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7.2.7 Shared-memory Multiprocessor Considerations 

07/31 

The interrupt Nask register is processor-local, as is the interrupt 
enable/disable bit. More surprising, perhaps, is the fact that the 
interrupt pending register is processor-local. For this to work, 
the following notes apply. 

Note 1: A channel interrupt causes the pending bit to get set in 
the IPR of all processors sharing Neroory. 

Note 2: The INTERRUPT instruction Nust likewise broadcast to all 
processors in order to get the pending bit set in their 
own IPR. 

Note 3: More than one processor may have a particular priority 
level enabled at anyone tiNe. In this situation, Nore 
than one processor will be interrupted. In case of a 
channel interrupt, the data structure that identifies the 
interrupt is shared aroong all processors; this allows 
only one processor to acknowledge the channel interrupt, 
all other processors will resuroe their norNal instruction 
sequence without ever pushing an interrupt marker. In 
case of a processor interrupt, all enabled processors 
will run the interrupt handler. 

Note 4: hlhen a processor acknowledges an interrupt, it clears 
the pending bit in its own IPR only. This will not 
be broadcast. -

7-19 

7.3 Clocks 

VISION ARCHITECTURE CONTROL DOCUMENT 
DO NOT COPY -- HP PRIVATE INFORMATION 

07/31 

There are three clocks supported. Each clock is scaled to give 
results in nanoseconds. However, the actual resolution of the 
clock is iNpleroentation dependent and Nay be Nuch larger than 1 
nanosecond. For exarople, internally the hardware may count every 
100 nanoseconds but when software reads the clock, the count will 
be scaled to read in nanoseconds. These clocks, when read, return 
a 64-bit 2's compleroent count. 

7.3.1 TiNe of Day Clock 

This clock will be used by the system for Naintaining the current 
tiNe of day. It runs continuously without interruption and will 
maintain the correct tiNe even across power failure. Ideally, 
this clock will be set only once and from that point onwards it 
will continuallY count up. 

Since 1 January 1972 there has been an internationally accepted 
tiNe scale based on the International TiNe Bureau (BIH) standards 
for atONic clocks. The Vision TiNe of Day Clock will be based on 
this standard. 

The origin (tiNe zero) of this clock is the saroe as the �o�r�~�g�~�n� for 
the international reference scale of atomic tiNe (TAl), that is, 
1 January 1958 at 0 hours GMT (also known as the UTC Reference 
Zone). The value of this clock is the nurober of nanoseconds since 
the TAl origin as defined by Coordinated Universal TiNe (UTC). 
TIrus, as an exarople, if it is 4 AM PST then it is 12 Noon UTC as 
there is an eight hour tiNe difference between California and 
Greenwich. For details of this tiNe standard see NBS Special 
Publication 559, "TiNe and Frequency Users' Manual". Not that it 
is not intended that all Vision computers be as accurate as atONic 
clocks but Nerely that they agree on what tiNe it is. 

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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7.3.2 Task Clock 

07/31 

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 54-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/O interrupt in the system and is 
therefore subject to being Aasked 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 imAediate 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-Aemory Aultiprocessor system at a priority 
level that can be configured by software. 

On power-up, the interval clock shall be set to its largest 
positive value. This should prevent any unexpected interrupts 
frOA 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 54 bits) 
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7.4 SUmary of Traps and Internal Interrupts 

07/31 

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 Execution environment 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. Paral1leters -- Paral1leters 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 

stack marker. 

4. Type Type of exception 
a) II Internal interrupt 
b) NR non-recoverable trap 
c) R restartable trap (Pr=Pc) 
d) C = continuable trap (Pr=Pn) 
e) SR step restartable (Pr=Pc) 
f) SC = step continuable (Pr=Pn) 
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Table of Internal Interrupts and Traps 

+-------------+-----+---+-----------+----+---------------------+ 
I MneAonic ITrap#IENVIE/D Control I Type I Parameters I 
1-------------+-----+---+-----------+----+---------------------1 
IIIMEMPAR I 1 IICSIPE I II IAddress,Pc,l I 
IPOhlERFAIL I 2 IICSIPE I II 12 
I I IPhlRRCV I 3 IICSIPE I II 13 
I I ICPUCHK I 4 IICSIPE I II IVariable,Pc,4 
I I IeSPREPLY I 5 IICslc1.IE I II I Status, 5 
ICODEBNDSV I 6 ICS IPE I R IPc,6 
leODEODTV I 7 ICS IPE I R IPc,7 
ICODETYPV I 8 ICS IPE I R IPc,8 
ICODERINGV I 9 les IPE I R IPc,9 
IINSPRIV I 10 les IPE I R IPc,10 
IINSOPSPEC 11 ICS IPE I R IPe,11 
IINSERROR 12 ICS IPE I C IPe,12 
I I NSCHKLO 13 ICS IPE I C IPc,13 
IINSCHKHI 14 ICS IPE I C IPc,14 
IINSUNDEF 15 ICS IPE I R IPe,15 
IINSXTL 16 ICS IPE I C IPe,16 
IINSODDP 17 les IPE I NR IPc,17 
IINSPROBE 18 les IPE I R IPc,18 
IINSMOVSPL 19 ICS IPE I R IPc,19 
IINSSYITCH 20 les IPE I R IPc,20 
IINSVPPERM 21 les IB1.VPP I R IPe,21 
IINSVPICS 22 ICS IPE NR IPc,22 
ISTKCONSISTV 23 ICS IPE R IPe,23 
ISTKOVF 24 IIeslPE R IPc,24 
ISTKUNF 25 les IPE R IPc,25 
ISTKDEXTV 26 les IPE R IPc,26 
IDATABNDSV 27 ICS IPE R IPc,27 
IDATAODTV 28 ICS IPE NR IAddress,Pe,28 
IDATATYPV 29 ICS IPE R IAddress,Pc,29 
IDATAARV 30 ICS IPE R IAddress,Pe,30 
IFL-INV 31 les IB2.FLINVE C IOp1,[0p2],Pc,31 
IFL-DVDZ 32 les IB2.FLDVDZE e IOpl,0p2,Pc,32 
IFL-OVF 33 ICS IB2.FLOVFE C IResult,Status,Pc,33 
IFL-UNF 34 ICS IB2.FLUNFE C I Result,Status,Pc,34 
IFL-INK 35 ICS IB2.FLINKE C I Result, Status,Pc, 35 
IINTDVDZ 36 les IB2.INTDVDZEI C IPc,36 
IINTOVF 37 Ics IB2.INTOVFE I C IPc,37 
+-------------+-----+---+-----------+----+---------------------+ 
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+-------------+-----+---+-----------+----+---------------------+ 
I Mnernonic ITrap#IENVIE/D Control I Type I Parameters I 
I-------------+-----+---+-----------+----+-~-------------------1 
IDECDVDZ I 38 Ics IB2.DECDVDZEI C IPc,38 I 
IDECOVF I 39 ICS IB2.DECOVFE I C IPc,39 I 
IDECINVL I 40 Ics IPE I R IPc,40 
IDECINVDG I 41 ICS IPE I R IPc,41 
IDBBREAK I 42 ICS IPE I C IOperand,Pc,42 
IDBCALL I 43 ICS IB1.PTE I SC IPc,43 
IDBCHECKA I 44 Ics IB2.CB.CBA I C I Operand,Pc,44 
IDBCHECKB I 45 ICS IB2.CB.CBB I C I Operand,Pc,45 
IDBSIT I 46 Ics ISTATUSA.SITI C IPc,46 
ISEMAOVF I 47 ICS IPE I R ISeAaphore,Pc,47 
ISEMADOhlN I 48 ICS IPE I C ISernaphore,Pc,48 
ISEMAUP I 49 ICS IPE I C ISernaphore,Pc,49 
ISYITCHN (*1) I 50 les IPE I e IPc,50 
ITRYV I 51 les IPE I R I Trypointer, Pc, 51 
IADRPDIRBND I 52 ICS IPE I R IEntry address,Pc,52 
IADRPDIR I 53 les IPE I R IPage nuAber,Pc,53 
IADRPAGEABS I 54 les IPE I R IByte offset,VPN, 
I I I I I I Logical address, 
I I I I I IPc,54 
IADRPAGETOS I 55 IICslPE I R IUser stack data, 
I I I I I I Byte offset, VPN, 
I I I I IlLogical address, 
I I I I I IPc,55 
+-------------+-----+---+-----------+----+---------------------+ 
Notes: 

07/31 

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

7.5.1 Architectural Interface 

When 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 Vision family. The following sections describe the details 
of the architectural interface between hardware and software 
(the interrupt service routine). 

7.5.2 EKecution Environment 

All internal interrupt handlers eKecute on the ICS. 

7.5.3 Sequence of Events 

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

1) EKternal interrups are disabled. 

07/31 

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

3) The current eKecution stack is capped with an interrupt stack 
marker. 
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4) The following status fields are given standard values: 

~ 0 (native mode) 
lIP 0 
TeE 0 (hold task clock) 
DISP 0 
SIT 0 
DBP 0 
ICS 1 
~L 3 

5) The target location is the entry point in the OD for LOI 

6) 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 diagram: 

+-------------+ --+ 
Q==> I parameter 1 I \ 

+-------------+ \ 
I parameter 2 I \ 
+-------------+ \ Parameter list 

> for internal 
+-------------+ / interrupt 

/ handlers 
+-------------+ / 
I parameter n I / 
+-------------+ --+ 

S==> 

In all cases the last parameter is the 32-bit Trap •. 

7) The eKecution environment is set up for eKecuting the 
internal interrupt handler. This involves the following: 

a) The environment registers (Q, S, etc.) are set up 
appropriately for eKecuting code on the ICS. 
All other registers XO •• X15, BO .• B5 are left with 
indeterminate values. 

b) The eKecution privilege level is set to the minimum 
eKecution 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. 

