













































































































































































































































































































































































































































































































































































































































































































































































































































































iAPX U432 GDP Operator Set

NEGATE SHORT REAL NEG_SR
ID# Operands Opcode Reference Format Class
1 2 3
119 sr sr - 1101 varies varies 1100

The negated value of short-real operand 1 1is stored in short-real

AT AW A

A 2
uycl atliu e

ABSOLUTE VALUE SHORT REAL ABS SR
ID# Operands Opcode Reference Format Class
1 2 3 o
120 sr sr - 0011 varies varies .~ 1100

The absolute value of short-real operand 1 is stored in short-real

operand 2.
EQUAL SHORT REAL EQL_SR
ID# Operands Opcode Reference Format Class
1 2 S
121 sr sr i b 011 varies varies 001011

A short-real comparison is made between operand 1 and operand 2.
If they are equal, the boolean result is TRUE. Otherwise, the
result is FALSE. The boolean result is stored in operand 3.

EQUAL ZERO SHORT REAL EQZ_SR
ID# Operands Opcode Reference Format Class
1 2 3
122 | sr | b - 101 varies varies 001001

A short-real comparison is made between operand 1 and a short-real
value of zero. If they are equal, the boolean result is TRUE.
Otherwise, the result is FALSE. The boolean result is stored in

operand 2.
LESS THAN SHORT REAL LSS SR
ID# Operands Opcode Reference Format Class
1 2 3
123 | sr sr { b 0111 varies varies 001011

A short-real comparison is made between operand 1 and operand 2.
If operand 1 is less than operand 2, the boolean result is TRUE.
Otherwise, the result is FALSE, The boolean result is stored in
operand 3.
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LESS THAN OR EQUAL SHORT REAL LEQ_SR
ID# Operands I Opcode Reference Format Class
1 2 s
124 § sr { sr | b I 1111 varies varies 001011

A short-real comparison is made between operand 1 and operand 2.
If operand 1 is less than or equal to operand 2, the boolean result
is TRUE. Otherwise, the result is FALSE. The boolean result is
stored in operand 3.

POSITIVE SHORT REAL PTV_SR
|~ 1DF Operands : Opcode Reference Format Class
1 2 S
125 sr | b - 011 varies varies 001001

If short-real operand 1 1is positive (greater than zero), the
boolean result is TRUE. Otherwise, the result is FALSE. The
boolean result is stored in operand 2. Note that the result is
FALSE if operand 1 is zero.

NEGATIVE SHORT REAL NTV_SR
ID# Operands Opcode Reference Format Class
1 2 Bl |
126 | sr | b - 111 varies varies 001001

If short-real operand 1 is negative (less than zero), the boolean
result is TRUE. Otherwise, the result is FALSE. The boolean
result is stored in operand 2.

CONVERT SHORT REAL TO TEMPORARY REAL CVTI_SR_TR
ID# Operands Opcode Reference Format | Class
1 g 2 g 3
127 sr | tr - 11 varies varies 011001

Short-real operand 1 is converted without loss of precision to
temporary-real operand 2. The settings of the Rounding Control
bits and of the Precision Control bits have no effect on the value
of the result.
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REAL OPERATORS

During the execution of instructions using these real operators, if
rounding is required to produce the final result, the type of rounding
used 'is determined by the setting of the Rounding Control bits (in the
Context Status field). Where noted in the operator deseriptions, the

precision maintained in temporary-real results is determined by the
setting of the Precision Control bits (in the Context Status field).

The following data operator faults are recognized by the processor
during these real instructions: Overflow, Underflow, Inexact, and
Domain Error. See the Fault and Trace Reference chapter for details

about which of these faults can be raised by specific real
instructions, *

MOVE REAL MOV_R
ID# Operands Opcode Reference Format Class
1 2 3t
128 | r r - 00 varies varies 000101

Real operand 1 is copied to real operand 2. Using the operand
stack for operand 1 results in the classical POP stack operation,
and using the operand stack for operand 2 results in the classical
PUSH stack operation. Using the operand stack as both operand 1
and operand 2 results. in no change.

ZERO REAL . ZRO_R
ID# Operands Opcode Reference Format Class
1 2 S
129 | r - - 0 varies varies 001110

A real value of zero is stored in real operand 1.

SAVE REAL SAV_R
ID# Operands Opcode Reference Format Class
1 2 3
130 1 r - - 1 varies varies 001110

The real operand on top of the operand stack is read, without
adjusting the stack, and copied to operand 1. Using the operand
stack for the operand 1 destination results in an operand stack in
which the top two real entries contain the same value.
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ADD REAL ADD R
ID# Operands Opcode Reference Format Class
1 2 3=
131 r r tr 00 varies varies 100111

Real operand 1 is added to real operand 2 to produce temporary-real
operand 3. The settings of the Rounding Control bits and the
Precision Control bits specify the type of rounding that is used
and the precision to which the result is rounded.

ADD TEMPORARY REAL TO REAL ADD TR R
ID# Operands Opcode Reference Format Class
1 2 3
132 § tr r tr 00 varies varies 001111

Temporary-real operand 1 is added to real operand 2 to produce
temporary-real operand 3. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.

ADD REAL TO TEMPORARY REAL ADD R TR
ID# Operands Opcode Reference Format Class
1 2 S
133 r tr tr 00 varies varies 010111

Real operand 1 is added to temporary-real operand 2 to produce
temporary-real operand 3. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.

SUBTRACT REAL SUB_R
ID# Operands Opcode Reference Format Class
1 ?: 3o
134 | r r tr 10 varies varies 100111

Real operand 1 is subtracted from real operand 2 to produce
temporary-real operand 3. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.
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SUBTRACT TEMPORARY REAL FROM REAL SUB_TR R
ID# Operands Opcode Reference Format Class
1 2 et
135 tr r tr 10 varies varies 001111

Temporary-real operand 1
produce temporary-r

eal

operand 3.

is subtracted from real operand 2 to

The settings of the Rounding

Control bits and the Precision Control bits specify the type of

rounding that is used and the precision to which the result is
rounded.

SUB_R_TR

SUBTRACT REAL FROM TEMPORARY REAL
ID# Operands Opcode Reference | Format Class
i 2 Fomme
136 | r tr | tr 10 varies varies 010111

Real operand 1 1is subtracted from temporary-real operand 2 to
produce temporary-real operand 3. The settings of the Rounding
Control bits and the Precision Control bits specify the type of
rounding that is used and the precision to which the result is
rounded.

MULTIPLY REAL MUL R
ID# \ Ope:andso Opcode Reference Format Class
137 ; | ”; §:== _ 01 varies varies 100111

Real operand 1 is multiplied by real operand 2 to produce

temporary-real operand 3. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.

MULTIPLY TEMPORARY REAL BY REAL MUL TR R
ID# Operands Opcode Reference Format Class
1 2 g—
138  tr | r tr 01 varies varies 001111

Temporary-real operand 1 is multiplied by real operand 2 to produce
temporary-real operand 3. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.
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MULTIPLY REAL BY TEMPORARY REAL MUL R_TR
1ID# Operands Opcode Reference Format Class
1 2 3o
139 § r tr { tr 01 varies varies 010111

Real operand 1 is multiplied by temporary-real operand 2 to produce
temporary-real operand 3. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.

DIVIDE REAL DIV R

ID# Operands Opcode Reference Format Class
1 2 3
140 { r r tr 11 varies varies 100111

Real operand 1 is divided into real operand 2 to produce a quotient
that is stored in temporary-real operand 3. The settings of the
Rounding Control bits and the Precision Control bits specify the
type of rounding that is used and the precision to which the result
is rounded.

DIVIDE TEMPORARY REAL INTO REAL DIV TR R
ID# Operands Opcode Reference Tormat Class
1 2 S
141 J tr l r tr 11 varies varies 001111

Temporary-real operand 1 is divided into real operand 2 to produce
a quotient that is stored in temporary-real operand 3. The
settings of the Rounding Control bits and the Precision Control
bits specify the type of rounding that is used and the precision to
which the result is rounded.

DIVIDE REAL INTO TEMPORARY REAL DIV_R_TR
ID# Operands Opcode Reference Format Class
1 2 RE
142 | r tr tr 11 varies varies 010111

Real operand 1 is divided into temporary-real operand 2 to produce
a quotient that is stored in temporary-real operand 3. The
settings of the Rounding Control bits and the Precision Control
bits specify the type of rounding that is used and the precision to
which the result is rounded.
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NEGATE REAL

NEG_R
ID# Operands Opcode Reference Format Class
i 2 S
14 r r - 10 varies varies 000101

The negated value of real operand i is stored in real operand 2.

ABSOLUTE VALUE REAL

ABS R
[ ID# Operands Opcode Reference Format Class
1 2 3
144 1 r r - 01 varies varies 000101

The absolute value of real operand 1 is stored in real operand 2.

EQUAL REAL

EQL R
ID# Ope:ands Opcode Reference Format Class
145 l ; g-. 0 varies varies 000111
A real comparison is made between operand 1 and operand 2. If they

are equal,

the boolean result is TRUE.

Otherwise,

FALSE. The boolean result is stored in operand 3.

N~

Lw

the result is

n
n

Operands Opcode Reference | Format Class
2 S
146 | r b - 0 varies varies 111001

A real comparison is made between operand 1 and a real value of
Otherwise,

Zero.

If they are equal,
the result is FALSE.

the boolean result is TRUE.
The boolean result is stored in operand 2.

LESS THAN REAL L3S R
ID# Operands Opcode Reference Format Class
1 2 3
147 | r r b 01 varies varies 000111

A real comparison is made between operand 1 and operand 2. If

operand 1 is less than operand 2, the boolean result is TRUE.
Otherwise, the result is FALSE. The boolean result is stored in
operand 3.
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LESS THAN OR EQUAL REAL LEQ R
ID# Operands Opcode Reference Format Class
1 2 3 e
148 r r b 11 varies varies 000111

A real comparison is made between operand 1 and operand 2. If
operand 1 is less than or equal to operand 2, the boolean result is
TRUE. Otherwise, the result is FALSE. The boolean result is
stored in operand 3.

POSITIVE REAL PTV R
ID# Operands Opcode Reference Format Class
1 2 3o
149 | r b - 01 varies varies 111001

If real operand 1 is positive (greater than zero), the boolean
result is TRUE. Otherwise, the result is FALSE. The boolean
result is stored in operand 2. Note that the result is FALSE if
operand 1 is zero.

NEGATIVE REAL NTV_R
ID# Operands Opcode Reference Format Class
1 2 Sd
150 | r b - 11 varies varies 111001

If real operand 1 is negative (less than zero), the boolean result
is TRUE. Otherwise, the result is FALSE, The boolean result is
stored in operand 2.

CONVERT REAL TO TEMPORARY REAL CVT_R_TR
ID# Operands Opcode Reference Format Class
1 2 S
151 r tr - none varies varies 100101

Real operand 1 1is converted without 1loss of precision to
temporary-real operand 2. The settings of the Rounding Control
bits and of the Precision Control bits have no effect on the value
of the result.
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TEMPORARY-REAL OPERATORS

During the execution of instructions wusing these temporary-real
operators, if rounding is required to produce the final result, the
type of rounding used is determined by the setting of the Rounding
Control bits (in the Context Status field). Where noted in the
operator descriptions, the precision maintained in temporary-real

results is determined by the setting of the Precision Control bits (in
the Context Status field).

The following data operator faults are recognized by the processor
during these temporary-real instructions: Overflow, Underflow, Inexact,
and Domain Error. See the Fault and Trace Reference chapter for

details about which of these faults can be raised by specific
temporary-real instructions.
MOVE TEMPORARY REAL MOV_TR
ID# Operands Opcode Reference Format Class
1 2 Cl— ,
152 L tr ] tr | - 00 varies varies 101101

Temporary-real operand 1

stack operation, and using the operand
in the classical PUSH stack operation.

is copied to temporary-real operand 2.
Using the operand stack for operand 1 results in the classical POP

stack for operand 2 results
Using the operand stack as

both operand 1 and operand 2 resulits in no change.
ZERO TEMPORARY REAL ZRO_TR
ID# Operands Opcode Reference Format Class
1 2 S
153 { tr | - - o varies varies 101110
A temporary-real value of zero is stored in operand 1.
SAVE TEMPORARY REAL SAV_TR
ID# Operands Opcode Reference Format Class
1 2 S
154 tr | - - 1 varies varies 101110

The temporary-real operand on top of the operand stack is read,
without adjusting the stack, and copied to operand 1. Using the
operand stack for the operand 1 destination results in an operand

stack in which the top two temporary-real operands contain the same
value. "
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ADD TEMPORARY REAL ADD TR
ID# Operands Opcode Reference Format Class
1 2 3
155 § tr | tr | tr 00 varies varies 011111

Temporary-real operand 1 is added to temporary-real operand 2 to
produce temporary-real operand 3. The settings of the Rounding
Control bits and the Precision Control bits specify the type of
rounding that is used and the precision to which the result is

rounded.
SUBTRACT TEMPORARY REAL SUB_TR
ID# Operands Opcode Reference Format Class
1 2 S
156 | tr | tr | tr 10 varies varies 011111

Temporary-real operand 1 is subtracted from temporary-real operand
2 to produce temporary-real operand 3. The settings of the
Rounding Control bits and the Precision Control bits specify the
type of rounding that is used and the precision to which the result
is rounded.

