *HP3000 mode code object?’.

A CST rmumber from Compatibility mode is converted into the
appropriate ODT entry by locating the base of the CST block in ODT
(group 0) and indexing through the ODT entries using the CST number.

The Base and Length of the CST are defined at system initialization
time and passed to the microcode using the MOVEtSP8 instruction.

Base - 29 bit object number pointing to the entry in the ODT
for group 0 corresponding to CST 0.

Length - 32 bit integer specifying the length of the CST in bytes
(0<=Length<=192%16), A zero Length implies the absence
of a CST.
They are now protected in dedicated memory from unwarranted softuware
access. Microcode uses them to locate the CST and perform bounds
checking on the CST ‘index. The legal range of the CST index is:
1 <= CST index <= 191

An explicit reference to CST 0 will cause a ’CST Violation’ trap
to occur,
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10.3.2 DST - Data Segment Table

The DST is a contiguous block of entries in the ODT for group 0.
The ODT entries are of type 3 ’Data’ object.

A DST rumber from Compatibility mode is converted into the
appropriate ODT entry by locating the base of the DST block in ODT
(group 0) and indexing through the ODT entries using the DST number.

The Base and Length of the DST are defined at system initialization
time and passed to hardware using the MOVEtSP8 instruction,

Base - 29 bit object number pointing to the entry in the ODT
for group 0 corresponding to DST 0.

Length - 32 bit integer specifying the length of the CST in bytes.
A zero length implies the absence of a DST,

They are now protected in dedicated memory from unwarranted
softuare access. Hardware uses them to locate the DST and perform
bounds checking on the DST index. An explicit reference to DST 0
will cause a ’DST Violation’ to occur,

10.3.3 ABS - Absolute Memory Object

The ABS is a special object in group 0 which provides a logical
representation of Absolute memory to Compatibility mode instructions.

The ABS is defined at system initialization time and the ODT entry
used is the ODT entry equivalent to DST 0 which is inaccessible to
instructions but readily available to hardware, The absence of a
DST will cause all absolute addressing to fail and generate an
“Absolute Address Violation’ trap.

It is now protected in dedicated memory from unwarranted software
access and used only by hardware for all absolute memory references.
The legal size of the ABS is defined to be:

0 <= ABS size < 128KB
Several instructions require System Global Region type of access

i.e. through Absolute address 1000 octal. As for all absolute
addressing, the ABS is used by hardware for such accesses.
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10.4 TASK CONTROL STRUCTURES

10.4.1 CSTX - Code Segment Table Extension

The local code domain defined by the CSTX concept in HP3000
Compatibility mode is emulated in Native mode as follous:

The CSTX is a contiguous block of entries in the ODT for group 0
uhich have been assigned to a given task. The TCB contains a
descriptor of the CSTX to define the base of the CSTX and the
length of CSTX, to allow conversion of the CST index to the
corresponding ODT entry (see Section 4.10).

The CSTX containg the CST indices in the range
192 <= CST index <= 255
where the first legal entry in the CSTX is CST 193.

An explicit reference to CST 192 will cause a "Not Code Segment’
trap to occur,
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10.4.2. Interrupt Stack Marker

The interrupt stack marker is used to mark the upper limit of the
stack on external interrupts, traps, transfers to the Dispatcher,
and the Switch operation,

The interrupt marker generated in Compatibility mode is presented
below. The one for Native mode is presented in Section 5.1.2.

—_— — —
— — 4 —

X register (16)
P-PB (16)
| STATUS | (16)
Q. INT—->] DELTA Q | (18)
| |
| compatibility/ |
~ native mode ~
~ mailbox ~
| !
| DB.DST I (16)
| DB. OFFSET i (16)
I DL.OFFSET | (16)
T Z.0FFSET T (16)
| STATUSB T (64)
s.mr-—>i (S.INT - Q.INT) f (16)
1 1
10-7
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Notes:

1)

2)

3)

4)

5)
6)

The number in parenthesis following each box reflects the
appropriate rumber of bits of specification.

X register, P-PB, STATUS, DELTA Q are the normal contents of
a Compatibility mode procedural stack marker.

DB.DST = 0 if DB set to ABS (absolute memory)
<> 0 if DB set to stack or data segment
DB.OFFSET defines the displacement (in units of 16 bits)
into the corresponding object.

DL.OFFSET, Z.OFFSET are the current values of the DL and Z
registers given as displacements into the stack object.

STATUSB is the current STATUSB register contents.

S.INT is the interrupted S value stored into TCB,SC, The value
of Q can be calculated from the contents (S.INT-Q.INT).
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10.4,3 TICB contents known to Hardware

The additional information required in the TCB by the hardware
to support Compatibility mode instructions and the special
instructions in Native mode to interface with Compatibility mode
are specified below.