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

07/31 

Multiple internal interrupts are processed by pushing multiple 
interrupt stack markers onto the rcs. 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 Melllory Parity Error 

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

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

In a shared Illelllory Illultiprocessor configuration, the parity error 
may not be uniquely attributable to any particular processor's 
Illelllory traffic. Therefore, the parity error may be reported to 
any processor in the configuration. 

Mnemonic: 
Parameters: 

Enabling: 

lIMEMPAR 
1. 32-bit physical byte address of the 

location with the parity error 
2. Pcurrent 
3. trap * 
perlllanently enabled 

7-27 

VISION ARCHITECTURE CONTROL DOCUMENT 
DO NOT COPY -- HP PRIVATE INFORMATION 

7.4.5.2 Power Fail 

Yhen the power system detects a power failure, the power fail 
interrupt is taken. In a shared-meroory multi-processor 
configuration, all processors must receive this interrupt. 

Mnelllonic: 
Parameter: 
Enabling: 

IIPlJRFAIL 
trap * 
permanently enabled 

7.5.5.3 Power Recovery 

07/31 

When power is initially applied to the systelll, a test of Illeroory 
contents is perforllled to deterllline 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 Illemory contents are invalid, 
the Illachine will perform a cold start. The test for valid memory 
contents is i!llplementation dependent but there will be a finite 
probability of Illistaking an invalid Illeroory content as being valid. 
In a shared Illelllory Illultiprocessor configuration, all processors 
must receive this interrupt. As much as possible, implementations 
must save the machine state across power fail/recovery. 

Mnemonic: 
Parameter: 
Enabling: 

I IPldRRCV 
trap. 
perlllanently enabled 

7.5.5.4 CPU Machine Check 

This trap is defined for the i!llpleroentation dependent errors that 
a CPU implementation can detect about itself. The information 
reported under this trap classification is specific to each CPU 
i!llp lelllentat ion. The first parameter is variable in size. Its 
third word is the Illachine check 10 OUIllber; this defines how much 
additional inforlllation is present. 

Mneroonic: 
Parameter: 

Enabling: 

I ICPUCHK 
1. Illachine check id 
2. Pcurrent 
3. trap * 
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: I ICSPREPLY 
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 

When a trap is detected by the hardware, control is transferred 
to its corresponding trap service routine. The ~ethod of 
transferring control and accessing the trap service routines is 
consistent (identical) across all models of the Vision family. 

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

The following sections describe the details of the architectural 
interface between the hardware (or ~icrocode) and the software 
(the trap service routines). 

7.6.2 Execution Enviro~ent 

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 

07/31 

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

+-------------+ --+ 
Q==>I parameter 1 1 \ 

1-------------1 
1 parameter 2 1 
1-------------1 
1 • 1 
1-------------1 
1 • 1 
1-------------1 
1 parameter n 1 / 
+-------------+ --+ 

S==>I 

\ 
\ 
\ 

/ 
/ 

/ 

> 
Parameter list 
for trap 
handlers 

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 

07/31 

The trap handler is a procedure in the Trap object (object 1 in 
group 0). The access rights of the trap object indicate the 
no~inal privilege level at which the handler will run. However, 
privilege is never reduced (will never become numerically 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 O. 

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 
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When 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: 
XM 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 is passed to the trap handler at P. 

7.6.4.2 A Non-recoverable Trap on the ICS 

When 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 Res tar tab Ie Trap on the CUrrent Stack 

(or a step-restartable trap) 

When a single ~estartable 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 
inforroation is pushed, and the lIP bit in STATUSA set. 
Otherwise, 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: 
lIP 0 
SIT 0 
XM 0 (native Node) 

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. 

07/31 

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

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 OVerflow 

These follow the sequence for an internal interrupt. Note that these 
faults can occur at any tiroe 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, hardware 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) 

Continuable traps can only be detected after restartable traps 
have already been resolved, so continuable traps occur either 
alone or in combination ~ith other continuable traps. Note that 
the breakpoint trap and the single instruction trace trap are 
classified as continuable traps. In addition to these t~o, 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=O). 

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

4) If the instruction is step continuable and ~as interrupted 
at an intermediate step, push intermediate state information 
onto the current stack and set the lIP bit. 

5) Push an external procedure marker. 

6) Clear the lIP flag in STATUSA. 

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

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

9) Set P to the entry point address of object 1 in group O. 

10) Set STATUSA.XL to the privilege level of object 1 in group O. 

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

12) Push an external 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 O. 

17) Reset the DSP bit. 
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18) If the SIT bit ~as 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 paraIlleters for the Single Instruction Trace trap. 

22) Set P to the entry point address of object 1 in group O. 

07/31 

23) Set STATUSA.XL at the privilege level of object 1 in group O. 

24) Execute the trap handler at P. 

Note: this sequence may give a DSP trap and an SIT trap before a 
step continuable instruction ~ill 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 
follo~ing conditions cause the processor to enter the 'system 
error' state. 

1) Any trap, such as DDT Length violation, that occurs ~hile 
hard~are executes the transfer of control to the trap handler. 

2) Cases like overflo~ or underflo~ of the dispatcher disable count. 
In these cases, there is a soft~are error in privileged code. 

3) Bounds violations on the IeS. 

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

Traps lIlay be eKPlicitly enabled and disabled individually or in 
groups. Traps fall in the following categories. 

1) Perillanently Enabled 

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

2) Individually Enabled 

These traps can be eKPlicitly enabled/disabled individually by 
setting/resetting a bit in the SIATUSB 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) The Lower Bound (LB) of the object is obtained frolll the OD 
for the object (third word). 

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

3) The Object Length is cOlllputed frolll the 00 for the object: 

Object Length = UB - LB + 1 

4) LB and UB are 32-bit 2's cOlllpleJllent signed integers; their 
values, however, lIlust be positive. 

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

6) 

7) 

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 
lIlay 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 fro~ the 
object descriptor of the target code object. 

9) For EXIT, the target location is obtained fro~ the procedure 
stack lIlarker. 

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 software. 
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IlIlplelllentations 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 systeJll software to guarantee that software cannot "run 
out of theend of a code object". For eXaJIlple, code objects can 
be padded with BREAK instructions. If P is increJllented so as to 
becoille greater than PL on sequential instruction execution, the 
effects lIlay differ across iIIlplelllentations; however, these effects 
will reJllain lilllited to the currently executing task. 

HneJ1lonic: 
ParaJlleters: 

Trap Type: 
Enabling: 

CODEBNDSV 
1. Pcurrent 
2. trap * 
restartable 
perillanently enabled 

7.6.7.2 Code ODT Length Violation 

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

Hneillonic: 
ParaJlleters: 

Trap Type: 
Enabling: 

CODEODTV 
1. Pcurrent 
2. trap * 
restartable 
perillanently enabled 
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7.6.7.3 Code Object Type Violation 

07/31 

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

Mnemonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

CODETYPV 
1. Pcurrent 
2. trap # 
restartable 
perNanently 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 Plade to exit to a privilege level mhich is Plore 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 mhose 
'prerequisite privilege level' is Plore 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: 
ParaIlleters: 

Trap Type: 
Enabling: 

CODER I NGV 
1. Pcurrent 
2. trap # 
restartable 
perNanently enabled 
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7.6.8 Instruction Traps 

7.6.8.1 Privileged Instruction Violation 

07/31 

This trap is caused when an attelllpt is Plade to execute an instruction 
at a privilege level which is less privileged than that required by 
the instruction. 

Mnelllonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

INSPRIV 
1. Pcurrent 
2. trap # 
restartable 
perNanently 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. 

Mnelllonic : 
ParaIlleters: 

Trap Type: 
Enabling: 

INSERROR 
1. Pcurrent 
2. trap # 
continuable 
perPlanently enabled 

7.6.8.3 CHECKLO Violation 

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

Mnemonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

INSCHKLO 
1. Pcurrent 
2. trap # 
continuable 
perPlanently enabled 
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7.6.8.4 CHECKHI Violation 

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

MneJllonic: 
ParaJlleters: 

Trap Type: 
Enabling: 

I NSCHKH I 
1. Pcurrent 
2. trap # 
continuable 
perJllanently enabled 

7.6.8.5 Undefined Instruction 

07/31 

This trap is caused for all opcodes that are not defined as part of 
the VISION architecture. 

MneJllonic: 
ParaJlleters: 

Trap Type: 
Enabling: 

INSUNDEF 
1. Pcurrent 
2. trap # 
continuable 
per1llanently enabled 

7.6.8.6 Exit Threshold Trap 

This trap is caused uhen the current execution privilege level is 
reduced to a level that is less privileged than the level in the 
'KIL' field in STATUSB. 

Mn9Jllonic: 
Par~eters: 

Trap Type: 
Enabling: 

INSKTL 
1. Pcurrent 
2. trap # 
continuable 
perJllanently enabled 
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7.6.8.7 Misaligned Progr~ Counter 

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

07/31 

NOTE: This condition JIIay not cause a trap in all mpleIllentations; 
instead, i1IIpleIllentations Nay force P[63]:=O and continue. 

MneJllonic: 
Par~eters: 

Trap Type: 
Enabling: 

INSODDP 
1. Pcurrent 
2. trap # 
restartable 
per1llanently enabled 

7.6.8.8 Probe Violation 

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

MneIllonic: 
ParaJlleters: 

Trap Type: 
Enabling: 

INSPROBE 
1. Pcurrent 
2. trap # 
restartable 
per1llanently enabled 

7.6.8.9 Operand specifier Violation 

This trap is caused uhen an operand specifier in an instruction is 
incoNpatible uith the operand attribute expected by the opcode. 
EK~ple: an operand specifier specifying a literal as a destination 
in a MOVE instruction. 