MULTIPLY TEMPORARY REAL MUL_TR
ID# Operands Opcode Reference Format Class
1 2 3
157 { tr L tr | tr 01 varies varies 011111

Temporary-real operand 1 is multiplied by temporary-real operand 2
to produce temporary-real operand 3. The settings of the Rounding
Control bits and the Precision Control bits specify the type of
rounding that is used and the precision to which the result is

rounded.
DIVIDE TEMPORARY REAL DIV_TR
ID# Operands Opcode Reference Format Class
1 2 S
158 ] tr | tr | tr 011 varies varies 011111

Temporary-real operand 1 is divided into temporary-real operand 2
to produce a quotient that is stored in temporary-real operand 3.
The settings of the Rounding Control bits and the Precision Control
bits specify the type of rounding that is used and the precision to
which the result is rounded,
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REMAINDER TEMPORARY REAL REM_TR

ID# Opcode Format

Operands Reference

Vel 3—-

tr tr

Class

a
I

tr

159 111 varies varies 011111

Division is performed using temporary-real operand i1 as the divisor

and temporary-real operand 2 as the dividend
temporary-real partial remainder. Execution of this operator
causes one step of the division algorithm to be performed. It can
be iterated until a fixed number of division steps have been
performed or until a partial remainder whose absolute value is less
than the absolute value of the divisor is generated. In the latter
case, that partial remainder is the true remainder of the division
operation. If the result is not the true remainder, no rounding is
done. In either case the partial remainder generated by the last
division step is stored in temporary-real operand 3 with the same
sign as that of operand 2. The remainder or partial remainder
generated is always exact. This operator performs only the inner
loop operation of the remainder function., See the Computational
Data Types chapter in Part One of this manual for more information
about how to calculate the true temporary-real remainder.

to produce a

LAROAS LV L84

NEGATE TEMPORARY REAL NEG_TR
ID# Operands Opcode Reference Format Class
1 cmmpe? g S
160 | tr | tr | - 10 varies varies 101101
The negated value of temporary-real operand 1 1is stored in
temporary-real operand 2.
SQUARE ROOT TEMPORARY REAL SQT_TR
ID# Operands Opcode Reference Format - Class
1 2 3
161 ] tr | tr | - 01 varies varies 101101

The square root of temporary-real operand 1 is computed and stored
in temporary-real operand 2. The settings of the Rounding Control
bits and the Precision Control bits specify the type of rounding
that is used and the precision to which the result is rounded.

ABSOLUTE VALUE TEMPORARY REAL ABS TR
ID# Opegands Opcode Reference Format Class
162 lr Er E-l 11 varies varies 101101
The absolute value of temporary-real operand 1 is stored in

temporary-real operand 2.
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EQUAL TEMPORARY REAL EQL_TR
1D# Operands Opcode Reference Format Class
1 2 3o
163 J tr | tr | b 0 varies varies 101111

A temporary-real comparison is made between operand 1 and operand

2.

If they are equal, the boolean result is TRUE.

result is FALSE.

Otherwise, the
The boolean result is stored in operand 3.

EQUAL ZERO TEMPORARY REAL EQZ_TR
ID# Ope;ands Opcode Reference Format Class
164 lr g E- 0 varies varies 010101

A temporary-real comparison is made between operand 1 and a

temporary-real value of =zero.

If they are equal,

the boolean

result is TRUE. Otherwise, the result is FALSE. The boolean
result is stored in operand 2.
LESS THAN TEMPORARY REAL LSS_TR
ID# Operands Opcode Reference Format Class
1 2 3w
1651 tr { tr i b 01 varies varies 101111

A temporary-real comparison is made between operand 1 and operand
If operand 1

2.

TRUE.

Otherwise,
stored in operand 3.

is less than operand 2,
the result is FALSE.

the boolean result is
The boolean result is

LESS THAN OR EQUAL TEMPORARY REAL LEQ_TR
ID# Operands Opcode Reference Format Class
1 2 et
166 1 tr | tr |l b 11 varies varies 101111

A temporary-real comparison is made between operand 1 and operand

If operand 1 is less than or equal to operand 2, the boolean
result is TRUE.
result is stored in operand 3.

2.
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POSITIVE TEMPORARY REAL PTV_TR
ID# Operands Opcode Reference Format Class
1 2 pI—
167 | tr |} b - 01 varies varies 010101

If temporary-real operand ‘1 is positive (greater than zero), the

boolean result is TRUE.
boolean result is stored in operand 2.

FALSE if operand 1 is zero.

NEGATIVE TEMPORARY REAL

Otherwise, the

result is

FALSE, The
Note that the result is

NTV_TR
ID# Operands Opcode Reference | Format | Class
1 2 3t
168 | tr | b - 11 varies varies 010101

If temporary-real operand 1

boolean result is TRUE.

Otherwise,

boolean result is stored in operand 2.

the result

is negative (less than zero), the
is FALSE. The

CONVERT TEMPORARY REAL TO ORDINAL CVT_TR O
ID# Operands Opcode Reference Format Class
1 2 3=
169} tr { o - 0 varies varies 110101
Temporary-real operand 1 is converted to ordinal operand 2. The
setting of the Rounding Control bits determines type of
rounding that is used. If the rounded value is < 0 or >
4,294,967,295, the Ordinal Overflow Fault is raised.
CONVERT TEMPORARY REAL TO INTEGER CVT_TR_I
ID# Operands Opcode Reference Format Class
1 2 3
170 ] tr | i - 01 varies varies 110101
Temporary-real operand 1 is converted to integer operand 2. The
setting of the Rounding Control bits determines the type of

rounding that is used.

If the rounded value is < -2,147,483,648 or
> 2,147,483,647, the Integer Overflow Fault is raised.
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CONVERT TEMPORARY REAL TO SHORT REAL CVT_TR_SR
ID# Operands Opcode Reference I Format Class
1 2 S
171 tr sr - 11 varies I varies - 110101

Temporary-real operand 1 is converted to short-real operand 2. The
setting of the Rounding Control bits determines the type of
rounding that is used. The setting of the Precision Control bits
has no effect. If the magnitude of the rounded value is too large
to be represented as a short real, the Short Real Overflow Fault is
raised., If the magnitude of the rounded value is too small to be
represented as a short real, the Short Real Underflow Fault is

raised.
CONVERT TEMPORARY REAL TO REAL CVT_TR_R
ID# Operands Opcode Reference Format Class
1 2 S
172 J tr | r - none varies varies 001101

Temporary-real operand 1 is converted to real operand 2. The
setting of the Rounding Control bits determines the type of
rounding that is used. The setting of the Precision Control bits
has no effect, If the magnitude of the rounded value is too large
to be represented as a real, the Real Overflow Fault is raised., If
the magnitude of the rounded value is too small to be represented
as a real, the Real Underflow Fault is raised.
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OBJECT OPERATORS

SUB-OPERATOR PROCEDURES

Due to the complexity of the object operators, a more algorithmic
description of each operator's action is used in the rest of this
chapter. The following procedures are used throughout the descriptions
of the object operators. Whenever these procedures are mentioned in
the action descriptions, the procedure's action as defined below is

performed., Additional sub-~operator procedures are defined for specific

functional groups of object operators (e.g., for the process
communication operators).

Set Copied

° If the access descriptor is access-valid, set the copied bit
cf its asscciated object descriptor. Otherwise, do nothing.

Level Check

° If the specified access descriptor is access-valid, if its
Unchecked Copy Rights bit is 0, and if the level number of its
associated object descriptor is greater than the destination's
level, then raise the Level Fault. Otherwise do nothing.

Store AD

o Perform Level Check of the specified access descriptor with
that of the destination access environment. Note that if the

destination access environment is specified by a refinement,
the level number cf the base object, rather than that of the

refinement, is used in the level check.

° Read the access descriptor that is in the destination access
environment location.

° If that AD is access-valid and does not have Delete Rights,
raise the Destination Delete Rights Fault.

) Otherwise, store the specified access descriptor (setting
Delete Rights) into the <destination access descriptor
location.

Object Locking

. If the lock mode in the object lock field is 00, indivisibly
update the object lock with the lock mode and locker 1ID
specified by the operation that has invoked this procedure.

° Otherwise, wait 300 machine cycles and retry the operation.

[ If the object lock cannot be locked after 32 retries, return
from Object Locking with a status of unsuccessful,
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0D Al location

If stack allocation is specified by the operation that invoked
this procedure, allocate an object descriptor from the current
process object table.

Otherwise, for heap allocation, allocate a Free Entry from the
object table referenced by the specified SRO,

Create an image for the AD to the newly allocated object
descriptor with all access rights and with Delete Rights. If
the Allocation Level = 0, then set Unchecked Copy Rights;
otherwise clear it. Return the AD image to the operation that
invoked this procedure. :

Segment Allocation

10-64

Initialize the newly allocated OD to & storage descriptor with
the specified object type, the specified access part and data
part 1lengths, and the appropriate level, and clear the
Completed bit (in the storage descriptor) to 0 and initialize
the defining TDO as the specified TDO.

If heap allocation is specified by the operation that invoked
this procedure, a rotating first-fit algorithm is used to
search the physical storage object specified by the SRO for a
storage block of sufficient si:ze.

Otherwise, for stack allocation, the single storage block in
the current process physical storage object is used.

Alliocate from the selected storage block.

Initialize +the Base Address field 1in the new storage
descriptor to the fence address in the object that is
represented by the newly allocated segment.

If the storage block is dirty (as indicated by the Dirty bit
in the Storage Block Specifier) and the sum of the AP and DP
rounded lengths is greater than 2,304 bytes, raise the Clear
Memory Size fault. Otherwise, clear the rnew segment to zeros
and set the Completed bit in the new segment's storage

descriptor.
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BRANCH OPERATORS

If a branch reference in a branch instruction specifies a displacement,

either relative or absolute, to a point that is outside the boundary of
the object containing the target instruction, an Instruction Object

Displacement Fault occurs.

BRANCH BR
ip# Operands Opcode Refereﬁce Format Class
Dh F—B—
¥ * - - - none bref none 100110
Operation: A branch is made within the current instruction object to

the target instruction specified by a branch reference.

BRANCH TRUE BR T
ID# Operands Opcode Reference Format Class
¥ ¥ ; E E- 0 brefidref varies 1000
Operation: If the boolean value specified by operand 1 is TRUE, a

branch is made in the instruction stream within the
current 1instruction object to the target instruction
specified by a branch reference. The data reference for
operand 1 must be encoded before the branch reference in

a BR T instruction's Reference field,

BRANCH FALSE , BR F
ID# Operands Opcode Reference Format | Class
(L S—
¥ ¥ b - - 1 brefidref varies 1000
Operation: If the booclean value specified by operand 1 is FALSE, a

branch is made in the instruction stream within the
current instruction object to the target instruction
specified by the branch reference. The data reference
for operand 1 must be encoded before the branch reference
in a BR F instruction's Reference field.
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BRANCH INDIRECT BR INDIRECT

[ 1D# Operands Opcode Reference Format Class
1 2 3 e
173 so } - - 0010 varies varies 0000
Operation: Short-ordinal operand 1 is used as the new value for the

instruction pointer. This causes a branch within the
current instruction object to the instruction whose bit
displacement from the base of the object is given by

operand 1.

BRANCH INTERSEGMENT BR ISEG
ID# Operands I Opcode l*Réference Format Class
174 pw | - - l 0071 l varies varies 110110
Operation: Branches to a target instruction in a specific
instruction object in the defining domain of the current
context.
Operand 1: A packed word operand comprised of the following:
0 - 15: Contains the domain access index for the new instruction
object.
16 - 31: Contains the short-ordinal bit displacement from the base

Acticon: e

BRANCH INTERSEGMENT WITHOUT TRACE

of the new instruction object to the first bit of the
instruction where execution is to continue.

Branch to the instruction at the specified displacement

into the instruction object specified by the DAI
operand 1.

in

BR ISEG WO TRACE

ID# Operands Opcode Reference Format Class
1 2 3
175 4 pw | - - 101 varies varies 110110
Operation: 1his operator operates identically to the BRANCH
INTERSEGMENT operator with the exception that it is
immune to all trace events at the end of this
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BRANCH INTERSEGMENT AND LINK , BR_ISEG_LINK
ID# Operands ' Opcode Reference Format Class
176 | pw | pw 1011 varies § varies } 1100 |
Operation: Branches to a target instruction in a specifie

Operand 1:
0 - 15

16 - 31:

Operand 2:
0 - 15:

16 - 31:

Action: e

instruction object in the defining domain of the curren
context and stores the necessary linkage information t
allow later return.

A packed word operand comprised of the following:

Contains the domain access index for the new instruction
object.

Contains the short-ordinal bit displacement from the base
of the new instruction object to the first bit of the
instruction where execution is to continue.

A packed word operand comprised of the following:

Is used as storage for the domain access index to the
current instruction object.