See Section 5.8 for complete TCB details,

CSTX - CSTX descriptor (see 10.4.1)

p:tvt - mode of execution of the task
= 0 Native mode
= 1 Compatibility mode
( 1bit)

SN - logical address of top-of-stack of Native stack
when capped by an interrupt stack marker - it
points to the next byte following the interrupt
marker.

{ 64 bits )

sC - logical address of top-of-stack of Compatibility

stack when capped by an interrupt stack marker -
- it points to the last 16-bit word of the

interrupt stack marker,

( 64 bits )

SUipP - switch in progress flag,
( 1vit)
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10.5 MODE SWITCHING

Mode switching refers to the operations which affect the execution
mode flag XM in the STATUSC register.

0 Native mode
1 Compatibility mode

STATUSC. XM
STATUSC. XM

L 1}

Native mode instructions and/or operations which can initiate a
suwitch to Compatibility mode are:

IEXIT
SUITCH
RSWITCH

Compatibility mode instructions and/or operations which can cause
a suitch to Native mode are:

SUT

RSUT

DISP

External Interrupts

ICS Internal Interrupts

The following operations cause a transfer of execution to the ICS,
in Native mode, from both Native and Compatibility modes.

DISP
External Interrupts
ICS Internal Interrupts

The impact of the two modes, Native and Compatibility, on the above
declared instructions is discussed below,
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10,5.1 Compatibility Mode Instructions
10,5.1.1 DIsp

This instruction is used to enter the Dispatcher directly from

the Compatibility mode process envirorment, If external interrupts
are disabled then the Dispatcher pending flag is set and execution
continues with no switch taking place.

This is a privileged instruction,

if STATUSC.IE = O
then STATUSC.DRF := 1
else
begin
“PUSH2? X;
“PUSH2’ P-PB;
“PUSH2’ STATUS;
“PUSH2? (S-a+2) [0..14]
Q :=S;
“PUSH2’ DB.DST;
“PUSH2’ DB.OFFSET;
*PUSH2’ DL.OFFSET;
“PUSH2’> Z,OFFSET;

PUSH8 STATUSB;
“PUSH2’ S-Q+2;
ICB.SC := S;
STATUSC,ICS := 1
STATUSC.DPF := 0
execute case 2 o
end;

)
t_1EXIT;
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10.5.1.,2  SWT

The SUT instruction provides a switch of the execution environment
of a process from Compatibility mode directly to Native mode.

The Compatibility mode stack ig capped with an Interrupt Stack
Marker, the appropriate mode flags changed, and control passed to
the Native SUITCH trap routine on the Native mode stack which
executes above the previous interrupt stack marker. Any
interferences, such as Page Faults, aborts the operation after
setting the “switch in progress’ flag which then takes effect on
the subsequent IEXIT to the process.

This is a privileged instruction,

if STATUSC.IE = 0
then Trap"INSSUITCH"
else .
begin
“PUSH2’ X;
“PUSH2® P-PB;
. "PUSH2’ STATUS;
“PUSH2? (S-Q+2) [0..14];
Q :=8;
*PUSH2’ DB,DST;
“PUSH2’ DB.OFFSET;
“PUSH2’ DL.OFESET;
“PUSH2’ Z.OFFSET;
PUSH8 STATUSB;
“PUSH2? $-Q+2;
TCB.SC := §;
TCB.XM := 0;
TCB.SUIP := 1;
execute_case 1 of IEXIT;
end;
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10.5.1.3  RSUT

The RSUT is the reverse operation to a corresponding SWITCH
instruction which occurred from Native mode and basically returns
execution control back onto the Native mode stack envirorment.
The Compatibility mode stack is capped with a register save to
build the interrupt stack marker, the process mode flag is set

to Native mode, and a relaunch of the Native mode process occurs,

This is a privileged instruction,

if STATUSC.IE = 0
then Trap" INSSWITCH"
else
begin
“PUSH2’ DB.DST;
“PUSH2’ DB.OFFSET;
“PUSH2’ DL.OFFSET;
“PUSH2’ Z.OFFSET;
PUSH8 STATUSB;
“PUSH2’ S-Q+2;

TCB.SC := S;

TCB.XM := 0;
execute_case_1 of IEXIT;
end;
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10.5.2 Native Mode Instructions

10.5.2.1 DISP

The DISP instruction is described in Section 6.2.9.6.

10.5.2.2  IEXIT

The IEXIT instruction is described in Section 6.2.9.8. The
execution enviromment of a process is determined first by the
PM flag, indicating Native or Compatibility mode, and then by
the SUIP “switch in progress’ flag to either trap to the SUITCH
Trap routine or just perform a normal launch of the process by
by reestablishing the registers from the interrupt stack marker.