MneIllonic : 
ParaJlleters: 

Trap Type: 
Enabling: 

I NSOPSPEC 
1. Pcurrent 
2. Trap # 
non-recoverable 
per1llanently enabled 
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7.6.S.10 Move Special Violation 

07/31 

This trap is caused for the instructions, MOVEfSP4, MOVEfSPS, 
MOVEtSP4, and MOVEtSP8, hlhen the value of the selector is illegal 
and/or hlhen the current privilege level of the processor does not 
Aatch the required privilege level for that value of the selector. 

MneAonic: 
ParaAeters: 

Trap Type: 
Enabling: 

INSMOVSPL 
1. Pcurrent 
2. trap # 
restartable 
perAanently enabled 

7.6.8.11 SWitch Violation 

This trap is detected by all variants of SWITCH hlhen the execution 
environAent does not allohl a task Shlitch. 

MneAonic: 
ParaAeters: 

Trap Type: 
Enabling: 

INSSWITCH 
1. Pcurrent 
2. trap * 
restartable 
perAanently enabled 

7.6.S.12 VP perAission control 

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

MneAonic: 
ParaAeters: 

Trap Type: 
Enabling: 

INSVPPERM 
1. Pcurrent 
2. trap # 
restartable 
individually enabled 
(STATUSB1. VPP) 
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7.6.S.13 Vector Operation on the ICS 

07/31 

This trap occurs hlhen a vector operation is atteApted that uses vector 
registers hlhile executing on the Ies. 

MneAonic: 
ParaAeters: 

Trap Type: 
Enabling: 

INSVPICS 
1. Pcurrent 
2. trap * 
non-recoverable 
perAanently enabled 

7.6.9 Stack Traps 

7.6.9.1 Stack Consistency Violation 

The instruction EXIT is used to restore the caller's environment. 
The registers S, Q are changed to point to nehl AeAOry locations on 
executing the EXIT instruction. Prior to executing the EXIT instruc­
tion, checks are Aade to ensure that the registers SB, Q, S, and SL 
at the end of executing the EXIT instruction hlould still Aaintain 
the follohling stack consistency relationship: 

SB =< Q =< S =< SL 

The Stack Consistency Violation trap is taken hlhen this relationship 
is violated. The IEXI! instruction includes the SaAe checks. 

MneAonic: 
ParaAeters: 

Trap Type: 
Enabling: 

STKCONSISTV 
1. Pcurrent 
2. trap # 
restartable 
perAanently enabled 

7.6.9.2 Stack Overflohl 

This trap is caused hlhen atteApting to execute an instruction that 
hlill result in S pointing at or beyond SL. Note: processing of 
the trap condition follohls the sequence of events for internal 
interrupts. The trap handler is executed on the ICS. Yhen 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.&& 
(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: 
Par81lleters: 

Trap Types: 

Enabling: 

STKOVF 
1. Pcurrent 
2. trap it 
step restartable for instruction DUP 
restartable for other offending instructions 
permanently enabled 

7.6.9.3 Stack Underflow 

This trap is caused when an attempt is made to move S below Q 
(i.e. attempt to violate Q[32 •• 63] <= 8[32 •• 63]) 

Mnemonic: 
Par81lleters: 

Trap Type: 
Enabling: 

STKUNF 
1. Pcurrent 
2. trap # 
restartable 
permanently enabled 

7.6.9.4 Delete/Extend Negative Yordcount 

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

Mnemonic: 
Parameters: 

Trap Type: 
Enabling: 

STKDEXTV 
1. Pcurrent 
2. trap it 
restartable 
permanently enabled 
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7.6.10 Data Object Traps 

For data traps the following terminology is used: 

1) An e~!ict operand is an ope:~d whose lo~ical ad~ress is 
speclfled by an operand speclfler of the lnstructlon. 

07/31 

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 aD for the object or the computed virtual offset is 
greater than the Upper Bound UB minus the size of the data item. 

Mnemonic: 
Parameters: 

Trap Type: 
Enabling: 

DATABNDSV 
1. Offending logical address (64 bits) 
2. Pcurrent 
3. trap it 
restartable 
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 number of entries contained 
in the ODT for the selected group. 

Mnemonic: 
Parameters: 

Trap Types: 

Enabling: 

DATAODTV 
1. Offending logical address (64 bits) 
2. Pcurrent 
3. trap * 
non-recoverable for instructions that modify the 
most significant 32 bits of a base register, 
restartable for IEXIT 
permanently enabled 
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7.6.10.3 Data Object Type Violation 

07/31 

This trap is caused lIJhen an attelllpt is Illade to access, through a l.lIJ" 
or ".rllJ" attribute, an object that is not a native Illode data object. 

Mnelllonic: 
Para!lleters: 

Trap Type: 
Enabling: 

DATATYPV 
1. Offending logical address 
2. Pcurrent 
3. trap it 
restartable 
permanently enabled 

7.6.10.4 Data Access Rights Violation 

This trap is detected lIJhen an attelllpt is Illade to access an object 
lIJhile running less privileged than required by the access rights 
field in the OD for the object. 

Mnelllonic: 
Para!lleters: 

Trap Type: 
Enabling: 

DATAARV 
1. Offending logical address (64 bits) 
2. Pcurrent 
3. trap # 
restartable 
perlllanently enabled 

7.6.11 Floating Point Traps 

These traps are detected for Floating Point operations. Their 
i!llplelllentation is in accordance lIJith IEEE Floating Point Standard. 
(Refer to "A Proposed Standard for Binary Floating Point Arithllletic" 
draft 9.3.3 of IEEE task P754.) Each trap can be individually 
enabled or disabled lIJith the appropriate bit in STATUSB. Mhen 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., relllain the Sa!lle as prior to 
eKecuting the offending instruction). 

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

07/31 

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. 

Mne!llonic: 
Para!lleters: 

Trap Type: 
Enabling: 

FL-INV 
1. Operandi 

(2. Operand2) 
3. Pcurrent 
4. Trap. 
continuable 
individually enabled 
(STATUSB2.FLINVE) 

7.6.11.2 Floating Point Divide By Zero 

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

Mnelllonic: 
Para!lleters: 

Trap Type: 
Enabling: 

FL-DVDZ 
1. Operandi 
2. Operand2 
3. Pcurrent 
4. Trap # 
continuable 
individually enabled 
(STATUSB2.FLDVDZE) 

7.6.11.3 Floating Point OVerflollJ 

This trap is caused lIJhen the Illagnitude of the result of a floating 
point arithllletic operation is greater than the largest representable 
floating point value in the indicated precision. The unrounded 
lIJrapped result is pushed. The round status is 0 for ROUND=O and 
STICKY=O, 1 for ROUND=O and STICKY=l, 2 for ROUND=l and STICKY=O, and 
3 for ROUND=l and STICKY=l. 

Mne!llonic: 
Para!lleters: 

Trap Type: 
Enabling: 

FL-OVF 
1. lJrapped result 
2. Round status 
3. Pcurrent 
4. trap # 
continuable 
individually enabled 
(STATUSB2.FLOVFE) 
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7.6.11.4 Floating Point Underfloro 

07/31 

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

tlnemonic: 
Parameters: 

Trap Type: 
Enabling: 

FL-UNF 
1. Wrapped result 
2. Round status 
3. Pcurrent 
4. trap # 
continuable 
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 overfloroed result. The Round status is as 
in overfloro and underfloro. 

tlnemonic: 
Parameters: 

Trap Type: 
Enabling: 

FL-INX 
1. Rounded or OVerflowed result 
2. Round status 
3. Pcurrent 
4. Trap # 
continuable 
individually enabled 
(STATUSB2.FLINXE) 
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7.6.12 Integer Traps 

7.6.12.1 Fixed Point Divide By Zero 

07/31 

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

tlnel1lonic: 
Pararoe ters: 

Trap Type: 
Enabling: 

INTDVDZ 
1. Pcurrent 
2. trap # 
continuable 
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 loroer t bytes of the 
result is returned. For CONVERT the largest positive integer if the 
source roas positive and the largest negative integer if the source roas 
negative is returned. 

tlnemonic: 
Parameters: 

Trap Type: 
Enabling: 

INTOVF 
1. Pcurrent 
2. trap * 
continuable 
individually enabled 
(STATUSB2.INTOVFE) 
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7.6.13 Decimal Traps 

7.6.13.1 Decimal Divide By Zero 

07/31 

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

Mnemonic: 
Parameters: 

Trap Type: 
Enabling: 

DECDVDZ 
1. Pcurrent 
2. trap # 
continuable 
individually enabled 
(STATUSB2.DECDVDZE) 

7.6.13.2 Deciroal Overflow 

This trap is detected for deciroal operations when the result is larger 
than can fit in the destination operand. When 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: 
ParaIlleters: 

Trap Type: 
Enabling: 

DECOVF 
1. Pcurrent 
2. trap # 
continuable 
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: 
Parameters: 

Trap Type: 
Enabling: 

DECINVL 
1. Pcurrent 
2. trap # 
restartable 
permanently enabled 
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7.6.13.4 Invalid Decimal Digit 

07/31 

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: 
Parameters: 

Trap Type: 
Enabling: 

DECINVDG 
1. Pcurrent 
2. trap # 
res tar table 
permanently enabled 

7.6.14 Debug Trap conditions 

7.6.14.1 Break Instruction 

This trap is caused when executing the BREAK instruction. 

Mnemonic: 
Parameters: 

Trap Type: 
Enabling: 

DBBRKINS 
1. Operand 
2. Pcurrent 
3. trap '* 
continuable 
permanently enabled 

7.6.14.2 Procedure Trace Trap 

This trap is caused at the start of BRK, CALL, or CALLK instructions 
when the PTE bit in STATUSB is found set. 

Mnemonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

DBCALL 
1. Pcurrent 
2. trap '* 
step continuable 
individually enabled 
(STATUSBl. PTE) 

7-50 



VISION ARCHITECTURE CONTROL DOCUMENT 
DO NOT COPY -- HP PRIVATE INFORMATION 

7.6.14.3 CHECKA Instruction 

07/31 

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

MneNonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

DBCHECKA 
1. Instruction operand 
2. Pcurrent 
3. trap '* 
continuable 
individually enabled 
(STATUSB.CB.CBA) 

7.6.14.4 CHECKB Instruction 

This trap is caused Mhen executing the CHECKB instruction if the bit 
eBB in STATUSB register is set. 

MneNonic: 
ParaJlleters: 

Trap Type: 
Enabling; 

DBCHECKB 
1. Instruction operand 
2. Pcurrent 
3. trap '* 
continuable 
individually enabled 
(STAIUSB.CB.CBB) 

7.6.14.5 Single Instruction Trace 

This trap is caused at the end of executing an instruction Mhen the 
single instruction trace bit (SIT) in the STATUSA register is found 
set. 

The SIT bit is alMays cleared as part of trap initiation. SoftMare 
NUSt explicitly reenable the single instruction trace by setting 
the SIT value to one in the stack Narker in order to continue single 
instruction execution. 

MneNonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

DBSIT 
1. Pcurrent 
2. trap '* 
continuable 
individually enabled 
(STATUSA.SIT) 

7-51 

VISION ARCHITECTURE CONTROL DOCUMENT 
DO NOT COpy -- HP PRIVATE INFORMATION 

7.6.15 SeNaphore Traps 

7.6.15.1 SeNaphore OVerfloM 

07/31 

This trap is caused for the instructions UP, DOYN, and TESTDOYN Mhen 
increNenting or decreNenting the 31-bit seNaphore value causes a 
31-bit overfloM. 

MneNonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

SEMAOVF 
1. Logical address of the first operand (seNaphore) 
2. Pcurrent 
3. Trap '* 
res tar table 
perNanently enabled 

7.6.15.2 DOMn SeNaphore 

This trap is caused for the instruction DOYN, Mhen decreNenting the 
31-bit 2's cONpleNent seNaphore value of the operand causes it to 
drop beloM zero. 

MneNonic: 
ParaIlle ters : 

Trap Type: 
Enabling: 

SEMADOYN 
1. Logical address of the operand (seNaphore) 
2. Pcurrent 
3. trap '* 
continuable 
perNanently enabled 

7.6.15.3 Up SeNaphore 

This trap is caused for the instruction UP, Mhen increNenting the 
31-bit 2's cONpleNent seNaphore value of the operand leaves it at 
or beloM zero. 

MneNonic: 
ParaIlle ters : 

Trap Type: 
Enabling: 

SEMAUP 
1. Logical address of the operand (seNaphore) 
2. Pcurrent 
3. trap '* 
continuable 
perNanently enabled 

7-52 



VISION ARCHITECTURE CONTROL DOCUMENT 
DO NOT COPY -- HP PRIVATE INFORMATION 

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: 
ParaIlleters: 

Trap Type: 
Enabling: 

SlJITCHN 
1. trap * 
2. Pcurrent 
continuable 
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 UNTRY is used on the ICS. 

Mnemonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

TRYV 
1. TRYoffset 
2. Pcurrent 
3. trap * 
restartable 
permanently enabled 

7.6.18 Virtual Addressing Traps 

7.6.18.1 PDINSERT Inconsistent Page Number 

07/31 

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. 

MneAonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

ADRPDIR 
1. Physical Page number in PDIR 
2. Pcurrent 
3. trap # 
restartable 
perAanently enabled 
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7.6.19 Page Absent Traps 

7.6.19.1 Page Absent 

07/31 

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 paraIlleters, a normal trap. 

Mnemonic: 
ParaJlleters: 

Trap Type: 
Enabling: 

ADRPAGEABS 
1. Byte Offset 
2. Virtual Page Number 
3. Logical Address 
4. Pcurrent 
5. trap # 
restartable 
permanently enabled 

7.6.19.2 Top of Stack Page Absent 

(POFF) 
(VPN) 
(LA) 

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 Aarker. The sequence of events for internal 
interrupts is therefore used. The top of stack page absent handler 
executes on the interrupt control stack. 
More inforAation can be found in section 7.7. 

MneAonic: 
ParaIlleters: 

Trap Type: 
Enabling: 

ADRPAGETOS 
{O. OVerflow InforAation} 
1. Byte Offset 
2. Virtual Page Number 
3. Logical Address of S 
4. Pcurrent 
5. trap * 
restartable 
perAanently 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 SMITCH 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 (lIP) bit 
described in chapter 4 refers to this case. 

3) an instruction execution results in some conditions that 
are handled as user traps. In this case the instruction 
pushes stack markers as well 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) 

07/31 

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

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 ~hen the stack page absent 
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 

+------------------------+ 
I interrupt stack marker I 
I I 
+------------------------+ 

07/31 

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 hard~are 
implementations: 

1) The value of S stored in the TCB is the saroe independent 
of ~here 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: 
SRC: 
RES: 

L: 

length of argument list for trap handler (32 bytes) 
starting address of source information (=QI) 
starting address of some resident destination area 
big enough to receive the information 
length of move, computed as: S-QI-ARGLEN 

MOVEC L, SRC, RES 

After the page(s) missing from the user's stack have been 
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brought into physical NeNory, the inforNation can be Noved 
froN the NeNory resident page to the user's stack by MOVEC 
using these operands: 

RES; address of the Nemory resdient page 

07/31 

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. 

4) 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 inforNation. 
The following notation is used in these examples: 

indicates a page boundary 
indicates the boundary value of the base register 

Pre indicates a virtual page present in physical memory 
Abs indicates a virtual page absent from physical memory 
St indicates the value of S stored in the TCB after the 

interrupt marker is pushed 
TEMP temporary inforNation left on the stack as part of the 

execution of the previous instruction 
1M denotes the Interrupt Marker 
Si indicates the value of S after entry to the trap handler 

(points into the lCS) 
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Case 1 -- The stack pages are present in N9lIlory. 

Page 
Status 

PrefAbs 

Stack 
Object 

+--------+ 

+- - - - + 

Q==>I 
Pre I 

I 
+- - - - + 

I I 
Pre s==>I========1 

I I 
+- - - - + 

I 
Pre I 

I 
+- - - - + 

I 

BEFORE 
INTERRUPT 

MARKER 

Stack 
Object 

+--------+ 

+- - - - + 

+- - - - + 

I I 
1========1 
I TEMP I 
+- - - - + 
I INFO I 
++++++++++ 

1M I 
+- + 

St=> I I 

ICS 
+--------+ 
I disp. I 
I Narker I 
+- - - - + 

QI = > I parns I 
Ifor trap I 
I handler I 

Si==>+========+ 
I I 
+- - - - + 
I 

AFTER 
INTERRUPT 

MARKER 

07/31 

Note that in this case the inforNation 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 lCS 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 hOM 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 tMO parts as shOMn beloM. 

Case 2A -- part of the information is pushed onto the user's stack 

Page 
Status 

PrefAbs 

Pre 

Pre 

Abs 

Stack 
Object 

+--------+ 

I 
I 
1 

+- + 

Q==>I I 
I 1 
I I 
+- - - - + 

S==>I========I 
I I 
I I 
+- + 

I 
I 
1 

+- - - - + 

BEFORE 
INTERRUPT 
MARKER 

Stack 
Object 

+--------+ 

+- - - - + 

+- - - - + 

1========1 
I Part 1 1 
1 of 1M I 
+- - - - + 

1///11/111 
+========+ 

St=> 1 
+- - - - + 

ICS 
+--------+ 
I disp. I 
I marker 1 
+- - - - + 

QI=>I part 2 
1 of 1M 
I 
+- - - - + 
I parms I 
I for trap 1 
I handler I 
+- - - - + 

Si=>1 

AFTER 
INTERRUPT 

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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Case 2B -- The current S page is absent. This case includes 
bothwhen the folloMing page is present or absent. 

Page 
Status 

PrefAbs 

Stack 
Object 

+--------+ 

+- - - - + 

Q==> I 
Pre I 

I 
+- - - - + 

s==>I========1 
Abs I I 

I 1 
+- + 

I 1 
PrefAbs 1 1 

I I 

BEFORE 
INTERRUPT 

MARKER 

Stack 
Object 

+--------+ 

+- - - - + 

+- - - - + 
1========1 
I I 
1 I 
+- - - - + 
1========1 

St=>1 1 

ICS 
+--------+ 
I disp. I 
I marker 1 
+- - - - + 

QI=>I TEMP 
I INFO 
1 
++++++++++ 
+- - - - + 

1 1M 1 
1========1 

Si=> I I 
+- - - - + 

AFTER 
INTERRUPT 

MARKER 

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 rcs Mechanism 

07/31 

The Interrupt Control Stack (ICS) is a fixed size, memory resident 
structure. The location of the rcs 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 
rcs. A feM Vision roode traps, such as Page Absent, Top of Stack 
Page Absent and Stack overfloM, also execute on the rcs. The 
reroaining traps are handled on the current task's stack. 

All HP3000 roode internal interrupts as Mell as HP3000 roode page 
fault traps and stack overfloM traps are directed to the Vision 
roode environroent to execute on the ICS. The rest of the HP3000 
roode traps are handled on the task'S HP3000 roode stack. 
(See the Architectural Control Docuroent for HP3000 Mode for a 
list of the traps supported on VISION.) 

The dispatcher also executes on the ICS. There is a special stack 
roarker perroanently located at the bottoro of the res, knoMn as the 
dispatcher marker. It contains the information necessary to locate 
the dispatcher code and begin execution of the dispatcher. 