Is used to store the short-ordinal bit displacement from
the base of the current instruction object to the first
bit of the instruction where execution is to continue
(i.e., the current instruction pointer).

Store the linkage information in operand 2.

) Branch to the instruction at the specified displacement
into the instruction object specified by the DAI in
operand 1.
BREAK POINT BREAKPOINT
ID# Operands Opcode Reference Format ~ Class
1 2 —
177 § - - lﬁ- none none hone 111111
Operation: Branches to bit displacement 64 in the trace instruetion

object within the current defining domain and stores the
necessary linkage information to allow later return. The
appropriate 1linkage information is stored in the Trace
DAT and Trace Instruction Pointer fields in the Trace
Control Data Area of the 'current context. A trace code
of 5 is written in the Trace Code field of this same
area.
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ACCESS DESCRIPTOR OPERATORS

COPY ACCESS DESCRIPTOR COPY_AD
1D# Operands Upcode Reference Formet - Class
178 ;s is i-—~ 0001 varies varies Q1oo ___}
Operation: Copiles an access descriptor from a specified location in

any directly accessible environment to another specitied
location in any directly accessible environment.

Operand 1: Contains an access selector for the source access
descriptor to be copied.

Operand 2: Contains an access selector for the destination access
descriptor location.

Action: e Perform Set Copied for the source AD.

) Perform Store AD of the source AD into the destination AD
location.
NULL ACCESS DESCRIPTOR NULL _AD
57 Operands Opcode Reference Format Class
179 § as | - - 1010 varies varies 0coo__ §
Operation: Logically clears a given AD location, overwriting the
previous AD in the specified location with a null AD,
Access paths using the AD in this location to reference
the object are thus disconnected from the object.
Operand 1: Contains the access selector for the destination access
descriptor location.
Action: e Perform Store AD of a null access aescriptor into the

destination AD location.
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Operator Set

TYPE AND RIGHTS MANIPULATION OPERATORS

AMPLIFY RIGHTS

ID# Operands Opcode Reference | Format Class
1 2 S
180 | as | as | = 1001 varies varies 0100
Operation: Amplifies, under control of a type control object, the

Operand 1:

Operand 2:

Acticn: e

selected rights bits 1in the
descriptor.

specified source access

Contains the access selector for a type control object.
The selected AD must have Amplify Rights.

Contains the access selector for the access descriptor
that is to be amplitfied. This source access descriptor
is both & source and a destinatioi.

If the source AD is not access valid, ao nothing for this

entire operaticn. Otherwise:

kead th:e contents of the type control object.

If the Type Test bit in the type control object is 1,

then:

. It the object type of thie source AD does not match
that contained in the type control object, raise the
Type Fault.

- If the Dynamic/Sygtem bit is 1, the Defining TD0 AD

in the socurce OD must match the Defining TDO AD in

the type contrcl object; otherwise, raise the Type

Fault.

It the AD to be amplified is changed between type testing

and amplification, perform no amplification and raise the

Race Condition Fault.

Otherwise, logically OR the Delete, Unchecked Copy, Read,

Write, and Type Rights of the TCO into their

corresponding fields in the source/cestination AD.
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RESTRICT RIGHTS RESTRICT RIGHTS
ID# : Opegands Opcode Reference Format Class
181 0 ;s E_-. 011 varies varies 101001
Operation: Restricts, under control of an ordinal bit mask, the set

of rights in the specified access descriptor.

Operand 1: Contains an orainal that has the appropriate rights bit
values that are required as a mask by this instruction.
The bits values are interpreted at the same bit offset
that they have in an AD. The mask bit offsets are as
follows:
1 - 3 Type Rights field

162 Delete Rights

17: Unchecked Copy Rights

18: Read Rights

19: Write Rights

Operand Z: Contains the access selector for the access descriptor to
be restricted, This source AD is also the destination.

Action: e If the source AD is not access valid or the Delete Rights
bit is 0, do nothing.
3 Otherwise, clear the rights bit in the source/destination

AD provived that the corresponding rights bit is 1 in
cperand 1.
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RETRIEVE TYPE DEFINITICN RETRIEVE_TYPE DEF
ID# : Opegandsﬁ Opcode Reference Format Class

l 182 | as ;s if— 0101 varies | varies 0100

Operaticn: Retrieves the type definition object associated with an

dynamic-type or system-type object.

Operand 1: Contains the access selector for the dynamic-type or
system-type object.

Gperand 2: Contains the access selector for the destination access
descriptor location.

Action: e If the source AD is not access-valid, raise the Source AD
Velidity {ault.
® If the object type of the source OD is generic, use the

generic TDO AD (specified in the processor object) as the
type definition AD.

[ ] If the source OD is a storage descriptor,
defining TDOC AD Image in the storage descriptor as
type definition AD.

] If the source 0D is a refinement descriptor, then use the
deiining 1DO AD Imzge in the base storage descriptor of
the refinement.

. Perform Set Copied for the type definition AD.

Perform Store AD of an image of that type def

intion AD

into the destination access descriptor locztion.
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REFINEMENT OPERATORS

CREATE REFINEMENT CREA1E_RFN
1D# Operands Opcode Refererice Format Class
183 ;s gw g;- none varies varies 010011
Operation: Creates a refinement of a source object givern an SRO and

Operand 1:

Operand z:
0 - 15:

16 - 31:

Operand 3:
0:

1 - 15:
16 - 31:
352 = 47:
48 - 63:

Acticn: e

10-72

specified offsets and lengths.

Contains an access selector for a storage resource
cbject. The selected AD must have Create Rights. If
this cperand 1is zero, the current process allocation
stack is used for allocetion.

A pucked word operaha comprised of the following:

Contains the access selector for the destination access
descriptor location.

Contains the access selector for the source object to be
rerined.

A packed doubleword operand comprised of the following:
Contains the bit for specitying refinement with a data
pert.

Contains & short-ordinal value which specifies the
(length-1)/2 in bytes of the access part of the refined
object. A value of zero speciiies a null access part.
Contains a short-ordinal value which specifies the offset
displacement in bytes from the base of the object being
retined to the base of the access part of the
refinement.

Contains a short-ordinal value which specifies the
iength-1 in bytes of the data part of the refined
object.

Contains a short-ordinal value which specities the offset
displacement in bytes from tlie base of the object being
refined to the base of the data part of the refinement.

1f the source AD is not access-valid, raise the Scurce AD

Validity Fault.

Perform Set Copied fcr the source AD.

If the source AD does not reference an associated storage

uescriptor or refinement descriptor, then raise tle

Ob ject Descriptor Type Fault.

haise the Citset ana Length Compatibility Feult if:

° the specified AP offset is not an integral multiple
of 4,

. the sum of the AP offset arnd AP length-1 is greater
than 65,535,

. 1t the DP Valid bit is 1 and the sum of DP ofiset
and DP length-1 is grester than 65,535.
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Raise the Retinement Overflow Fault if:

® The DP valid bit is 1, and the sum of the DP offset
and DP length is greater than the DP length of the
source object.

° The sum of the AP offset and AP length is greater
than the AP length of the source object.

Perform OD Allocation. o Co

Perform = Level Check of the source AD with the

(destination) level in the new OD.

Initialize the new 0D to a refinement descriptor of

generic object type.

. The AP Length and DP Length fields are initialized

to the values specified by Operand 3.

. It the source AD references an associated storage
descriptor:
] Initialize the Base Directory Index and Base

Segment Index fields to be the same as the
Directory Index and Segment Index fields in the
source AD.

° Initialize the AP Offset and DP Offset fields
to the values specified by Operand 3.

° Otherwise, if the source AD references an associated
refinement descriptor:
° Initialize the Base Directory Index and Base

Segment Index fields to be the same as those in
the associated refinement descriptor.

] Initialize the AP Offset field to the sum of
the AP Offset of the associated refinement
descriptor and the AP offset specified by
Operand 3.

) Initialize the DP Offset field to the sum of
the DP Offset of the associasted refinement
descriptor and the DP offset specified by
Operand 3.

Perform Store AD of the AD image for the hew refined

object into the destination access descriptor location as

follows:

° Make the Read Rights and Write Rights the same as
the corresponding rights in the source AD.

[ Write the Type Rights field to match the
correspcnding rights in the source AD.
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CREATE TYPED REFINEMENT CREATE TYPED RFN
1D# Operands “Opcode | Reference | rormat Class
2 p—
184 ;d ;d i 11 varies varies 000101
Operation: Creates a typed refinement of the source object given an

TCO, an SRO, and specified offsets and lengths.

Operand 1: A packed doubleword operand comprised of the following:
0 - 15¢ Contains the access selector for a type control object.
Thie selected ad must have Refine Rights.

16 - 31: Contains the access selector for a storage resource
object. The selected AD must have Create Rights. If
this operand is zero, the current process allocation
stack is used for allocation.

32 - 47: Contains the access selector for the destination access
descriptor location.

48 - 63: Contains the access selector for the source object to be

refined
Operand 2: A packed doubleword operand comprised of the following:
0: Contains the bit for specifying refinement with a data
part.

1 - 15: Contains a short-ordinal value which specifies the
(length-1)/2 in bytes of the access part of the refined
object. A value of zero specifies a null access part.

16 - 31: Contains a short-ordinal value which specifies the offset
displacement in bytes from the base of the object being
refired to the Dbase of the access part of the
refinement.

32 - 47: Contains a short-ordinal value which specifies the
length-1 in bytes of the data part of the refined
object. '

48 - 63: Contains a short-ordinal value which specifies the offset
displacement in bytes from the base of the object being

refined to the base of the data part of the refinement.

Action: e If the source AD is not access valid, raise the Source AD
Validity Fault.
° Perform Set Copied for the source AD.

° If the source AD does not reference an associated storage
descriptor or refinement descriptor, then raise the
Ob ject Descriptor Type Fault,
° If the source object type does not match the object type
in the TCO, then raise the Type Fault.
. Raise the Offset and Length Compatibility Fault if:
] the specified AP offset is not an integral multiple
of 4,
. the sum of the AP offset and AP length-1 is greater
than 65,535.
) If the DP valid bit is 1 and the sum of DP offset
and DP length-1 is greater than 65,535.
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Raise the Refinement Overflow Fault if:

) The DP valid bit is 1 and the sum of the DP offset
and DP length is greater than the DP length of the
source object.

) The sum of the AP offset and AP length is greater
than the AP length of the source object.

Perform Q0D Allocation. o L

Perform Level Check of +the socurce AD with the

(destination) level in the new OD.

Initialize the new OD to a refinement descriptor of the

object type specified by the Object Type field in the

TCO:

. Initialize the AP Length and DP Length fields to
that specified by Operand 2.

® If the source AD references an associated storage
descriptor:
° Initialize the Base Directory Index and Base

Segment Index fields to be the same as the
Directory Index and Segment Index fields in the
source AD.

° Initialize the AP Offset and DP Offset fields
to the values specified by Operand 2.

) Otherwise, if the source AD references an associated
refinement descriptor:
) Initialize the Base Directory Index and Base

Segment Index fields to be the same as those in
the associated refinement descriptor.

° Initialize the AP Offset field to the sum of
the AP Offset of the associated refinement
descriptor and the AP offset specified by

A e e A
vpclranu c.

) Initialize the DP Offset field to the sum of
the DP Offset of the associated refinement
descriptor and the DP offset specified by
Operand 2.

Perform Store AD of the AD image for the new refined

object into the destination access descriptor location as
follows: ‘

. Make the Read and Write Rights fields the same as
the corresponding rights in the source AD.

® Write the Type Rights field to match the
corresponding rights in the source AD.
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OBJECT CREATION OPERATORS

CREATE OBJECT CREATE OBJ
ID# Operands Opcode Reference Format Class
185 ;s gs g;_ 0 varies varies 000011
Operation: Creates an object with the specified access and data part

Operand 1:

Operand 2:

Operand 3:
0 - 15:
16:
17 - 31:

Action: e
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lengths and an access descriptor (with associated 0D) for
the new object.

Contains the access selector for a storage resource
object. The selected AD must have Create Rights. If

this operand is =zero, the current process allocation
stack is used for allocation.

Contains the access selector for the destination access
descriptor location.

A packed word operand comprised of the following:

Contains the short-ordinal length-1 of the data part of
the object to be created.

Contains the boolean which specifies whether the object
has a data part or not.

Contains the (length-1)/2 of the access part of the
object to be created. A value of zero specifies a null
access object part in the new object.

Perform QD Allocation.

Perform Segment Allocation for a generic object using a
null AD as the TDO-AD Image.

Perform Store AD of the AD for the new storage descriptor
into the specified destination access descriptor

location.
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CREATE_TYPED_OBJ

ID# Operands Opcode Reference Format Class
1 2 3 e
-186 } as § pw | pw 01 - varies: varies 100011
Operation: Creates a typed object with specified access and data

Operand 1:

Operand 2:

0 - 15:

16 - 31:
Operand 3:

0 - 15:

16:

17 - 312

Action: e

part lengths and an access descriptor (with associated

0D) for the new object.

Contains the access selector for a storage resource
object. The selected AD must have Create Rights. If
this operand is =zero, the current process allocation

stack is used for allocation.