10-14
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10.5.2.3 SWITCH

The SUITCH instruction provides a switch of the execution
enviromment of a process from Native mode directly to
Compatibility mode. The Native mode stack is capped with an
Interrupt Stack Marker, the appropriate mode flags changed, and
control passed to the Compatibility SWITCH trap routine on the
Compatibility mode stack which executes above the previous
interrupt stack marker. Any interference, such as Page Faults,
aborts the operation after setting the “switch in progress’
flag which then takes effect on the subsequent IEXIT to the
process.

This instruction requires Ring level 1.

~

if STATUSC.ICS = 1 or STATUSC.IE = 0
then Trap"INSSWUITCH"

else
begin
PUSH_INTERRUPT MARKER;
TCB.SN := S;
TCB.XM := 1;

TICB.SWIP := 1;
execute_case_1 of IEXIT;
end;
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10.5.2.4 RSWITCH

The RSWITCH is the reverse operation to a corresponding SUT
instruction which occured from Compatibility mode and basically
returns execution control back onto the Compatibility mode stack
environment. The Native mode stack is flushed to leave the old
interrupt stack marker, the process mode flag set to Compatibility
mode, and a relaunch of the Compatibility mode process occurs,

This instruction requires Ring level 1.

if STATUSC.ICS = 1 or STATUSC.IE = 0
- then Trap"INSSUITCH"
else
begin
S 1= Q+120;
TICB.SN := 8;

ICB.XM := 1;
execute_case_1 of_ IEXIT;
end;
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10.6  PROTECTION

——
—— ot e

| 3
|  SORTED LIST OF INSTRUCTIONS APPENDIX
The details of protection are integrated with those of Native | . 3
mode objects in Chapter 2. In particular, refer to the discussion +
on object types and object access rights.
Section Instruction
EII==Z=S PR R A R e L i it s Tt s T 1 ¢ 1)

10.7  IMPLEMENTATION NOTES ABSt source.r, destination.w
ADDt = term.r, sum.ru :
ADDtD term.r, sum.rv

AND4 mask.r4, operand,rué

ASLt shiftcount,rl, operand.rw
ASRt shiftcount.rl, operand.rw
BADD4 term.r4, dest.b

BCMP4 sourcea.b, sourceb.rd

BCMP8 sourcea.b, sourceb.r8

BGET4 source.b, dest.ud

BGEI8 source,b, destination.u8
BMOVE8 source.b, dest.b

BMOVEADR source.m, dest.b

BPOP8. dest.b

BPUSHS. - source.b

BREAK parameter.r4

BRX 1loi.r4

BR{GLEU} target.r4

BSET4 source,r4, dest.b

BSET8 source.r8, dest.b

BSUB4 term.r4, dest.b

BTESI8 source.b

CALL target.r4

CALLX loi.r4

CHECKA parameter.r4

CHECKB parameter.r4

CHECKHI source.r4, hibound.r4
CHECKLO source.r4, lobound.r4
CHNOP

CIS channel.rl, status.rl

CLRMR nmrselect.rl

CMPB fillchar, lgtha, srca, lgthb, srcb, index
CMPC length,r4, stringa.m, stringb.m, index.u4
CMPT table, fillchar, lgtha, srca, lgthb, srcb, index
CMPt sourcel.r, source2.r

CMPtD sourcea.r, sourceb.r

CVAD length.rl, source.r, dest.w
CVDA length.rl, source.r, dest.u
CVDI length,rl, source.r, dest.u8
CVID 1length.rl, source.r8, dest.u

.

¢
.
.

Py
o

1. All Compatibility mode objects, code and data segments, are
assumed by hardware to be aligned on an even byte boundary.
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CVLAtVA operand.ml, virtaddr.u8

CVVAtPP virtaddr.r8, ppn.u4

DELETE wordcount,r4

DISABLE oldi.wl

DISP

DIVt divisor.r, dividend.ru

DIVtD divisor.r, quotient.ru

DOUN sema.nmruéd

DPF value,r4, shiftcount.rl, mask.r4, target.ru4
DUP  wordcount. r4, value. r4’

ENABLE oldi.rl

ERROR

EXIT

EXTEND wordcount.ré4

GETSIGN operand.rl, sign.uwl

GrowGDO newlength.r4

HASH virtaddr.r8, hashindex.u4

IDLE

IEXIT

IFC

INTERRUPT pr.r4

I0C channel,r4, control.r4

IOR channel.r4, control.r4, data.ué

I0J channel.r4, control.r4, data.r4

IVB tcb.nr

LAUNCH tcbla.r8, tcbva.r8

LDMR mrselect.rl, source.rl6

LDVIR source.r4

LSLt shiftcount.ri, bitfield.rw

LSRt shiftcount.rl, bitfield.rw

LVB tcb.mr

MODt divisor.r, dividend.ru

MOVEADR operand.m, destination.u8
MOVEBIT bitindexr.r4, source.rl, bitarray.mru
MOVEBLR fillchar, srcl src, destl dest
MOVEBRL flllchar srcl src, destl, dest
MOVEC length.r4, source nr, destlnatlon ny
MOVED length, rl source.r, dest.w
MOVESEMA  source. r4 sema, w4