Yhile executing on the ICS, the rcs flag in STATUSC is set. The 
flag is set Mhen the ICS environroent is established for executing 
the dispatcher or an interrupt service routine. It is cleared by 
the Interrupt Exit Instruction (rEKrT) Mhen it deterroines that the 
exit 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-meroory roulti­
processor configuration. 
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+-----------------------------------------------+---------------+ 
INPUT/OUTPUT DATA STRUCTURES CHAPTER 8 

+-----------------------------------------------+---------------+ 

This chapter will eventually describe the data structures that 
must be understood jointly by processor hardware and by I/O 
hardware. 
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+---------------------------------------------+----------------+ 

SYSTEM INITIALIZATION CHAPTER 9 

+---------------------------------------------+----------------+ 

9.1 Virtual Object Initialization 

Virtual address space is organized as 2A 32 virtual objects 
of 2A 32 bytes each (see section 2.2). 

Virtual Objects 1 through 5 are reserved for special 
areas which are allocated in physical memory and mapped into 
virtual space during system initialization. 

Virtual Object 

o 
1 
2 
3 
4 
5 

SYSCOH 

HASH 
PDIR 
PMEBUF 

(reserved) 
The System Communications Area 
(reserved) 
The Hash Table 
The Physical Page Directory 
The Primary Macro Environroent Buffer 

9.2 The System Cororounications Area 

The System Cororounications Area (SYSCOM) is a meroory 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 (+!OO) records the total length in bytes 
of SYSCOH. 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 SYSCOH, 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 fixed section numbers. The 
section number * 8 is the offset in SYSCOH to the section 
descriptor. Once a section is defined in SYSCOM a fixed section 
number is assigned. New iropleroentations may add sections to 
SYSCOM, but they cannot reroove sections. 
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The Systero Coromunications Area is partitioned into at least six 
main sections identified below: 

1 
2 
3 
4 
5 
6 

SYSCOH.ENV SECTION 
SYSCOH.ID SECTION 
SYSCOM.DIAG SECTION 
SYSCOM.HARD-SECTION 
SYSCOM.LOAD-SECTION 
SYSCOH.DUMP=SECTION 

Environroental Section 
Identification Section 
Diagnostics Section 
Harware Reserved Section 
Load Section 
Dump Section 

To locate the hardware reserved section of SYSCOM, for example, 
multiply section number 3 * 8 bytes = !18 bytes offset to the 
section descriptor. 

+-) 

1 

2 

3 

4 

5 

The Systero Coromunications Area 
+--------------------------------------+ 
I SYSCOM. LENGTH 
I SYSCOM.NUMBER_OF_SECTIONS 

(4) I +!OO 
(4) I +!04 

+--------------------------------------+ 
I SYSCOM.ENV SECTION.OFFSET (4) I +108 
I SYSCOH.ENV:SECTION.LENGTH (4) I +10C 
+--------------------------------------+ 
I SYSCOM.ID SECTION.OFFSET (4) I +!10 
I SYSCOM.ID=SECTION.LENGTH (4) I +!14 
+--------------------------------------+ 
I SYSCOM.HARD SECTION. OFFSET (4) I +118 
I SYSCOM.HARD=SECTION.LENGTH (4) I +!1C 
+--------------------------------------+ 
I SYSCOH.DIAG SECTION.OFFSET (4) I +!20 
I SYSCOM.DIAG=SECTION.LENGTH (4) I +!24 
+--------------------------------------+ 
I SYSCOM.LOAD SECTION. OFFSET (4) I +!28 
I SYSCOM. LOAD=SECTION. LENGTH (4) I +12C 
+--------------------------------------+ 

6 I SYSCOM.DUMP SECTION. OFFSET (4) I +!30 
I SYSCOM.DUMP:SECTION.LENGTH (4) I +!34 
+--------------------------------------+ 

9.2.1 The Environment Section of SYSCOM 

The Environroent Section of SYSCOM is defined as section number 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) 
Number of Physical Pages (4) 
Max CSP error log (bytes) (4) 
Max CSP message log (bytes) (4) 
Max CSP display message (bytes) (4) 

+--------------------------------------+ 
bytes 

9.2.2 The Identification Section of SYSCOM 

+!OO 
+!04 
+!08 
+!OC 
+!10 

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 10 (8) +!OO 
Firmware Version (8) +108 
CSP ID (8) +110 
CSP Version (8) +!18 
CSP Software ID (8) +!20 
CSP Software Version (8) +!28 
HPE Software 10 (8) +!30 
HPE Software Version (8) +138 
Software ID Object.LA (8) +!40 

+--------------------------------------+ 
bytes I 

I 
Offset in Identification Section ---------+ 
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9.2.3 The Hardware 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_SECT I ON 

CSP-area.OFFSE'I 
CSP-area.LENGl'H 

(4) 
(4) 

+--------------------------------------+ 
bytes 

+!OO 
+!04 

Offset in Hard_section of SYSCOM -------+ 

9.2.4 The Diagnostics Section 

The Diagnostics Section of SYSCOM is defined as section number 4 
of SYSCOM and can be located through the section descriptor 
found at an offset of +120 bytes into SYSCOM. 

+--------------------------------------+ 
I SYSCOM.DIAG SECTION 
I -
+--------------------------------------+ 

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 +128 bytes into SYSCOM. 

+--------------------------------------+ 
SYSCOM.LOAD_SECTION 

Load Option 
Load Device Specification 
Load ParaIlleters 
Dump Option 
Dump Device Specification 
Dump Parameters 

+--------------------------------------+ 
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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 +130 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 fixed locations. 

+--------------------------------------+ 
SYSCOM.DUMP_SECTION 

HASH.PA (4) +!OO 
HASH. LENGTH (4) +104 
PDIR.PA (4) +!08 
PDIR.LENGTH (4) +!OC 
Group 0 Descriptor (GOO) (16) +!10 
STATUSD (4) +!20 
System Breakrange Descriptor (16) +!24 
Time of Century Clock (8) +134 
SYSCOM.PA (4) +!3C 
Implementation Dependent.OFFSET (4) +!40 
Implementation Dependent.LENGTH (4) +!44 
Processor Arch Record.OFFSET (4) +!48 
Processor Arch Record.LENGTH (4) +!4C 

+--------------------------------------+ 
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 (+!44). 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. 
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+--------------------------------------+ 
Processor Architectural Record 

+--------------------------------------+ 
STATUSA (4) +100 
STATUSBl (4) +104 
STATUSB2 (4) +108 
STATUSCl (4) +10C 
STATUSC2 (4) +!10 
Ql (8) +! 14 
TCB. LA (8) + ! lC 
TCBX.LA (8) +!24 
XO X15 (64) +130 
BO .• B5 ( 48) + ! 70 
Q (8) +!AO 
S (8) +1A8 
PrograJII Counter (8) + 1 BO 
Task Clock (8) + 1 B8 
Interval Timer (8) +1CO 
Processor Serial Number (*) (8) +!C8 
Processor Dependent Record. OFFSET (4) +!CC 
Processor Dependent Record. LENGTH (4) +100 
Next Processor Record. OFFSET (4) + 1 D4 
Next Processor Record.LENGTH (4) +108 

+--------------------------------------+ 
bytes I 

I 
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. 
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9.3 The Hash Table and Physical Page Directory 
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9.4 The Prilllary Macro Enviroment Buffer 

Virtual Object A Prilllary Macro Enviroment (PME) is a pre-built, bootable, 
~acro code illlage. 

3 

4 

+--------------------------------------+ <-- HASH.PA 
HASH The Hash Table 

(physically contiguous) 

+--------------------------------------+ 

+--------------------------------------+ <-- PDIR.PA 
POIR The Physical Page Directory 

(physically contiguous) 

+--------------------------------------+ 

During syste~ initialization all soft~are addressable ~~ory is 
~apped into virtual space by hard~are. The size and physical 
location of the hash table and the physical page directory are 
co~itted at this point. 

The hash table (HASH) ~ust be contiguous in physical ~e~ory and 
is initially ~apped as virtual object 3. The size of HASH is a 
function of ~~ory size and load options. 

The physical page directory (PDIR) ~ust be contiguous in 
physical ~e~ory and is initially ~apped as virtual object 4. 
The size of PDIR is a function of ~e~ory size. 

Hard~are ~ay choose to not associate certain phyical pages ~ith 
virtual pages. The virtual page ~ber (VPN) field in POIB 
entries Mill be set to 0 by convention to indicate that no virtual 
page association has been made, 

9-7 

The Prilllary Macro Enviroment Buffer (PMEBUF) is a pre-~apped 
~e~ory resident buffer ~hich ~ill be loaded ~ith a bootable 
~acro code illlage. 

Virtual Object 

5 
+----------------~---------------------+ 
I PME I 
I The Prilllary Macro Enviroment Buffer I 
I I 
+--------------------------------------+ 

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

During syste~ initialization hard~are allocates a fe~ physical 
pages fOr SYSCOM, PDIR, and HASH as described in sections 9.2 
and 9.3. Then the re~aining physical pages are ~apped into the 
PME buffer. 

In contrast to SYSCOM, PDIR and HASH, the PME buffer need not 
remain resident in physical memory once soft~are executes. 
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9.4.1 Loading the Primary Macro Enviro~ent Buffer 

Virtual Object 

5 
+--------------------------------------+ 
I PME I 
I The Primary ~ro Enviro~ent Buffer I 
I I 
+--------------------------------------+ 

PME.LENGTH (4) I 
PME Check~ (4) I 
Group 0 Descriptor (GDO) (16) I 
TCB.LA (8) I 
TCB. VA (8) I 
QI.LA (8) 
QI.VA (8) 
CST descriptor (8) 
DST descriptor (8) 

I 
reserved for eKPansion I 

+--------------------------------------+ 
I Macro Code I~age I 

+100 
+104 
+!08 
+!18 
+)20 
+!28 
+!30 
+!38 
+140 
+!48 

+!100 

The first 256 bytes of each Primary Macro Enviro~ent serve as a 
descriptor of the PME. 