A packed word operand comprised of the following:

Contains the access selector for a type control object.
The selected AD must have Create Rights.

Contains the -access selector for the destination access
descriptor location.

A packed word operand comprised of the following:

Contains the short-ordinal length-1 of the data part of
the object to be created.
Contains the bit which specifies whether the object has a

data part or not.
Contains the (length-1)/2 of the access part of the
object to be created. A value of zero specifies a null

access part.

Perform Set Copied for the Defining TDO AD in the TCO.

Perform OD Allocation.

Perform Level Check of the Defining TDO AD in the TCO
with the (destination) level in the new OD.

Perform Segment Allocation for an object with Object Type
the same as specified in the TCO and use the Defining TDO
AD in the TCO as the defining TDO AD Image in the newly
allocated storage descriptor.

Preform Store AD of the AD for the new object into the
specified destination access descriptor location.
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ACCESSINSPECTION OPERATORS

INSPECT ACCESS DESCRIPTOR INSPECT AD
ID# Operands Opcode Reference Format Class
1 2 3t
187 1 as | o - 110 varies varies 010001
Operation: Copies the image of an access descriptor into an ordinal

Operand 1:

Operand 2:

Action: e

INSPECT OBJECT

in the data part of an object.

Contains the access selector for
descriptor that is to be inspected.

the source access

Is an ordinal destination for the image of the source
access descriptor.

Read the source access descriptor and write an image of
it into ordinal operand 2.

INSPECT OBJ

ID# Operands Opcode Reference Format Class
1 9 3—‘
188 1 as | pw | - 001 varies varies 010001
Operation: Copies an image of an access descriptor and its

Operand 1:

Operand 2:
0 - 15:
16 - 31:

Action: e
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associated object descriptor into the data part of an
object beginning at a specified location.

Contains the access selector for the

descriptor that is to be inspected.

source access

A packed word operand comprised of the following:

Contains the access selector for the destination object,
Contains a short-ordinal which specifies the Dbyte
displacement within the data part of the destination

object to the location where the inspection data is to be
stored.

Write a 20-byte record beginning at the

location in the data part of the destination object.

record contains the following:

° An image of the source AD in the first 4 bytes.

° An image of the associated 0D of the source AD in
the last 16 bytes.

specified
The
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EQUAL ACCESS EQL_ACCESS
ID# Operands Opcode Reference Format Class
1 2 3
189 as fas | b 0011 varies varies 111101

_Operation: Compares two source access descriptors for equality.

Action: e If the two source access descriptors are access-valid and
their Directory and Segment indices are equal or both are
not access-valid, return a boolean value of TRUE to the
destination. Otherwise, return a boolean FALSE.

MOVE TO EMBEDDED DATA VALUE MOV_TO_EDV
ID# , Opegands Opcode Reference Format Class
190 } o ;s f—- 1 varies varies 101001
Operation: Copies anh ordinal value into an embedded data value in a

Operand 1:

Operand 2:

Action: e

destination access descriptor location.

Contains an ordinal value to be copied to the destination
AD location.

"Contains the access selector for the destination AD

location.

Compose an embedded data value using the most-significant

31 bits of operand 1 (bit 0 is cleared).
Perform Store AD of the embedded data value into the
destination AD location specified by operand 2.

MOVE FROM EMBEDDED DATA VALUE MOV_FM EDV
ID# Operands Opcode Reference Format Class
Jemm———t. | -2 S o
187 as | o - 110 varies varies 010001
Operation: Copies the image of an embedded data value into an

Operand 1:

Operand 2:

Action: e

ordinal in the data part of an object. This operator is
identical to the INSPECT ACCESS DESCRIPTOR operator.

Contains the access selector for the source AD location.

Contains the ordinal destination for the embedded data
value.

Read the source access descriptor location specified by
operand 1 and write an image of that AD into operand 2.

The least-significant bit of operand 2 will be zero if
the result is an embedded data value.
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ACCESS INTERLOCK OPERATORS

LOCK OBJECT LOCK_OBJ
ID# Operands Opcode Reference Format Class I
191 ;s go g-- 1011 varies varies 111101 l

Operation: Locks an object lock at a specified location within the

Operand 1:

Operand 2

Operand 3

Action: e

data part of an object.

Contains the access selector for the object that contains
the object lock.

Contains a short-ordinal byte displacement within the
data part of the selected object to the object 1lock
field.

Contains a boolean result that is set TRUE if the 1lock
operation is successful.

Perform Object Locking at the specitied location using a
Long-Term Sof'tware Lock.

If the lock operation is successful, the boolean result
is TRUE. Otherwise, the result is FALSE. The boolean
result is stored in destination operand 3.

UNLOCK OBJECT UNLOCK_OBJ
D7 5perands Opcode Reference Format Class
T 2 v 3 o]
192 | as { so { - 1101 varies varies 0100
Operation: Unlocks an object lock at a specified location within a

Operand 1:

Operand 2:

Action: e
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data part of an object.

Contains the access selector for the object that contains
the object lock.

Contains a short-ordinal byte displacement within the

data part of the selected object to the object 1lock
field.

If the Lock Mode field in the specified object lock is 10
(i.e., long-term software 1locked), and the Locker 1ID
field is equal to the current Process ID (reflected in
the current process object), the Object Lock field is
indivisibly cleared to Zzeros.

Otherwise, raise the Object Lock ID/Type Fault.
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INDIVISIBLY ADD SHORT ORDINAL INDIV_ADD SO
ID# Opegands Opcode Reference Format Class
193 ;o ;o 3- "~ 0011 varies varies | 0100
Operation: Short-ordinal operand 1 1is 1indivisibly (within one

read-modify-write cycle) added to short-ordinal operand
2. The result is stored into operand 2. The original
value of operand 2 is pushed onto the operand stack. A
Short-Ordinal Overflow Fault cannot occur. Thus, this
operator can be used to indivisibly subtract operand 1
from operand 2 if operand 1 contains the 2's complement
of the number to be subtracted.

INDIVISIBLY ADD ORDINAL INDIV_ADD O
ID# Operands Opcode Reference Format Class
1 2 St
194 ] o 0 - 0111 varies varies 1100
Operation: Ordinal operand 1 is indivisibly (within one

read-modify-write cycle) added to ordinal operand 2. The
result is stored into operand 2. The original value of
operand 2 is pushed onto the operand stack. An Ordinal
Overflow Fault cannot occur. Thus, this operator can be
used to indivisiblv subtract operand 1 from operand 2 if

operand 1 contains the 2's complement of the number to be
subtracted.
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INDIV_INS_SO

ID# , Ope;ands Opcode Reference Format Class
195 | bfs] so 20 10111 varies varies 0010
Operation: Indivisibly inserts a bit field from one short ordinal
into another short ordinal.
Operand 1: Contains the bit-field specifier for the destination bit

Operand 2:

Operand 3:

Action: e

field that is to be written,

Contains a short ordinal with a right-justified bit field

that is to be inserted into the destination short
ordinal.

Contains the destination short ordinal into which the bit
field is to be inserted.

insert
specified

Indivisibly (within one read-modify-write cycle)
the source field from operand 2 into the
destination bit-field in operand 3.

Pushkthe original value of operand 3 onto the operand
stack.

INDIVISIBLY INSERT ORDINAL INDIV_INS O
ID# Operands Opcode Reference Format Class
1 2 3
196 | bfs| o l°] 011 varies varies 100011
Operation: Indivisibly inserts a bit field from one ordinal into
another ordinal.
Operand 1: Contains the bit-field specifier for the destination bit
field that is to be written.
Operand 2: Contains an ordinal with a right-justified bit field that

Operand 3:

Action: e
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is to be inserted into the destination ordinal.

Contains the destination ordinal into which the bit field
is to be inserted.

Indivisibly (within one read-modify-write cycle) insert
the source field from operand 2 into the specified
destination bit-field in operand 3.

Push the original value of operand 3 onto the operand
stack.
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CONTEXT OPERATORS

The feollowing sub-cperator procedures (ENV Entry and Context Call) are
used in the action descriptions of context operators.

ENV Entry
] If the source AD is access-valid, then do the following:

° Perform Set Copied for this source AD.

o Read the 1level number of the object referenced by the
source AD. If the source object is specified by a
refinement, the level number of the base object rather
than that of the refinement is read. The level number is
located in the OD of the object.

® Otherwise, if the source AD is not access valid, then use the

maximum level number (65,535).

) Write the level number in the appropriate Entered ENV Level

field in the process object.

° Write the source AD without Delete Rights into the appropriate
Access Environment AD location in the current context object.

] Save the new access environment information within the GDP.

Context Call

[ If the static link access selector (specified as an operand)
is 4, a null AD is used as the static link AD. Otherwise, the
static link access selector is interpreted as selecting the AD
to be used as the static link.

° Perform Set Copied for the AD of the specified domain.

. If the domain is a refinement, then do the following:

) Traverse to the base object by using the Base Segment and
Base Directory indices (in the refinement descriptor).

o Adjust the called instruction object's DAI to that
relative to the base domain by adding the AP Offset in
the refinement descriptor.

. Read the AD of the called instruction object using the
adjusted domain access index,

) If the called instruction object AD has no Call Rights, raise
the Instruction Object Type Rights Fault.

® Read the instruction object header (the first 8 bytes of the
instruction object).

. If either the Context Data Part Length or the Context Access
Part Length (from the instruction object header) is less than
its respective minimum size, raise the Context Parameters Size
Fault.

° If either the Context Data Part Length or the Context Access
Part Length (from the instruction object header) is greater
than its respective current size (of the pre-created context)
in the process object, raise the Context Parameters Size
Fault.

° Increment the Current Allocation Level in the process object
by 1.
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Read the Context Link AD in the current context.

Update the AP Length and DP Length of the new context to that

specified in the instruction object header.

Initialize the context access part starting with the AD 14

location to null ADs. Initialize the data part to zeros.

Initialize the new context access part:

° Write into the Defining Domain location an AD (with Write
Rights and without Delete Rights) for the specified domain
(the base domain after any refinement traversal).

. Write into the Local Constants location an AD for the
object specified by the Local Constants DAI field in the
called instruction object's header.

° Write into AD location 5 (Environment 1) the AD for the
defining domain.

. Write null ADs into AD locations 6, and 7 for the initial
environments 2 and 3.

. Write the Top of Descriptor Stack AD and Top of Storage
Stack AD of the current context into the corresponding

locations.

° Write into Static Link location the specified static link
AD.

Initialize the new context data part as follows:

° Copy the current context status into the Context Status
field.

. Write into the Operand Stack Pointer field the value from

the Initial Operand Stack Pointer field in the called
instruction object's header.

° Write into the Current Instruction Object DAI field the
adjusted domain access 1index of the instruction object
(ad justed above only in the case of refinement).

° Write into the Instruction Pointer field an initial value
of 64,

Set up the return information for the current (calling) context

as follows:

)] Write the current values into the following current
context data part:
. Context Status
[ Operand Stack Pointer
. Current Instruction Object DAI
° Instruction Pointer

Write the Instruction Pointer with the value pointing to
the next instruction to be executed upon return from the
called context.
Write an AD for the new context intc the Current Context
location in the process object.
Initialize the Entered ENV 1 Level field in the current process
object with the level number of the defining domain.
Initialize the Entered ENV 2 and 3 Level fields in the current
process object to maximum.
Replace the GDP's internal context environment with that of the
called context and continue execution at the instruction

specified.
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ENTER ENVIRONMENT 1 ENTER_ENV_ 1
ID# Ope;andsﬁ Opcode Reference Format | Class
197 ;s : _ 0110 varies varies 0000
Operation: Changes environment 1 of the current context to allow
direct access to the access descriptors in a specified
object.
Operand 1: Contains the access selector for the object to be
entered.
Action: e Perform ENV Entry of the scurce AD into AE 1.
ENTER ENVIRONMENT 2 ENTER _ENV_2
ID# Opegands Opcode Reference Format Class
198 ;s - E-—- 1110 varies varies 0000
Operation: Changes environment 2 of the current context to allow

direct access to the access descriptors in a specified
object.

Operand 1: Contains the access selector for the object to be
entered.
Action: e Perform ENV Entry of the source AD into AE 2.
ENTER ENVIRONMENT 3 ENTER_ENV_3
ID# Opegands Opcode Reference Format Class
199 ;s - E‘- 0001 varies varies 0000
Operation: Changes environment 3 of the current context to allow

Operand 1:

Action: e

direct access to the access descriptors in a specified
object.

Contains the selector for the be

entered.

access object to

Perform ENV Entry of the source AD into AE 3.
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COPY_PRCS GLOBALS

ID# Operands Opcode Reference Format Class
1 2 3—
200 t as | - - 1001 varies varies 0000
Operation: Copies an access descriptor for the current process's

Operand 1:

Action: e

SET CONTEXT MODE

process globals object into the specified AD location.

Contains an access selector for the destination access
descriptor location.

Read the Process Globals AD
object).

Perform Set Copied for this AD.
Perform Store AD of this AD into the destination AD
location.