MOVEfSP4 selector. r1 destination.uw4
MOVEfSP8 selector. r1 destination.u8
MOVEtSP4 selector.rl, source.r4
MOVEtSP8 selector.rl, source.r8

MPYt factor.r, product.rw

MPYtD factor.r, product.ru :

MRAND mrasleect.rl, mrbselect.rl

MRNOT mreselect.ril -

MROR mraselect.rl, mrbselect.rl

MRXOR mraselect. r1 mrbselect.rl

.NEGt  source.r, destlnatlon ©
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NOP

NOT4 - source.r4, destination.u4

OR4 mask.r4, operand.rué

OVPUNCH sign.rl, operand.rul

PAR response.wl

PDA response.ul

PDDEL ppn.ré

PDINS ppn.ré

POLYt degree.rl, polyn.mr, operand.rw
POPt destination.u

PRD response. wl

PROBE ring.rl, access,rl, address.r8, length. r4
PSDB

PSEB

- PUSHADR operand. m

PUSHt source.r
PUVCSA tcb.mr

. QUAD4 source.r4, destxnation w4

RBYTIE data.wl

RCL response.wl

RDP channel,.rl, dest,ul6, length,ul
REMt divisor, r, d1v1dend re

REP wordcount. r4 value.r4, operand.mw
RIS channel. rl status wl .
RSUITCH |

- RVLR ;
SCANUNTIL ~charset. nr, string.mr, index w4

SEXIT

SIS channel.rl, status.rl

SLD gount.rl, length.rl, source.r, dest.uw
SRD count, rl lenght. rl source, r, dest.u
SIMR - mrselect rl, destlnatlon wie

STOP

- SIVLR dest.uw4

SUBt term.r, difference.ru
SUBtD term.r, difference.ru
SWITCH

SYNCIB operand nc, length r4
SYNCOD loi,r4

SYNCICB tcb.r8

TESTA

TESTB

TESIBIT. bitindex.r4, bitarray.mr:
TESTDOUN sema.mrué

TESTLSB source.rl

TESTOV

TESTREF va.r8

TESTSEMA sema.mru4, result.w4
TESTSTRIP operand.rul

TESTt source.r

TESTtD source.r

e
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TRANSL table. mr, 1ength r4, source.mr, dest.my
TRY

" UNTRY destmatlon w4
‘"UP sema,mrué

uvesa

VABSt wvqual.ril, source. vr, abs.vu

VACCDt vqual, r1 terns.vr, sunrw

VACCt wvqual.rl, terms vr, sum.rw . - .

VADDt vqual. r1 terna. vr, termb. vr, sun. vu

VALD length, r1 operand. ru

VALN length, rl operand.ru

VAND4 wvqual. rl facta.vr, factb.vr, and vu

VASLt vqual.rl shlftcount vr, target Vi

VASRt vqual.rl, shiftcount,vr, tafget,vw.-

VCMPt .vqual. r1 field.r1, srca.vr, srch.vr, mrsel, rl
VCOMPRSt vqual rl, terms vr, compressed.vu

VCONVERT vqual. r1z typer. r1 source.vr, dest.vu
VDIVt wvqual.rl, divd.vr,. diver. vr, quot,vu

VEXPNDt wvqual. r1 terms.vr, expanded,vu

VEXTt vqual.rl, tems vr, index.r, value.w

VGATHt wvqual. rl source.vr, index.vr, destination, Vi
VINSt wvqual.rl, tems vy, index.r, newval.r

‘VINVAL vrmask. rl

VLSLt vqual.rl, shi'ftcount.vr, target.vru
VLSRt wvqual.rl, shiftcount.vr, target vru
VMAXELt wvqual. rl terms,vr, maxind.w4
VMINELt wvqual. r1 terms,vr, ninind.u4
VMODt wvqual. rl, led vr, divsr.vr, mod. v
VMOVEt vqual. rl, source.vr, dest, o

VMPYt wqual.rl, facta,vr, factb,vr, prod.vu
VNEGt  vqual.rl, source.vr, neg.vu

- VOR4 wqual.rl, terma.vr, termb.vr, or.vu

VREMt vqual. rl divd,vr, divsr. vr, rem.vy .
VSCATt vqual. r1 source.vr, index.vr, destinatjon.vu

AVSUBt vqual., rl terma.vr, termb,vr, "aift.vw

VXOR4 vqual. rl terma.vr, termb.vr, xor.vi
UBYTE data.rl, end.ri

UeMD  command. r1

UDP channel.rl, data.ri, length.rul

XOR4 mask.r4, Operand. ru4
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