The PME.LENGTH field (10) defines the length of the image in 
bytes and can be used to ensure that the entire image ~ill fit 
into the pre-~apped buffer. The PME Check~ (14) can be used 
to insure that the image has been properly loaded. 

The group 0 descriptor (GDO +108) defines the location of ODTO 
~ithin the PME. Since the PME is constructed to be loaded into 
PMEBUF, GDO.VON ~ill al~ays be virtual object 5. GDO.LB ~ust be 
page aligned in v irtual space. GDO • UB is equal to PME. LENGTH 1. 
GDO.LON ~ill vary fro~ PME to PME. 

The TCB.LA field (118) contains the logical address of a 
pre-built Task Control Block ~ithin the PME. TCB.VA (+120) 
contains the virtual address of the TCB. 

The QI.LA field (+128) contains a logical pointer to the 
dispatcher ~arker on the Interrupt Control Stack. The QI.VA 
field (+!30) contains the virtual address of the dispatcher 
~arker. 

The CST descriptor (+138) defines the object number in group 0 
~here the CST starts, and the length in bytes of the CST. 

The DST descriptor (+!40) defines the object number in group 0 
~here the DST starts, and the length in bytes of the DST. 
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The ~ro Code Launch 

The follo~ing sequence of steps are taken for ~acro code launch. 

1) 

2) 

3) 

4) 

Allocate physical pages for PDIR, HASH, SYSCOM, and 
PMEBUF, and ~ap these virtual objects. 

Load the PME into the PMEBUF in ~~ory. 

Using the PME descriptor do: 

Set the ODIO registers. No~ logical addressing is 
defined. 

Find the logical and physical address of the TCB. 

Set QI to point into the ICS object. 

Locate the CSTs and the DSTs. 

Set the initial state of the processor such that it ~ill 
run uninterrupted at the highest privilege level. See 
section 9.7 for a summary of the initial state. 

The cold load hard~are then eHecutes the algorithm described 
under the LAUNCH instruction to initiate the launching of 
soft~are. The task pointed to by the TCB is launched. 
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9.6 Initial State ~ary 

o 12 3 4 5 6 7 8 
3 
1 

+-+--+---+---+---+---+ +- - - - - - - - - - -+ 
STATUSA I IKLlsITIIIPIDBPI I I 

STATUSBl 

1110 I 0 I 0 10 I I I 
+-+--+---+---+---+---+ +- - - - - - - - - - -+ 

02345 
1 1 111 
o 1 234 

3 
1 

+---+---+----+-------+---+---+---------------+ 
IPTEIDISpl vectorlTCEIKTLI 
10101 0 I 0 I 3 I 

+---+---+----+-------+---+---+---------------+ 

1 1 111 
o 3 4 2 3 459 

22 33 
89 01 

+----+---------+---+---+-----+---------+--+--+ 
STATUSB2 I FPC I 

I 0 I 
TE I CBAI CBBI EF I 
o I 0 I 0 I 0 I 

Icci 
10 I 

+----+---------+---+---+-----+---------+--+--+ 

o 
22233 
7 8 9 0 1 

+-------------------------------+--+---+---+-+ 
STATUSCl DOC IXMIICSIDPFIII 

STATUSC2 

o I 01 0 I 0 101 
+-------------------------------+--+---+---+-+ 

o 
1 1 
5 6 

3 
1 

+--------------------+-----------------------+ 
urn 
o 

+--------------------+-----------------------+ 

o 123 
3 
1 

+-+---+--------------------------------------+ 
STATUSD I I DRL I 

I I 0 I 
REVCODE 

+-+---+--------------------------------------+ 
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+-----------------------------------------+--------------------+ 
HP/3000 MODE CHAPTER 10 

+-----------------------------------------+--------------------+ 

10.1 INTRODUCTION 

A ~ode of execution is available which provides the software 
architectural environAent of the HP/3000 syst~. This is called 
(HP/3000) COMPATIBILITY Node to distinguish it frON the no~al 
NATIVE ~ode of the VISION architecture. 

The co~plete architectural definition of Co~patibility Node is 
divided into two parts: 

01/31 

First, Chapter 10 describes the relationship between Co~patibility 
and Native Node architectures. The purpose is to identify the 
specific features required of the VISION architecture to allow the 
existence of Co~patibility ~ode in a ~anner which does not affect 
the inherent integrity of Native ~ode operations. Discussions 
progress frON a generalized overview of the CONpatibility and 
Native Node environAents to the actual detail descriptions of the 
Nanner by which SysteN and Task control structures of Co~patibility 
~ode are iAple~ented and ~anaged using the VISION architecture. 

Second, the addend~ to the ACD titled 'HP/3000 Co~patibility Mode' 
continues the description of Co~patibility Mode but froN a different 
viewpoint. It provides the cONplete details of CONpatibility ~ode 
fro~ the perspective of both User and Privileged ~ode progr~ers. 
The instruction sets, data structure fo~ats, addressing ~odes, 
traps, and environAental concepts are described. 
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10.2 ENVIRONMENTAL OVERVIEW 

The two Nodes, Native and CONpatibility, are very distinct even 
though they coexist and share access to physical resources. 
Instruction for~ats, data for~ats, and addressing ~odes are 
different. In particular, the Native ~ode architecture supports 
arbitrary byte alignAent, a very large address space, and a nONinal 
four-byte word size, while the CONpatibility Node architecture 
requires word alignAent, has aAoderate size address space, and 
uses a two-byte word size. 

The differences are so extensive that each Node is considered to be 
an independent architectural Nodel designed to support and execute 
User prograAS in a particular Nanner. This results in the task 
(process) ~odel being different in each ~ode. To switch execution 
fro~ one ~ode to the other is conceptually equivalent to a process 
switch. 

The priAary objective of CONpatibility Node is to provide an 
execution environment for User Node prograAs identical to that on the 
HP/3000 syst~. A secondary objective is to provide an execution 
environAent for Privileged Node code subject to the condition that 
there is guaranteed protection against Native Node structures being 
accessed directly fro~ Co~patability ~ode code. To achieve this 
level of security could mean that the privileged ~ode set of 
instructions available in CONpatibility Node are a subset of that 
in the HP/3000 syst~. These objectives are acco~odated as follows: 

On HP/3000 syst~ two types of addressing are provided: 

* Addressing into segAented code and data structures is the Nost 
co~on fo~. In User Node it is the only type and is fully 
bounds checked. In Privileged ~ode it is not always bounds 
checked. 

* Absolute addressing is allowed only in Privileged Node with 
absolutely (l) no checks. 

Co~patibility Node provides both types of addressing but does so 
with full protection against unwarranted access into Native ~ode 
by encapsulating the CONpatibility Node environAent (address space) 
using the Native Node ODT structures. The fo~ats of CONpatibility 
Node ODT descriptors are identical to Native Node ODT fOrNats. 
Consider 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 rohich 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. Vieroed 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 betroeen the absolute addresses used by 3000 
Compatibility mode and the real main memory addresses. 

So noro, instructions can be executed safely, but horo are the 
Native task and Compatibility process environments related? 
hlithin a logical task domain, there may exist the need to execute 
in both execution modes(in a serial manner, not in parallel). 
In such a case, troo physical tasks/processes are apparent? one 
for each mode having unique code and data (stack included) 
structures. The common shareable element is the single Hardroare 
Task Control Block (TCB). Switch mode instructions are provided 
in both modes to alloro an environment sroitch to occur to the 
other mode. Even though execution sroitches back and forth betroeen 
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 rohich 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 rohich 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 = 0 
STATUSC. XM = 1 

Native mode 
Compatibility mode 

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

07/31 

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

* CST - 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 hardroare 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 O. 
The QDT entries are of type 4 or 5 'HP3000 mode code object'. 

A CST number from Compatibility mode is converted into the 
appropriate QDT entry by locating the base of the CST block in QDT 
(group 0) and indexing through the DDT 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 DDT 
for group 0 corresponding to CST O. 

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 noro protected in dedicated memory from unwarranted softroare 
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 roill cause a 'CST Violation' trap 
to occur. 
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10.3.2 OS! - Data Segment Table 

The DST is a contiguous block of entries in the ODT for group O. 
The DDT entries are of type 3 'Data' object. 

A DST number fro~ Co~patibility ~ode is converted into the 
appropriate ODT entry by locating the base of the OST block in ODT 
(group 0) and indexing through the ODT entries using the DS! number. 

The Base and Length of the DST are defined at system initialization 
t~e 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 O. 

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

They are now protected in dedicated ~e~ory fro~ unwarranted 
software access. Hardware uses the~ to locate the DS! and perfo~ 
bounds checking on the OST index. An explicit reference to OS! 0 
will cause a 'DS! 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 ~e~ory to Co~patibility ~ode instructions. 

The ABS is defined at syste~ initialization time and the ODT entry 
used is the ODT entry equivalent to OS! 0 which is inaccessible to 
instructions but readily available to hardware. The absence of a 
DS! will cause all absolute addressing to fail and generate an 
'Absolute Address Violation' trap. 

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

o <= ABS size < 128KB 

Several instructions require Systero 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 do~ain defined by the CSTX concept in HP3000 
Co~patibility ~ode is emulated in Native mode as follows: 

The CSTX is a contiguous block of entries in the ODT for group 0 
which 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 DDT entry (see Section 4.10). 

The CSTX contains 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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Interrupt Stack Marker 

07/31 

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. 