(in the current process

SET_CTXT_MODE

iD# Operands Opcode Reference Format Class
1 2 3 —
201 { so ] - = 0101 varies varies 0000
Operation: Writes the value of short-ordinal operand 1 to the

ADJUST STACK POINTER

Context Status field of the current context object. The
context mode within the GDP is also updated accordingly.

ADJ SP

1D#
1

Operands

Opcode TReference Tormat Class

202 si

2 et 3 ]
SO -

01011 varies varies 0100

Operation:

Action: e
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Adds short-integer operand 1 to the operand stack

pointer, returning the previous stack pointer value to
short-ordinal destination operand 2.

Save the current operand stack pointer temporarily.
value saved is after operand and address evaluation,

The

Add short-integer operand 1 to the current operand stack
pointer. A short-integer overflow fault cannot occur,

Store the saved operand stack pointer value intc operand
2. If the destination is the operand stack, the

destination is specified by the new stack pointer.
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CALL CALL
ID# Operands Opcode Reference Format Class
1 2 3t
. 203 | as | pw § - 101 varies | varies 1 010007
Operation: Creates a new context using an instruction object in a
directly accessible domain and then c&lls that new
context while passing a static link to it.
Operand 1: Contains the access selector for the static link of the

Operand 2:
0 - 15:

16 -~ 31:

Action: e

new context.

A packed word operand comprised of the following:

Contains the access selector for the defining domain of
the new context.

Contains the domain access index into the specified
defining domain ©of an access descriptor for the
instruction object for which the context is to be created.

Perform Context Call of the specified instruction object
using the static link AD specified by operand 1.

CALL THROUGH DOMAIN CALL_THRU_DOMAIN
ID# , Opegands Opcode Reference Format Class
204 ] as ;w E-. 011 varies varies 010001

Operation: Creates a new context using an instruction bbject in a

Operand 1:
Operand 2:
0 -15:

16 - 31:

Action: e

specified new defining domain that is within the current
defining domain and then calls that new context while
passing a static link to it.

Contains the access selector for the static link to be
passed.

A packed word operand comprised of the following:

Contains the domain access index for an access descriptor
for the defining domain of the new context.

Contains the domain access index into the specified
defining domain of an access descriptor for the

instruction object for which the context is to be created.

Perform Context Call of the specified instruction object
using the static link AD specified by operand 1.

Enter the new domain as Environment 1.
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RETURN RET
| ID# Operands Opcode Reference Format Class

1 2 3 e
laos |- 1- = 0 none none 000110
Operation: Returns from the currently active context to the calling

Action: e

context.

If tracing is enabled and the Trace Mode field (in the
Process Status field) specifies Flow Trace, then raise
the Trace Event Fault and thus continue execution in the
Trace Instruction Object (referenced by AD 1 in the
domain access part).

If the Calling Context AD does not have Return Rights,
raise the Context Type Rights Fault.

If the Top of Storage Stack AD of the current context
differs from that of the calling context, use the Top of
Storage Stack AD (in the calling context) to calculate an
end address to update (and set the Dirty bit of) the

allocation stack specifier in the process's physical
storage object. This deallocates the 1local storage
allocated for this returning context.

If the Top of Descriptor Stack AD (in the current

context) differs from that of the calling context, use
the Segment Index of the Top of Descriptor Stack AD (in
the calling context) to update the Free Index field of

the Header Entry in the process object table. This

deallocates all ODs in the process object table that were
allocated to this returning context.

Decrement by 1 the Current Allocation Level field of the
process object.

Write the AD from the Calling Context location (in the
returning context object) into the Current Context
location in the process object. That is, make the
previous calling context the current context.

Replace the GDP's internal context environment with that
of the calling context and continue execution at the
instruction specified in the Instruction Pointer field of

the new current context object.

RETURN AND FAULT RET_FAULT
ID# Operands Opcode Reference Format Class
1 2 3
206 | - = = 1 none none 000110
Operation: Returns from the currently active context and resumes

Action: e
°
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execution at bit displacement 64 in the Fault Instruction
Object specified in the defining domain of the context

returned to.

Perform the RETURN operator.
Raise the Return Fault.
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PROCESS COMMUNICATION OPERATORS

The following sub-operator procedures (Enqueue Message, Dequeue
. Message, Engueue Carrier, Dequeue - Carrier, Ferward Carrier, -Surrogate-
Common, Send Common, and Receive Common) are used in the action
descriptions of process communication operators.

Enqueue Message

° Remove a port message queue entry from the free list.

. Write the specified message AD into the AD location (in the
Message Queue Access Area) corresponding to the new message
queue entry.

. If the Queue Discipline (in the Port Status) is FIFO, insert
the new entry into the message queue at the tail of the
message queue linked list.

° Otherwise, search the message queue linked list and, depending
on the queuing values in the message queue entries, find an
appropriate insertion point. Insert the new entry into the
message -queue at this point with the appropriate queuing
value.

Dequeue Message

. If the Port Type is Delay (in the Port Status field) and the
Deadline value in the head entry of the message queue is
positive, then return from Dequeue Message.

] Otherwise, because the Port Type is not Delay, remove the head
entry of the message queue and return its 'corresponding
message AD (from the Port Message Access Area). The AD
location (from which this dequeued message AD was obtained) is
written with a null AD, and the dequeued entry is returned to
the free list.
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Enqueue Carrier

Enqueue the specified carrier at the tail of the carrier
queue.

Dequeue Carrier

Dequeue a carrier from the head of the carrier queue,

Forward Carrier

If the AD for the Second Port in the current Carrier is null,
then unlock the carrier and return from Forward Carrier.
Otherwise, continue.
Write that AD for the Second Port into the Current Port

location in the current Carrier, That is, make the second
port the current port.

Write a null AD in the second port location of the current
carrier to prevent forwarding the second time.

Use the AD for the Second Message in the current carrier as
the specified message AD.

Use the Second Port Queuing Value in the current carrier as
the current queuing value.

Perform Send Common.

Surrogate Common
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If the specified carrier is a refinement, traverse the
refinement by using the Base Segment and Base Directory
indices in the refinement descriptor.

Use the unretined (base object) carrier as both the current
carrier and the current surrogate carrier,

Perform Object Locking on the current carrier. If locking
tails, raise the Carrier Lock Fault.

If the specified AD for the Destination Port is null, then set
the Null Surrogate Destination bit, and clear the First Port
Done bit in the Process Status field of the current process.
Otherwise, clear the Null Surrogate Destination and First Port
Done bits in the Process Status field of the current process.
Write the specified AD for the destination port into the
Second Port location in the current Carrier.

If the 1levels of the current port, destination port, and
carrier are not equal, raise the Level Fault.
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Send Common

° Perform Object Locking on the current port. If the locking
operation is not successful, raise the Port Lock Fault.

L] If the message queue 1s not full and no carrier is blocked at
the current port awaiting a message, then do the following:

° Perform Enqueue Message of the specified message into the
port message queue,

[ If the First Port Done or Null Surrogate Destination bit
is set (in the process status), unlock the current
carrier.

] Set the First Port Done bit in the Process Status field.

® Unlock the current port.

) Return from Send Common.

° If the message queue is empty (i.e., the Head of Message Queue

field is zero) and a carrier is blocked at the current port

awaiting a message, tlien do the following:
° If either the First Port Done or Null Surrogate
Destination bit is set, unlock the current carrier.

° Perform Dequeue Carrier of a carrier from the current
port.

° Make the dequeued carrier the current carrier.

® Write the specified message AD into the Incoming Message
location in the new current Carrier.

° Set the Message Received and Unblocked bits in the

Carrier Status field of the current Carrier.

° Set the First Port Done bit in the Process Status.

° Unlock the current port.

° If the current carrier is a processor carrier (as
indicated by the Carried Object Type field in the Carrier
Status), send a Wake-Up IPC to the carried processor.

®  Otherwise, perform Forward Carrier of the carrier to its
second port.
° Return from Send Common.
° If the message queue is full (as indicated by a value of zero
in the Head of Free Entry List field), then do the following:
° If this is not a conditional SEND operation, then do the
following:
° Write the specified message AD in the Blocked
Message location in the current carrier,
® Write the current queuing value into the Blocked
Queuing Value field of the current Carrier.
° Perform Enqueue Carrier of the current carrier.
° Unlock the current port.
) Return from Send Common.
) Otherwise, do the following steps for a conditional SEND
operation:
® Unlock the current port.
° Return from Send Common Wwith a status of
unsuccessful.
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Receive Common

° Perform Object Locking on the current port. If the 1locking
operation is not successful, raise the Port Lock Fault.

] If the message queue is not empty (as indicated by a non-zero
value in the Head of Message Queue field), and there is no
blocked carrier awaiting, then do the following:

° Perform Dequeue Message to obtain a message from the
message queue,
) Write the received message AD into the Incomming Message

location in the current Carrier, and set the Message
Received and the Unblocked bits in the Carrier Status

field.

. Set the First Port Done bit in the Process Status field.

) Unlock the current port.

° Return from Receive Common.

° If the message queue is full and there is a blocked carrier

awaiting, then do the following:

° Perform Dequeue Message to obtain a message from the
message queue.

] Write the received message AD into the Incoming Message

location in the current Carrier and set the Message
Received and Unblocked bits in the current Carrier Status

field.

[ Perform Dequeue Carrier on the current port to obtain a
carrier from the carrier queue.

) Make the dequeued carrier the current carrier,

. Perform Enqueue Message of the Blocked Message in the
current carrier by using the Blocked Queuing Value field
of the current carrier.

° Write a null AD into the Blocked Message location,

° Set the First Port Done bit in the Process Status.

. Unlock the current port.

° Perform Forward Carrier of the current carrier to its
Second Port.

o Return from Receive Common.

° If the message queue is empty, then do the following:

° If this is not a conditional RECEIVE operation, then do

the following:
) Clear the Message Received and Unblocked bits in the
current Carrier Status.
° Perform Enqueue Carrier of the current carrier at
the current port.
. Unlock the current port.
] Return from Receive Common.
o Otherwise, do the following steps for a conditional

RECEIVE operation:

e Unlock the current port.

® Return from Receive Common with a status of
unsuccessful.
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SEND SEND
ID# Opegands Opcode Reference Format Claés
207 ;s ;s E-— 11011 varies varies 0100
Operation: Sends a specified message to a specified port.
Operand'1: . Contains the access selector for a port to which the

Operand 2:

Action: e

message is to be sent. The selected AD must have Send

Rights.

Contains the access selector for the object to be sent as
a message.

Use the Current Process Carrier as the current carrier,.
Use the port specified by operand 1 as the current port.
Use the message AD specified by operand 2 as the message
AD in further operations.

Use a Queuing Value of zero (i.e., 0 for Priority and 0
for Deadline).

Clear the First Port Done bit and the Null Surrogate
Destination bit (in the current process status).

If the level of the message object is less than that of
the port, raise Level Fault.

Perform Send Common.

If the send operation is successful (as indicated by the
First Port Done bit being 1 in the Process Status),
continue normal execution.

Otherwise, suspend the current process and relinquish the
processor for redispatching.
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RECEIVE RECEIVE
ID# 1 Ope;ands Opcode Reference Format Class
208 | as | - E- 1101 varies varies 0000

Operation: Receives a message at a specified port.

Operand 1: Contains the access selector for the port at which the

process 1is to receive a message. The selected AD must
have Receive Rights.

Action:

Use the Current Process Carrier as the current carrier,

Use the port specified by operand 1 as the current port.

° Clear the First Port Done bit and the Null Surrogate
Destination bit (in the current process status).

] Perform Receive Common.

] If the receive operation is successful (as indicated by
the First Port Done bit being 1 in the Process Status),
then write the AD of the received message into the
Interprocess Message AD location in the current context
and continue normal execution.

° Otherwise, set the Waiting for Message bit in the Process

Status field, suspend the current process, and relinquish

the processor for redispatching.
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CONDITIONAL SEND COND_SEND
ID# Operands Opcode Reference Format Class
209 ) as | as 1 b 01.11 varies varies 111101
Operation: Checks for the availability of message queue space at a

Operand 1:

Operand 2:

Operand 3:

Action: e

specified port and indivisibly sends a specified message
if space is available,

Contains the access selector for a port to which the

message is to be sent. The selected AD must have Send
Rights.

Contains the access selector for the object to be sent as
a message.

Contains a boolean (in the low-order byte) that is set to
TRUE if the SEND operation is successful and to FALSE
otherwise. The high-order byte is not affected.

Use the Current Process Carrier as the current carrier.

Use the port specified by operand 1 as the current port.
Use the message AD specified by operand 2 as the message
AD in further operations.

Use a Queuing Value of zero (i.e., 0 for Priority and 0
for Deadline).

Clear the First Port Done bit and the Null Surrogate

Destination bit (in the current process status).

If the level of the message AD is less than that of the
port, raise Level Fault.

Perform Send Common.
If the send operation is successful (as indicated by the
First Port Done bit being 1 in the Process Status), then

write a result of TRUE in the destination boolean operand
3 and continue normal execution.
Otherwise, write a result of FALSE in the destination

boolean operand 3 and continue normal execution.
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COND_RECEIVE

ID#
1

Oper
2

ands Opcode Reference Format Class

210 as

b

3

111 varies varies

100001

Operation:

Operand

\¥]

Operand

Action:

10-96

Checks for the availability of a message at a specified

port and indivisibly if it
available.

receives the message is

Contains the access selector for the port at which the
message is to be received. The selected AD must have
Receive Rights.

Contains a boolean in the low-order byte that is set to
TRUE if the RECEIVE operation is successful and to FALSE

otherwise. The high-order byte is not affected.

Use the Current Process Carrier as the current carrier.,
Use the port specified by operand 1 as the current port.
Clear the First Port Done bit and the Null Surrogate
Destination bit (in the current process status).

Perform Receive Common.

If the receive operation is successful (as indicated by
the First Port Done bit being 1 in the Process Status),
then write the AD of the received message into the
Interprocess Message AD location in the current context,
write a result of TRUE in the destination boolean operand
3, and continue normal execution.

Otherwise, write a result of FALSE in the destination
boolean operand 3 and continue normal execution.
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SURROGATE SEND SUR_SEND
ID# Ope:ands Opcode Reference Format Class

L2131 ;s 23 2;_ 1 varies varies 000011

Operation: Sends a specified message to a specified port via a

Operand 1:

Operand 2:

Operand 3:
0 - 15:

16 - 31:

Action: e

specified surrogate carrier.

Contains the access selector for a port to which the

message is to be sent. The selected AD must have Send
Rights.

Contains the access selector for the object to be sent as
a message.

A packed word operand comprised of the following:

Contains the access selector for the second port to which
the surrogate carrier can be forwarded, The selected AD
must have Send Rights.

Contains the access selector for the surrogate carrier.

The selected AD must have Surrogate Right

Surr te Rights.
Perform Surrogate Common.
Use the message AD specified by operand 2 as the message
AD in current operations.
Use the Second Queuing Value in the current carrier as
the current queuing value.

If the level of the message AD is less than that of the
port, raise the Level Fault.

Perform Send Common.

If the First Port Done bit is 1, and the Null Surrogate
Destination bit is 0 (i.e., the send operation did not
block and the current surrogate carrier needs to be
forwarded to its second port), then perform Forward

Carrier of the current surrogate carrier to its second
port.
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SURROGATE RECEIVE SUR_RECEIVE
ID# Operands Opcode Reference | Format Class
1 2 3
212 4 as | pw | - 111 varies varies | 010001

Operation:

Operand 1:

Operand 2:
0 - 15:

16 - 31:

Action: e
°
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The current process uses a specified surrogate carrier at
a specified port to wait for a message.

Contains the access selector for the port at which to

receive a message. The selected AD must have Recieve
Rights. ‘

A packed word operand comprised of the following:

Contains the access selector for the second port to which
the surrogate carrier will be forwarded. The selected AD
must have Send Rights.

Contains the access selector for the surrogate carrier.
The selected AD must have Surrogate Rights.

Perform Surrogate Common.
Perform Receive Common.

If a message has been received successfully (i.e., the
First Port Done bit is 1 and the receive operation did
not block), then perform Forward Carrier of the surrogate

carrier to its second port.
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DELAY PROCESS DELAY PRCS
ID# Operands Opcode Reference Format Class
2 — .
213 ;;; : E 0011 varies varies 0000
Operation: Delays. the current process for a specified period of time
in the normal dispatching mode, Otherwise, it

reschedules the process.

Operand 1: Contains the short-integer delay period that is an
appropriate delay value (in system time units) based on
the resolution of the system clock. This value must be

positive.
Action: e Use the current process carrier as the current carrier.
° If the current dispatching mode (in the processor status)

is Normal, do the following:

. Write the Second Port AD into the Save Port AD in
the current carrier.

) Write a null AD into the Second Port AD location.

)] Use the Delay Port (referenced in the processor
object) as the current port. )
. Use operand 1 as the Deadline value.
° If the current dispatching mode (in the processor status)

is not Normal, do the following:
° Use the Second Port (in the current carrier) as the
current port.

® Write a null AD into the Second Port Ad location in
the current carrier.
° Use the Second Port Queuing Value (in the current
carrier) as the current queuing value.
] Use the Second Message (specified in the current carrier
object) as the message.
) Perform Send Common.
° Suspend the current process and relinquish the processor

for redispatching.
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SEND PROCESS SEND_PRCS
[ 1ID# Operands Opcode Reference Format Class

214 ;s E é-_- 1011 varies varies 0000
Operation: Sends the current process to the specified port.

Operand 1:

Action:

SET PROCESS MODE

Contains the access selector for the port at which the
current process is forwarded as a message. The selected
AD must have Send Process Rights.

Use the current process carrier as the current carrier.
Use the port specified by operand 1 as the current port.
Write a null AD into the Second Port AD location.

Set the First Port Done and Null Surrogate Destination
bits to 1 in the current process status.

Use the Second Port Queuing Value in the current carrier
as the current queuing value.

Use the Second Message (specified in the current carrier
object) as the message.

Perform Send Common.,

Suspend the current process and relinquish the processor
for redispatching.

SET_PRCS_MODE

ID# Operands Opcode Reference Format Class
1 2 3 e
215 | as | so | - 00111 varies varies 0100
Operation: Updates the process status of a specified process.

Operand 1:

Operand 2:

Action: e
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AD for the current
The selected AD must have Set Process

Contains an access selector for an
process object.

Mode Rights.
Contains the short-ordinal for the new process status.

If the source AD is not equal to the current process
object AD, raise the Process Object Access Mismatch fault.
Store the new process status (while preserving the old
values of the Unbounded bit, the Process Faulted bit, and
the Trace Enable bit) into the Process Status field of
the process object. Update the process status within the
GDP accordingly.
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READ PROCESS CLOCK

Operator Set

READ_PRCS_CLOCK

ID# Operands Opcode Reference Format Class
1 2 3
. 216 ] © = - 011" varies’ " varies 110110
Operation: The 32-bit process clock value is read from the Process

Clock field in the current process data part,

updated to

include the time (in system time units) consumed during

the current service period,

ordinal operand 1.

and stored

in destination
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PROCESSOR COMMUNICATION OPERATORS

SEND TO PROCESSOR SEND_PSOR
ID# , Opegandsa Opcode Reference Format Class

| 217 1 as ] so g 1111 varies yaries 111101

Operation: Sends an interprocessor message to a specified processor

(possibly the one this instruction is executing on) via
the interprocessor communication (IPC) mechanism.

Operand 1: Contains the access selector for the destination PCO.
The selected AD must have Send IPC Rights.

Operand 2: Contains the short-ordinal value for the IPC message
code.

Operand 3: Contains a boolean that is set to TRUE if the IPC is
successfully sent and otherwise, is set to FALSE.

Action: e Perform Object Locking on the PCO specified by operand

1.

. If the locking operation is not successful, then store a
boolean result of FALSE into destination operand 3 and
end this instruction.

[ If the locking operation is successful and the Response
Count field is not zero, then unlock the PCO and store a
boolean FALSE in the destination operand 3, and end this
instruction.

° If the locking operation is successful, then do the
following:

. In the PCO, set the Response Count field to the
value of Processor Count. This field will be
decremented by the receiving processor.

) Copy the IPC message code specified by operand 2
into the IPC Message Code field of the PCO.

° Signal an IPC by writing into IPC register address 2
in the interconnect address space the value of the
Processor ID from the specified PCO.

) Return boolean TRUE to the destination operand 3.
) Unlock the PCO.
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READ PROCESSOR STATUS READ PSOR_STATUS
ID# Operands Opcode Reference Format Class
1 2 3 e
- 2181 pw |-~ - - 111 -{- varies -y varies 110110
Operation: Reads the current processor status and system clock and

Operand 1:

0 - 15:;
16 - 31:

Action: e

stores them in a 32-bit location,

A packed word destination operand comprised of the
following:

Used to store the processor status.

Used to store the current value of the system clock.

Read the 16-bit Processor Status field in the current
processor data part, and append it to the current value
of the processor resident system clock to form an ordinal
value. '

Store the ordinal result in destination operand 1.
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INTERCONNECT OPERATORS

MOVE TO INTERCONNECT MOV_TO_ICT

1D# Operands Opcode Reference “Format Class

219 | as § so | so 01111 varies varies 0010

Operation: Moves a source short-ordinal to a destination
interconnect register,

Operand 1: Contains the access selector for the destination
interconnect object.

Operand 2: Contains the short-ordinal byte displacement within the
interconnect object to the destination interconnect
register. This value must be even.

Operand 3: Contains the source short-ordinal that is moved to the

Action: e

destination.

Move operand 3 to the interconnect register specified by
operand 1 and operand 2.

MOVE FROM INTERCONNECT MOV_FM_ICT
ID# Operands Opcode Reference Format Class
220 ;s io 2;- 11111 varies varies 0010
Operation: Moves a source short-ordinal in an interconnect register

Operand 1:

Operand 2

Operand

(¥}
.o

Action: e

to a destination short-ordinal.

Coritains the access selector for the source interconnect
object.

Contains the short-ordinal byte displacement within the
interconnect object to the source interconnect register,

This value must be even.

Contains the destination short-ordinal that
from the source interconnect register,

is copied

Move the contents of the interconnect register specified
by operand 1 and operand 2 into short-ordinal operand 3.
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BLOCK MOVE OPERATORS
BLOCK MOVE BLK MOV
ID# dﬁerands Opcode Reference Format Class
i 2 Jome]
222 { pw | pw | so none varies varies 110001

Operation: Moves a block of up to 2,048 bytes of a time, possibly

within a larger region being moved using a loop built
around this operator.

Operand 1: A packed word operand comprised of the following:
0 - 15: destination access selector
16 - 31: destination displacement

Operand 2: A packed word operand comprised of the following:
0 - 15: source access selector
16 - 31: source displacement

Operand 3: Short ordinal number of bytes to be moved, minus one.

Action: e The size of the total region to be moved is the number of
bytes (operand 3 plus one) rounded up to a multiple of 8.

) The number of bytes that will be moved by this operation
is the size of the total region modulo 2.0L8. (For
example, 1if operand 3 is 4,999, then the size of the

total region is 5,000 and the number of bytes that will
be moved by this operation is 904.)

. The source region begins with the source displacement in
the source object. The destination region begins with
the destination displacement in the destination object.

] Move from the top of the source region to the top of the

destination region the calculated number of bytes in
units of eight bytes. The move operation begins at high
displacements and progresses to lower displacements.

- (For example, if both source and destination displacement
are 1,000 and using the sizes from the example above:
- The bytes in the region to be moved have displacements
1,000 to 5,999. The bytes moved by this operation have

displacements 5,096 to 5,099. The first eight-byte unit
transferred is from displacements 5,092 to 5,099.) There

is no aligmnment requirement for the source or destination
displacements.
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CHAPTER 11
INSTKUCTION ENCODING

This chapter defines GDP instruction compositicnh. 1t includes the
field formats required for the various operand adGressing modes and the
complete .instruction.-enceding -information. For- a full discussion “of
the GDP instruction interface see the Instruction Interface chapter of
this manual,

CHAPTER CONVENTIONS

Throughout the tables in this chapter the following abbreviaticns are
used to inuicate the lengths of operands:

b byte (8 bits)

db  double-byte (16 bits)
W word (32 bits)

dw  double-word (64 bits)
ew  extended-word (80 bits)

Unless otherwise noted, field formats and binery encoded field values
are shown in an MSB to LSB crder,; lef't to right on the page.