+---------------------------+ 
X register (16) 

+---------------------------+ 
P-PB (16) 

+---------------------------+ 
STATUS (16) 

+---------------------------+ 
Q. INT-- > I DELTA Q I (16) 

+---------------------------+ 
I I 
I compatibility/ I 

native mode 
mailbox 

+---------------------------+ 
DB.DST I (16) 

+---------------------------+ 
DB. OFFSET I (16) 

+---------------------------+ 
DL.OFFSET I (16) 

+---------------------------+ 
Z.OFFSET I (16) 

+---------------------------+ 
STATUSB I (64) 

+---------------------------+ 
S.INT-->I (S.INT - Q.INT) I (16) 

+---------------------------+ 
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1) The number in parenthesis following each box reflects the 
appropriate number of bits of specification. 

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

3) 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. 

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

5) STATUSB is the current STATUSB register contents. 

07/31 

6) 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 TCB contents kno~n to Hard~are 

The additional information required in the TCB by the hard~are 
to support Co~patibility ~ode instructions and the special 
instructions in Native roode to interface ~ith Coropatibility roode 
are specified belo~. 
See Section 5.8 for co~plete TCB details. 

CSTX - CSTX descriptor (see 10.4.1) 

XM 

SN 

SC 

SMIP 

- ~ode of execution of the task 
= 0 Nathe mode 
= 1 Co~patibility ~ode 
1 bit ) 

- logical address of top-of-stack of Native stack 
~hen capped by an interrupt stack marker - it 
points to the next byte follo~ing the interrupt 
marker. 
( 64 bits ) 

- logical address of top-of-stack of Compatibility 

stack ~hen capped by an interrupt stack ~arker -
- it points to the last 16-bit ~ord of the 

interrupt stack ~arker. 
( 64 bits ) 

- switch in progress flag. 
( 1 bit) 
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10.5 MODE SMITCHING 
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Mode switching refers to the operations mhich affect the execution 
~ode flag XM in the STATUSC register. 

STATUSC. XM = 0 
STATUSC. XM = 1 

Native ~ode 
Co~patibility ~ode 

Native mode instructions and/or operations mhich can initiate a 
smitch to Compatibility mode are: 

IEXIT 
SMITCH 
RSlJITCH 

Compatibility mode instructions and/or operations which can cause 
a switch to Native ~ode are: 

SYT 
RSldT 
DISP 
External Interrupts 
ICS Internal Interrupts 

The following operations cause a transfer of execution to the ICS, 
in Native ~ode, fro~ both Native and Compatibility ~odes. 

DISP 
External Interrupts 
ICS Internal Interrupts 

The impact of the t~o modes, Native and Compatibility, on the above 
declared instructions is discussed belo~. 
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10.5.1 COApatibility Mode Instructions 

10.5.1.1 DISP 

This instruction is used to enter the Dispatcher directly froA 

07/31 

the COApatibility Aode process environment. 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 = 0 
then STATUSC.DRF '= 1 
else 

begin 
'PUSH2' X; 
'PUSH2' P-PB; 
• PUSH2' STATUS' 
• PUSH2' (S-Q+2) [0 .. 14] 
Q '= S' 
'PUSH2~ DB.DST; 
'PUSH2' DB.OFFSETj 
'PUSH2' DL.OFFSETj 
'PUSH2' Z.OFFSET; 

PUSH8 STATUSB j 
'PUSH2' S-Q+2; 
TCB.SC := S; 
STATUSC.ICS := 1; 
STATUSC.DPF := 0; 
execute_case_2_of_IEXITj 
end; 
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10.5.1.2 SIdT 

07/31 

The SUI instruction provides a switch of the execution environment 
of a process frOA COApatibility Node directly to Native Aode. 
The COApatibility Aode stack is capped with an Interrupt Stack 
Marker, the appropriate Aode flags changed, and control passed to 
the Native ShlITCH trap routine on the Native Aode stack which 
executes above the previous interrupt stack Aarker. 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"INSShlITCH" 
else 

begin 
'PUSH2' X; 
'PUSH2' P-PB; 
• PUSH2' STATIJS' 
'PUSH2' (S-Q+2i [0 •• 14]; 
Q := S; 
'PUSH2' DB.DST; 
'PUSH2' DB. OFFSET; 
'PUSH2' DL.OFFSET; 
'PUSH2' Z.OFFSET; 

PUSH8 STATIJSB; 
'PUSH2' S-Q+2; 
TCB.SC := S; 
TCB.XM := 0; 
TCB.ShlIP := 1; 
execute_case_1_of_IEXITj 
end; 
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10 . 5.1. 3 RstJI 
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The RstJI is the reverse operation to a corresponding SWITCH 
instruction ~hich occurred from Native mode and basically returns 
execution control back onto the Native mode stack environment. 
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 TrapIINSSWITCH" 
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 environment of a process is determined first by the 
PM flag, indicating Native or Compatibility mode, and then by 
the SWIP 'switch in progress' flag to either trap to the SWITCH 
Trap routine or just perform a normal launch of the process by 
by reestablishing the registers from the interrupt stack marker. 
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10.5.2.3 SWITCH 

The SWITCH instruction provides a switch of the execution 
environment of a process fro~ Native ~ode directly to 
Co~patibility roode. The Native roode stack is capped with an 
Interrupt Stack Marker, the appropriate ~ode flags changed, and 
control passed to the Co~patibility SWITCH trap routine on the 
Coropatibility roode stack which executes above the previous 
interrupt stack ~arker. 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" INSS'lJITCH" 
else 

begin 
PUSH_INTERRUPT_MARKER; 
TCB.SN : = S; 
TCB.XM := 1; 
TCB.SWIP := 1; 
execute_case_1_of_IEXIT; 
end; 
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10.5.2.4 RSWITCH 

• 
07/31 

The RSWITCH is the reverse operation to a corresponding SWT 
instruction which occured fro~ Co~patibility ~ode and basically 
returns execution control back onto the Coropatibility roode stack 
environment. The Native ~ode stack is flushed to leave the old 
interrupt stack ~arker, the process ~ode flag set to Co~patibility 
roode, and a relaunch of the Coropatibility roode process occurs. 

This instruction requires Ring level 1. 

if STATUSC.ICS = 1 or STATUSC.IE 0 
then Trap"INSS'lJITCH" 
else 

begin 
S := Q+120; 
TCB.SN : = S; 
TCB.XM := 1; 
execute_case_1_of_IEXIT; 
end; 
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10.6 PROTECTION 

The details of protection are integrated ~ith those of Native 

07/31 

mode objects in Chapter 2. In particular, refer to the discussion 
on object types and object access rights. 

10.7 IMPLEMENTATION NOTES 

1. All Compatibility mode objects, code and data segroents, are 
assumed by hard~are to be aligned on an even byte boundary. 
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+------------------------------~--------------+----------------+ 

SORTED LIST OF INSTRUCTIONS APPENDIX 

+-------------":"-------------------------------+----------------+ 

Section Inst.ruction 

ABSt source.r, destination.~ 
ADDt tern. r, SUIIl. ru 
ADDtD tern.r, sum.ru 
AND4 roask.r4, operand.ru4 
ASLt shiftcount.rl, operand.ru 
ASRt shiftcount.rl, operand.ru 
BADD4 tern.r4, dest.b 
BCMP4 sourcea.b, sourceb.r4 
BCMP8 sourcea.b, sourceb.r8 
BGET4 source.b, dest.m4 
BGET8 source.b, destination.m8 
BMOVE8 souree.b, dest.b 
BMOVEADR sQurce.ro, dest.b 
BPOP8 .. dest.b 
BPUSH8. source. b 
BREAK pararoeter.r4 
BRX loi.r4 
BR{GLEU} target.r4 
BSET4 source.r4, dest.b 
BSET8 source.ra, dest.b 
BSUB4 tern.r4, dest.b 
BTEST8 source.b 
CALL target.r4 
CALLX loi;r4 
CHECKA pararoeter.r4 
CHECKB pararoeter.r4 
CHECKHI source.r4, hibound.r4 
CHECKLO source.r4, lobound.r4 
CHNOP 
CIS channel.rl, status.rl 
CLRMR rorseleet.rl 
CMPB fillchar, 19tha, srea, 19thb, srcb, index 
CMPC length.r4, stringa.ro, stringb.ro, index.m4 
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6.2.2.6 
6.2.2.1 
6.3.3.1 
6.2.3.1 
6.2.3.7, 
6.2.3.9 
6.2.5.9 
6.2.5.11 
~.2.5.12 
6.2.5.5 
6.2.5.1 
6.2.5.4 
6.2.5.3 
6.2.5.8 
6.2.5.7 
6.2.6.7 
6.2.6.4 
6.2.6.1 
6.2.5.6 
6.2.5;2 
6.2.5.10 
6.2.5.13 
6.2.6.2 
6.2.6.3 
6.2.6.10 
6,.2.6.11 
6.2.6.13 
6.2.6.12 
6.5.1.2.1 
6.5.1.2.9 
6.4.6.1 
6.2.4.10 
6.2.4.3 
6.2.4.11 
6.2.4.1 
6.3.3.5 
6.3.3.17 
6.3.3.18 
6.3.3.11 
6.3.3.12 