INSTRUCTION FIELDS

Instructions are variable-length sections of & bit-addressed stream in
an instruction obgect. Every instruction contains an operator
specification and possibly several references. The operator specifies
to the processor what operstion is to be performed, and operand
references select the operands to be used cor manipulated. The major
fields of an instruction are ordered as follows:

MSB - increasing address LSB
Upcode Reference Format Class
(next) (current instruction) (previous)

The operator specified in &an instructicn is encoded in two fields, the
Class {field and the OCpcode field. The Class field specities the
operator class to which the operator belongs, and the Opcode {ield
selects from within that c¢lass the processor operation to be
pertormea. The operatcr's class determines the order of the operator
(i.e., the number o1 required operands) and the length of the
associated operanus. Later sections of this chapter define the formats
and encodings of the Class, Format, Reference, and Opcode instruction
fields.
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1 CLASS FIELD ENCODINGS|

ORDER OPERAND CLASS
LENGTHS ENCODING

0 none 000110
none (branch) 100110

none (breakpt) 111111

1 b (branch) 1000
b 016110

db 0000

W 110110

dw G01110

ew 101110

2 b, b 011110
b,db 111110

b, w 000001

db, b 100001

db,db 0100

db, w 010001

w, b 001001

w,ub 101001

W, W 1100

W,ew 011001

dw, b 111001

dw,dw 000101

dw,ew 100101

ew, b £10101

€W, W 110101

ew,Cw 001101

ew,ew 101101

3 b, b, b . c111o
ub,db, b 111101

db,db,ab 0010

db,db, w C00011

db, W, W 106011

éb, w,aw ¢10011

w,uab,cb 110011

w, W, b G01011

w, wW,ab 110001

W, W, W 1010

W, W,ew 101011

W,eW,EW ¢11C11

dw, w, W 111011

dw,aw, b oco111

dw ,dw ,ew 160111

dv,ew,ew 01Cc111

ew, w,ew 110111

ew,dw,ew ¢01111

ew,ew, b 101111

ew,ew,ew 111

-3
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FORMAT FIELD ENCODINGS

The Format field of an instruction determines which references
(implicit stack references or explicit data references) in the
instruction specify which operands. The following table shows the
Format field encodings for the mappings from the possible data or stack

~d o~ P
references to their associated operands,

ORDER | OPERAND | OPERAND | OPERAND EXPLICIT ]| FORMAT
1 2 3 REFERENCES | ENCODING

0 — —_— — 0 none
1 dref1 —_— — 1 0
stk —_— —_— 0 1

2 dref1 dref2 — 2 00
dref1 dref1 — 1 10

dref1 stk 1 01

stk dref1 —_— 1 01

stk stk —_— 0 111

3 drefi dref2 dref3 3 0000
dref1 dref?2 dref2 2 1000

dref1 dref?2 drefi 2 0100

dref1 dref?2 stk 2 1100

dref1 stk dref2 2 0010

stk dref1 dref2 2 1110

drefl stk areflt i 1010

stk dref1 dref1 1 0001

dref1 stk stk 1 0110

stk dref1 stk 1 1001

stk stk2 dref1 1 0111

stk2 stk dref1 1 0101

stki stk2 stk 0 1011

stk2 stk1 stk 0 1101

dref2 dref1 dref3 3 0011

dref?2 dref1 stk 2 1M1

dref1,dref2,dref3

indicate that the operand is referenced through the first, second,
or third explicit data reference in the instruction's reference
field.

stk

indicates that the operand itself is to be pushed onto, or popped
from, the operand stack.

stk1,stk2

indicate that the operand is popped from the top (stkl) or
next-to-top (stk2) of the operand stack.
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REFERENCE FIELD FORMAT

The Reference Field of an instruction can consist of either 0 or 1 data
references followed by a branch reference or from O to 3 data
references. Data references and branch references are both variable in
length. Explicit data refererences are encoded in the following order:

MSB -¢— increasing address LSB

Data Reference 3 Data Reference 2 Data Reference 1

The format of a data reference is determined by the desired data
reference mode and access selection mode. The following sections of
this chapter define the fields and encodings of a data reference.

DATA REFERENCE FORMATS

SCALAR DATA REFERENCE

7 or 16 bits X} xx| oo

b Data Reference Mode
e ACcC@8S Selection Mode
Displacement

Length Control

0 for 7 bits

1 for 16 bits
Access Selection Field
Displacement
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RECORD ITEM DATA REFERENCE

"7 or 16 bits XX | 01
STATIC ARRAY ELEMENT DATA REFERENCE
0 or 16 bits XX 10

Instruction Encoding

‘e Data Reference Mode

Access Selection Mode
Index Length Control
0 for 7 bits
1 for 16 bits
Access Selection Field
Index
Base Indirect
Reference

Data Reference Mode
Access Selection Mode
Base Length Control
0 for 0 bits
1 for 16 bits
Access Selection Field
Base
Index Indirect
Reference (scaled)
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DYNAMIC ARRAY ELEMENT DATA REFERENCE

x| n

l— Data Reference Mode

Access Selection Mode

Access Selection Field

Base Indirect
Reference

Index Indirect
Reference (scaled)

INDIRECT REFERENCE FIELD FORMATS

Stack Indirect Reference

The 16-bit indirectly referenced (Base or Index) value is popped from
the current top of the operand stack.

Indirect Reference Mode

Intrasegment Indirect Reference

The 16-bit indirectly referenced (Base or Index) value is obtained
using the below Displacement field to offset into the same data segment
that is selected by the Access Selection field of the present data
reference,

T or 16 bits X 10

Indirect Reference Mode
e DiSplacement Length Control
0 for 7 bits
1 for 16 bits
Displacement
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General Indirect Reference

The 16-bit indirectly referenced (Base or Index) value is obtained
using the below Displacement field to offset into the data segment
selected by the below Access Selector field.

{variable)

7 or 16 bits 4 or 8 bits X1 X | oo

b Indirect Reference
Mode
e ACCESS Selector
Length Control
0 for 4 bits
1 for 8 bits
Displacement
Length Control
0 for 7 bits
1 for 16 bits
Direct Access Selector
Displacement

ACCESS SELECTION FIELD FORMATS

Short Direct Access Selection

Access Selection
Mode

4 bits 00

Short Direct Access Selector

Long Direct Access Selection

Access Selection
Mode

8 bits 10

Long Direct Access Selector
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Stack Indirect Access Selection

Access Selection

There is no Access Selection field in Mode
the instruction stream. Access Selection

occurs via a 16-bit indirect access 01
selector that is popped from the current

top of the operand stack.

General Indirect Access Selection

Access selection (for the entire data reference) occurs via a 16-bit
indirect access selector. The indirect access selector is located, in
turn, by using the below Displacement field to offset into the the data
object that is selected by the below Direct Access Selector field.

Access Selection
Mode

T or 16 bits 4 or 8 bits X1 X 11

- Access Selector

Length Control

0 for 4 bits

1 for 8 bits
e D1 3pl acement

Length Control

0 for 7 bits

1 for 16 bits

Direct Access Selector

Displacement

ACCESS SELECTOR FORMATS

An access selector's function is to select an access descriptor.
Access selectors in the instruction stream can be either U4 or 8 bits in
length. When found in data locations other than the current
instruction stream (e.g., when used as operands for object operators),
access selectors are always 16 bits in length and are simply called
access selectors., Four- or eight-bit access selectors are called

direct access selectors when the distinetion 1s required. Access
selectors have one of the following formats.
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Direct Access Selector

2 or 6 bits XX

b0t ENV Selector
00 for Current Contex
01 for Environment
10 for Environment
11 for Environment
Access Index
2 bits used for Short Direct AS,
6 bits used for Long Direct AS.
This value indexes into the selected
Environment to an AD.

ctr
o>
(¢
[¢]
[1}]
[/
/]
=0
o
=
ct
~
%]
-1
-
(=]
e’

1
2
3

Indirect Access Selector

14 bits XX

b—— ENV Selector
00 for Current Context Access Part (ENV 0)

81 for Eanvironament 1
10 for Environment 2
11 for Environment 3

Access Index
14 bits used for Indirect Access Selector,
This value indexes into the selected
Environment to an AD,

BRANCH REFERENCE FORMATS

10 or 16 bits X

- Branch Reference Type
0 for Relative Branch using 10 bits
1 for Absolute Branch using 16 bits
Bit Displacement
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OPCODE ENCODING SUMMARY

OPERATOR

iAPX U432 GDP

CHARACTER OPERATORS

Move Character
Zero Character
One Character
Save Character

AND Character
Inclusive OR Character
Exclusive OR Character
Equivalence Character
NOT Character

Add Character
Subtract Character
Increment Character
Decrement Character

Equal Character

Not Equal Character

Equal Zero Character

Not Equal Zero Character
Less Than Character

Less Than or Equal Character

Convert Character to Short Ordinal

Convert Character to Integer

SHORT-ORDINAL OPERATORS

Move Short Ordinal
Zero Short Ordinal
One Short Ordinal
Save Short Ordinal

AND Short Ordinal
Inclusive OR Short Ordinal
Exclusive OR Short Ordinal
Equivalence Short Ordinal
NOT Short Ordinal

Extract Short Ordinal

Insert Short Ordinal
Significant Bit Short Ordinal

11-10

ORDER OPERAND | CLASS OPCODE
LENGTHS
123
2 b, b 011110 00
1 b 010110 0
1 b 010110 01
1 b 010110 1
3 b, b, b | 011101 000
3 b, b, b | 011101 100
3 b, b, b ] 011101 010
3 b, b, b |} 011101 110
2 b, b 011110 10
3 b, b, b | 011101 001
3 b, b, b | 011101 101
2 b, b 011110 001
2 b, b 011110 101
3 b, b, b | 011101 0011
3 b, b, b |} 011101 1011
2 b, b 011110 011
2 b, b 011110 111
3 b, b, b | 011101 0111
3 b, b, b ] 011101 111
2 b,db 111110 none
2 « W 000001 none
2 db,db 0100 0000
1 db 0000 0000
1 db 0000 0100
1 db 0000 1100
3 db,db,db 0010 0000
3 db,db,db 0010 1000
3 db,db,db 0010 0100
3 db,db,db 0010 1100
2 db,db 0100 1000
3 db,db,db 0010 0010
3 db,db,db 0010 1010
2 db,db 0100 0100
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Instruction Encoding

OPERATOR ORDER OPERAND | CLASS OPCODE
LENGTHS
123

Add Short Ordinal 3 db,db,db 0010 0110
Subtract Short Ordinal 3 db,db,db 0010 1110
Increment Short Ordinal 2 db,db 0100 1100
Decrement Short Ordinal 2 db,db 0100 0010
Multiply Short Ordinal 3 db,db,db 0010 0001
Divide Short Ordinal 3 db,db,db 0010 1001
Remainder Short Ordinal 3 db,db,db 0010 0101
Equal Short Ordinal 3 db,db, b 111101 000
Not Equal Short.Ordinal 3 db,db, b 111101 100
Equal Zero Short Ordinal 2 db, b 100001 00
Not Equal Zero Short Ordinal 2 db, b 100001 10
Less Than Short Ordinal 3 db,db, b 111101 010
Less Than or Equal Short Ordinal 3 db,db, b 111101 110
Convert Short Ordinal to Integer 2 db, w 010001 00
SHORT-INTEGER OPERATORS

Move Short Integer 2 db,db 0100 0000
Zero Short Integer 1 db 0000 000
One Short Integer 1 db 0000 0100
Save Short Integer 1 db 0000 1100
Add Short Integer 3 db,db,db 0010 1101
Subtract Short Integer 3 db,db,db 0010 0011
Increment Short Integer 2 db,db 0100 1010
Decrement Short Integer 2 db,db 0100 0110
Negate Short Integer 2 db,db 0100 1110
Multiply Short Integer 3 db,db,db 0010 01011
Divide Short Integer 3 db,db,db 0010 11011
Remainder Short Integer 3 db,db,db 0010 00111
Equal Short Integer 3 db,db, b 111101 000
Not Equal Short Integer 3 db,db, b 111101 100
Equal Zero Short Integer 2 db, b 100001 00
Not Equal Zero Short Integer 2 db, b 100001 10
Less Than Short Integer 3 db,db, b 111101 001
Less Than or Equal Short Integer 3 db,db, b 111101 101
Positive Short Integer 2 db, b 100001 01
Negative Short Integer 2 db, b 100001 011
Move in Range Short Integer 3 w,db,db 110011 none
Convert Short Integer to Integer 2 db, w 010001 010
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OPERATOR

1APX 432 GDP

-
-
-
N

ORDER OPERAND | CLASS OPCODE
LENGTHS

ORDINAL OPERATORS 123
Move Ordinal 2 W, W 1100 000
Zero Ordinal 1 W 110110 00
One Ordinal 1 W 110110 010
Save Ordinal 1 W 110110 110
AND Ordinal 3 W, Wy, W 1010 000
Inclusive OR Ordinal 3 W, W, W 1010 0100
Exclusive OR Ordinal 3 W, W, W 1010 1100
Equivalence Ordinal 3 W, W, W 1010 0010
NOT Ordinal 2 W, W 1100 100
Extract Ordinal 3 db, w, w { 100011 00
Insert Ordinal 3 db, w, w | 100011 10
Significant Bit Ordinal 2 w,db 101001 00
Add Ordinal 3 W, W, W 1010 1010
Subtract Ordinal 3 W, W, W 1010 0110
Increment Ordinal 2 W, W 1100 010
Decrement Ordinal 2 W, W 1100 1110
Multiply Ordinal 3 W, W, W 1010 1110
Divide Ordinal 3 Wy W, W 1010 0001
Remainder Ordinal 3 W, W, W 1010 1001
Index Ordinal 3 W, W, W 1010 0101
Equal Ordinal 3 w, W, b ] 001011 000
Not Equal Ordinal 3 W, W, b 001011 100
Equal Zero Ordinal 2 W, b 001001 000
Not Equal Zero Ordinal 2 W, b 001001 100
Less Than Ordinal 3 w, Ww, b } 001011 010
Less Than or Equal Ordinal 3 w, w, b | 001011 110
Convert Ordinal to Integer 2 W, W 1100 1110
Convert Ordinal to Temporary Real 2 W,ew 011001 0
INTEGER OPERATORS
Move Integer 2 W, W 1100 000
Zero Integer 1 W 110110 00
One Integer 1 W 110110 010
Save Integer 1 W 110110 110
Add Integer 3 W, W, W 1010 1101
Subtract Integer 3 W, W, W 1010 0011
Increment Integer 2 W, W 1100 0001
Decrement Integer 2 W, W 1100 1001
Negate Integer 2 W, W 1100 1101
Multiply Integer 3 W, W, W 1010 1011
Divide Integer 3 W, W, W 1010 o111
Remainder Integer 3 W, W, W 1010 1M
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OPERATOR ORDER OPERAND | CLASS OPCODE
LENGTHS
=23