CMPT table, fillehar, 19tha, srea, 19thb, sreb, index 
CMPt souree1.r, source2.r 
CMPtD soureea.r, sourceb.r 
evAD length.rl, source.r, dest.m 
evDA length.rl, souree.r, dest.~ 
evDI length.rl, source.r, dest.m8 
evID length.rl, source.r8, dest.m 
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6.2.S.5 
6.2.S.7 
6.2.1.15 
6.2.9.1 
6.2.9.6 
6.2.2.4 
6.3.3.4 
6.2.9.1S 
6.2.1.6 
6.2.1.12 
6.2.9.2 
6.2.6.S 
6.2.6.5 
6.2.1.14 
6.3.3.14 
6.2.S.8 
6.2.8.6 
6.2.9.11 
6.2.9.S 
6.5.1.1.1 
6.2.9.3 
6.5.2.1.3 
6.5.2.1.2 
6.5.2.1.1 
6.4.5.7 
6.2.9.7 
6.4.6.3 
6.4.5.2 
6.2.3.5 
6.2.3.6 
6.4.5.S 
6.2.2.8 
6.2.1.2 
6.2.1.8 
6.2.1.9 
6.2.1.10 
6.2.1.7 
6.3.3.9 
6.2.9.17 
6.2.7.1 
6.2.7.3 
6.2.7.2 
6.2.7.4 
6.2.2.3 
6.3.3.3 
6.4.6.5 
6.4.6.4 
6.4.6.6 
6.4.6.7 
6.2.2.5 

VISION ARCHITECTURE CONTROL DOCUMENT 
DO NOT COpy -- HP PRIVATE INFORMATION 

CVLAtVA operand.rol, virtaddr.wS 
CVVAtPP virtaddr.rS, ppn.w4 
DELETE wordcount.r4 
DISABLE oldi.wl 
DISP 
DIVt divisor.r, dividend.rw 
DIVtD divisor.r, quotient.rw 
DOlJN seroa.rorw4 
DPF value.r4, shiftcount.rl, mask.r4, target.rw4 
DUP wordcount.r4, value.r4 
ENABLE oidi. r1 
ERROR 
EXIT 
EXTEND wordcount.r4 
GETSIGN operand.rl, sign.w1 
GrowGDO newlength.r4 
HASH virtaddr.rS, hashindex.w4 
IDLE 
IEX!T 
IFC 
INTERRUPT pr.r4 
IOC channel.r4, control.r4 
lOR channel.r4, control.r4, data.w4 
IOU channel.r4, control.r4, data.r4 
IVB tcb.mr 
LAUNCH tcbla.r8, tcbva.r8 
LDMR mrselect.r1, source.r16 
LDVLR source.r4 
LSLt shiftcount.r1, bitfield.rw 
LSRt shiftcount.rl, bitfield.rw 
LVB tcb.mr 
MODt divisor.r, dividend.rw 
MOVEADR operand.ro, destination.wS 
MOVEBIT bitindex.r4, source.r1, bitarray.mrw 
MOVEBLR fillchar, srcl, src, destl, dest 
MOVEBRL fillchar, srcl, src, destl, dest 
MOVEC length.r4, source. ror , destination.mw 
MOVED Iength.rl, source.r, dest.w 
MOVESEMA source.r4, seroa.row4 
MOVEfSP4 selector.r1, destination.w4 
MOVEfSP8 selector.r1, destination.w8 
MOVEtSP4 selector.r1, source.r4 
MOVEtSPS selector.rl, source.r8 
MPYt factor.r, product.rw 
MPYtD factor.r, product.rw 
MRAND mrasleect.r1, mrbselect.r1 
MRNOT rorselect.r1 
MROR mraselect.r1, mrbselect.r1 
MRXOR roraselect.r1, rorbselect.r1 
NEGt source.r, destination.w 

a2 
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6.2.6.9 
6.2.3.2 
6.2.3.3 
6.3.3.15 
6.5.1.2.5 
6.5.1.2.4 
6.2.8.4 
6.2.8.3 
6.2.2.9 
6.2.1.5 
6.5.1.2.3 
6.2.8.1 
6.2.9.4 
6.2.9.5 
6.2.1.4 
6.2.1.3 
6.4.5.6 
6.2.3.8 
6~5.1.1.4 
6~ 5.1.2.2 
6.5.1.2.6 
6.2.2.7 
6~2.1.13 
6.5.1.2.8 
6.2.9.-10 
6.4.5'.1 
6.2.4.9 
6.2.6.6 
6.5.1.2.10 
6.3.3.7 
6.3.3.8 
6.4.6.2 
6.2.9.12 
6.4.5.3 
6.2.2.2 
6.3.3.2 
6.2.9.9 
6.2.9.15 
6.2.9.13 
6.2.9.14 
6.2.4.6 
6.2.4.7 
6.2.4.8 
6.2.9.19 
6.2.4.4 
6.2.4.5 
6.2~8.2 
6.2.9.16 
6.3.3.13 
6,2.4.2 
6.3.3.6 
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NOP 
NOT4 source.r4, destination.w4 
OR4 mask.r4, operand.rw4 
OVPUNCH sign.r1, operand.rw1 
PAR response. wi 
PDA response.w1 
PDDEL ppn.r4 
PDINS ppn.r4 
POLYt degree.r1, polyn.mr, operand.rw 
POPt destination.w 
PRD response.w1 
PROBE ring.r1, access.r1, address.ra, length.r4 
PSDB 
PSEB 
PUSHADR operand. m ' 
PUSHt source.r 
PUVCSA tcb.Ar 
QUAD4 source.r4,destlnation.w4 
RBYTE data.w1 
RCL response.w1 
RDP, channel.rl, dest,w16, length.wI 
REMt divisor.r, dividend.rw 
REP wordcount.r4, value.r4, operand.Rw 
RIS channel.rl, status.wI 
RSUITCH 
RVLR 
SCANUNTIL charset.mr, string.mr, index.rw4 
SEXIT 
SIS channel.r1, status.rl 
SLD 90unt.r1, length.r1, source.r, dest.w 
SRDcount.r1, lenght.rl, source.r, dest.w 
STMR'mrselect.r1, destination.w16 
STOP 
STVLR dest.w4 
~Bt terA.r, difference.rw 
SUBtD terA.r, difference.rw 
SUITCH 
SYNCIB operand.mc, length.r4 
SYNCOD loi. r4 
SYNCTCB tcb.rS 
TESTA 
TESTB 
TESTBIT bitindex.r4, bitarray.mr 
TESTDOlJN sema.mrw4 
IESTLSB source.r1 
TOOP\' 
TESTREF va.rS 
TESTSEMA sema.mrw4, result.w4 
TESTSTRIP operand.rwl 
TESTt source. r 
TESTtD source.r 

.'.~ 
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6;2.1.11 
6'.2.7.5 
6.2.7.6 
6.2.9.20 
6;4.5.5 .' 
'6.4.2.7' 
0.4.4.3 
6.4.4.2 
6:4.2.2 
6.3.3.10 
6.3.3.16 
6.4.3.1 
6.4.2.12 
6.4.2.13 
6.4.4.1 
6.4.4.8 
6.4.7.1 
6.4.2.5 
6.4.4 •. 9, 
6.4.4.6 
6.4'04.10 
6.4;4.7 
6.4.5.4 
6.4.2.10 
6.4.2.11 
6.4.4.4 
6.4.4.5 
6.4.2.9 
6.4,;2.~ 
6.4.2,.4 
6.4.2.6 
6.4,3.2 
6.4.2.8 
6.4.'l.li 
6.4~2.3 
6.4.3.3 
6.5.1.1.3 
6.5.1.1.2 
6.5.1.2.7 
6.2~3.4 

VISIoN ARCHITECTURE CONTROLbO~ 
DO Ncr! COpy -- tip PRIVATE INFORMATION 

TRANSL table. lIlr , length.r4, source.lIlr, dest.lIlw 
TRY 
UNTRY destination.w4 
UP sellla.lIlru4 
UVCSA 
VABSt vqual.r1, souree.vr, .abs.w 
VACCDt vqual. r1, tel11ls.vr, SUlIlrtl1 

VACCt vqua1.r1, te~s.vr, SUlIl.rw 

VADDt vql.lal.rl, terllla.vr, ternb.vr; SUl'Il.VIII 
VALD length.r1, operand.rw 
VALN length.r1, open~nd.ru 
VAND4 vqual.r1, facta.v!, factb.vr, and.VIII 
VASLt vqual.r1, shiftcount.vr, target.vw 
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VASRt vqual.rl, shiftcount.vr, target.VIII 
VCMPt,vqual.r1, field.rl, srea.vr, srcb.vr, Plrsel.rl 
VCOMPRSt vqual.rl, te~~.vr, eo~pressed.vw 
VCONVERT vqual.rl, typer.rl, source.vr, dest.vw 
VDIVt vqual.rl, divd.vr,divsr.vr, quot.w 
VEKPNDt vqual. r 1, tetlllS. vr ~ expanded. VIII 

VEKTt vqual.rl, tel11ls.vr, lndex.r"value.1IJ , 
VGATHt vqual. rl, s~urce. vr, index. VI', destination.'vtiJ, 
VINSt vqual.rl, terllls.vw, indeK.r,newal.r 

'VINVAL vrl1lask.r1 
VLSL t vqual. rl, shlrtcount. vr, target. vru 
VLSRt vqual.rl, shifteount.vr, target.vr.1lJ 
VMAKELt vqual.rl, terRs.vr, l1laxind.w4 
VMINELt vquaLrl, terllls.vr, l1linind.w4 
VMODt vqual.ri, divd.vr, divsr.vr, lIlod.vw 
VMOVEt vqual.rl, source. vr, dest,. vw . 
VMPYt "qual. rl', facta. v.r, faetb ,'vr, prod~ vw 
VNEGt vqual. rl, source. vr, neg.w 
VOR:4 . vqual.rl, terRa.yr, terRb.vr, or.w 
'IeEMt vqual.rl, divd,vr, divsr.vr, relll.vw 
VSCATt vqual.rl, souree.vr, index.vr, destination.vw 
ySUBt vq\lal.rl, terJlla. vr, ternb. vr, diff. VIII 
YXOR4 vq\lal~rl, terna.vr, ternb.vr, xar.W 
~BYTE data.tl, end.rl 
tJCMD CO~a.hd.rl 
TJPP ch$.nnel.rl,:9ata.r16, length.ru1 
XOR4 lIlask. r4, operand. ru4 

a4 