Equal Integer 3 W, w, b | 001011 000
Not Equal Integer 3 w, W, b } 001011 100
Equal Zero Integer 2 W, b 001001 000
Not Equal Zero Integer 2 w, b 001001 100
Less Than Integer 3 w, W, b | 001011 001
Less Than or Equal Integer 3 W, W, b } 001011 101
Positive Integer 2 w, b 001001 010
Negative Integer 2 w, b 001001 110
Move in Range Integer 3 dw, w, w { 111011 none
Convert Integer to Character 2 W, b 001001 001
Convert Integer to Short Ordinal 2 w,db 101001 10
Convert Integer to Short Integer 2 w,db 101001 01
Convert Integer to Ordinal 2 W, W 1100 1110
Convert Integer to Temporary Real 2 W,ew 011001 01
SHORT-REAL OPERATORS
Move Short Real 2 W, W 1100 000
Zero Short Real 1 W 110110 00
Save Short Real 1 W 110110 110
Add Short Real 3 W, W,ew 101011 00
Add Temporary Real to Short Real 3 ew, wW,ew 110111 00
Add Short Real to Temporary Real 3 w.,ew,ew | 011011 00
Subtract Short Real 2 w, wew | 101011 10
Subtract Temporary Real :

from Short Real 3 ew, W,ew 110111 10
Subtract Short Real

from Temporary Real 3 w,ew,ew | 011011 10
Multiply Short Real 3 W, w,ew | 101011 01
Multiply Temporary Real

by Short Real 3 ew, w,ew | 110111 01
Multiply Short Real

by Temporary Real 3 w,ew,ew | 011011 01
Divide Short Real 3 W, W,ew | 101011 1
Divide Temporary Real

into Short Real 3 ew, w,ew | 110111 11
Divide Short Real

into Temporary Real 3 w,ew,ew | 011011 11
Negate Short Real 2 W, W 1100 1101
Absolute Value Short Real 2 W, W 1100 0011
Equal Short Real 3 w, W, b | 001011 011
Equal Zero Short Real 2 Ww, b 001001 101
Less Than Short Real 3 W, w, b | 001011 0111
Less Than or Equal Short Real 3 W, w, b ] 001011 1111
Positive Short Real 2 W, b 001001 011
Negative Short Real 2 W, b 001001 11
Convert Short Real

to Temporary Real 2 W,ewW 011001 11
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OPERATOR
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ORDER OPERAND | CLASS OPCODE
LENGTHS

REAL OPERATORS 123,
Move Real 2 dw,dw 000101 00
Zero Real 1 dw 001110 0
Save Real 1 dw 001110 1
Add Real : 3 dw,dw,ew 100111 00
Add Temporary Real to Real 3 evw,dw,ew 001111 00
Add Real to Temporary Real 3 dw,ew,ew | 010111 00
Subtract Real 3 dw,dw,ew | 100111 10
Subtract Temporary Real from Real 3 ew,dw,ew 001111 10
Subtract Real from Temporary Real 3 dw,ew,ew | 010111 10
Multiply Real 3 dw,dw,ew | 100111 01
Multiply Temporary Real by Real 3 ew,dw,ew | 001111 01
Multiply Real by Temporary Real 3 dw,ew,ew | 010111 01
Divide Real 3 dw,dw,ew 100111 11
Divide Temporary Real into Real 3 ew,dw,ew | 001111 11
Divide Real into Temporary Real 3 dw,ew,ew | 010111 1"
Negate Real 2 dw,dw 000101 10
Absolute Value Real 2 dw,dw 000101 01
Equal Real 3 dw,dw, b 000111 0
Equal Zero Real 2 dw, b 111001 0
Less Than Real 3 dw,dw, b | 000111 01
Less Than or Equal Real 3 dw,dw, b 000111 1
Positive Real 2 dw, b 111001 01
Negative Real 2 dw, b 111001 1
Convert Real to Temporary Real 2 dw,ew 100101 none
TEMPORARY-REAL OPERATORS
Move Temporary Real 2 ew,ew 101101 00
Zero Temporary Real 1 ew 101110 0
Save Temporary Real 1 ew 101110 1
Add Temporary Real 3 ew,ew,ew | 011111 00
Subtract Temporary Real 3 eW,ew,ew | 011111 10
Multiply Temporary Real 3 ew,ew,ew | 011111 01
Divide Temporary Real 3 ew,ew,ew | 011111 oM
Remainder Temporary Real 3 ew,ew,ew | 011111 111
Negate Temporary Real 2 ew,ew 101101 10
Square Root Temporary Real 2 ew,ew 101101 01
Absolute Value Temporary Real 2 ew,ew 101101 1

-y
-t
1
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Instruction Encoding
OPERATOR ORDER OPERAND | CLASS OPCODE
LENGTHS
=23
Equal Temporary Real 3 ew,ew, b 1 101111 0
Equal Zero Temporary Real 2 ew, b 010101 0
Less Than Temporary Real 3 ew,ew, b 181111 01
Less Than or Equal Temporary Real 3 ew,ew, b | 101111 11
Positive Temporary Real 2 ew, b 010101 01
Negative Temporary Real 2 ew, b 010101 1
Convert Temporary Real to Ordinal 2 ew, w 110101 0
Convert Temporary Real to Integer 2 eWw, W 110101 01
Convert Temporary Real
to Short Real 2 ew, W 110101 11
Convert Temporary Real tc Real 2 ew,dw 0011701 none
OBJECT OPERATORS
Branch 0 none 100110 none
Branch True 1 b 1000 0
Branch False 1 b 1000 1
Branch Indirect 1 db 0000 0010
Branch Intersegment 1 w 110110 001
Branch Intersegment without Trace 1 W 110110 101
Branch Intersegment and Link 2 W, W 1100 1011
Breakpoint 0 none 11111 none
Copy Access Descriptor 2 db,db 0100 0001
Null Access Descriptor 1 db 0000 1010
Amplify Rights 2 db,db 0100 1001
Restrict Rights 2 w,db 101001 on
Retrieve Type Definition 2 db,db 0100 0101
Create Refinement 3 db, w,dw | 010011 none
Create Typed Refinement -2 dw,dw 000101 1
Create Object 3 db,db, w | 000011 0
Create Typed Object 3 db, w, w | 100011 01
Inspect Access Descriptor 2 db, w 010001 110
Inspect Object 2 db, w 010001 001
Equal Access 3 db,db, b 111101 0011
Move to Embedded Data Value 2 w,db 101001 1M1
Move from Embedded Data Value 2 db, w 010001 110
Lock Object 3 db,db, b | 111101 1011
Unlock Object 2 db,db 0100 1101
Indivisibly Add Short Ordinal 2 db,db 0100 0011
Indivisibly Add Ordinal 2 W, W 1100 0111
Indivisibly Insert Short Ordinal 3 db,db,db 0010 1011
Indivisibly Insert Ordinal 3 db, w, w 100011 011
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OPERATOR ORDER OPERAND | CLASS OPCODE

LENGTHS
23
Enter Environment 1 1 db 0000 0110
Enter Environment 2 1 db 0000 1110
Enter Environment 3 1 db 0000 0001
Copy Process Globals 1 db 0000 1001
Set Context Mode 1 db 0000 0101
Ad just Stack Pointer 2 db,db 0100 01011
Call 2 db, w 010001 101
Call Through Domain 2 db, w 010001 011
Return 0 none 000110 0
Return and Fault 0 none 000110 1
Send 2 db,db 0100 01111
Receive 1 db 0000 1011
Conditional Send 3 db,db, b 111101 0111
Conditional Receive 2 db, b 100001 111
Surrogate Send 3 db,db, w | 000011 1
Surrogate Receive 2 db, w 010001 111
Delay Process 1 db 0000 0111
Send Process 1 db 0000 1111
Set Process Mode 2 db,db 0100 1111
Read Process Clock 1 W 110110 (A
Send to Processor 3 db,db, b 111101 1111
Read Processor Status 1 W 110110 11
Move to Interconnect 3 db,db,db 0010 01111
Move from Interconnect 3 db,db,db 0010 11111
Block Move 3 W, w,db 110001 none
Where:

b byte (8 bits)

db double-byte (16 bits)
W word (32 bits)

dw double-~word (64 bits)
ew extended-word (80 bits)
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CHAPTER 12
FAULT AND TRACE REFERENCE

This chapter provides reference information for the GDP's support of
Faulting and Tracing. The Fault and Trace Areas are defined and fault
encoding are listed.

FAULT REFERENCE

Faults can occur at the following severity levels (the least severe
first):

° Context-level fault: These faults require interruption of the
normal execution of instructions within the currently active
context. When such a fault occurs, information identifying its
cause is recorded by the processor in the Context Fault Data Area
of the process object. The Context Faulted bit in the process
status is set to 1. An intersegment branch is then effectively
executed to offset 64 of the Fault Instruction Object currently
designated as context fault handler (referenced by AD O in the
defining domain).

° Process-level fault: These faults require suspension of the
faulted process and repair by a fault handling process. When such
a fault occurs, the processor is preempted from executing the
currently running process and information about the fault is
recorded in the Process Fault Data area in the process carrier of
the faulted process. The Process Faulted bit in the process status
is set to 1. The Second Port AD in the process carrier is copied
into the Save Port AD location of the process carrier. The carrier
of the preempted process is then sent as a message to the Fault
Port referenced by its process object. The processor then attempts
normal dispatching at its current dispatching port.

° Processor-level fault: The most severe fault disruption of
processing is a processor-level fault., Such a fault requires the
suspension of both the executing process and the normal dispatching
mechanism for the processor. When such a fault occurs, information
about the fault is recorded in the Processor Fault Access and
Processor Fault Data areas of the faulted processor object, If
there is a process associated with the processor which is not
process-faulted, the execution of the process is preempted and it
is forwarded to the second port in its carrier. If the current
process 1is process-faulted, the Message Received bit in the
processor Carrier Status is set to 1 and the incoming message of
the processor carrier is set to reference the current process. The
processor dispatching mode 1is then switched from Normal to
Diagnostic and the processor attempts dispatching at the Diagnostic
Dispateching Port (referenced in the processor object).
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FAULT AREA FORMATS

Fault areas are used to record appropriate fault information. The
information can be used by fault handling software to determine the
nature of the fault and to administer recovery. Each Fault Area has a
fixed format which defines fields for any information that may be
stored by faults at a specific level. Which fields actually contain
valid information after a fault depends on the specific fault.

PROCESSOR FAULT ACCESS AREA

The Processor Fault Access Area in the processor object is organized as
follows:

Access Descriptor
Index (32 bits each)

AD to Current Carrier 8

AD to Current Port 9

The fields have the following meanings:

Current Carrier (AD 8)

This AD references the carrier being operated on by a processor
port operation when the fault occurred.

Current Port (AD 9)

This AD references the port being operated on by a processor port
operation when the fault occurred.
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PROCESS FAULT ACCESS AREA

The Process Fault Access Area in the process access part is organized
as follows: ' ' '

Access Descriptor
Index (32 bits each)

AD to Current Carrier or New AD 8
AD to Current Port 9
AD to Current Surrogate Carrier 10

The fields have the following meanings:

Current Carrier or New AD (AD 8)
As Current Carrier, this AD references the carrier being operated
on by a port operation when the fault occurred. As New AD, this
field is written by the processor when an allocation-related fault

occurs. It then contains the associated access descriptor of the
newly allocated OD.

Current Port (AD 9)

This AD references the port being operated on by a port operation

tthan Flha Fainl e AanaAiimma A
WIICE: UG 1 AUl v UvLUl Ll SUe

Current Surrogate Carrier (AD 11)

This AD references the unrefined surrogate carrier specified by an

interprocess SURROGATE SEND or SURROGATE RECEIVE instruction that
faulted.
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ALLOCATION FAULT AREA
The Allocation Fault Area in the Process Object is organized as follows:
Byte
Destination Displacement 14 Displacement
Destination Access Selector 12
10
— SRO AD Image —
8
The fields that constitute the Allocation Fault Area have the following
meanings:
SRO AD Image (Bytes 8 - 11)

This 32-bit field 1is written by the processor when an
allocation-related fault occurs. It then contains the image of the
associated access descriptor for the specified SRO. A value of
zero indicates the process allocation stack was specified.

Destination Access Selector (Bytes 12 - 13)

This 16-bit field is written by processor when an
allocation-related fault occurs. It is the access selector for the
destination AD associated with the newly allocated object
descriptor. In certain operators, this field contains the access

selector of the data object where a boolean result should be
stored.

Destination Displacement (Bytes 14 - 15)

12-4
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FAULT DATA AREA

The Fault Data Area is a iU8-byte record organized as follows:

Byte
n+46 Displacement

B First Fault Data Item ]

— _—
n+38
n+36

B Second Fault Data Item ]

B - n+28
n+26
n+24

Fault Displacement n+22
Fault Access Selector n+20
Fault Code n+18
Faulted Operator ID# n+16
Processor Status n+14
Process Status n+12
Fault Status n+10
Pre-Inst. Stack Pointer n+8
Post-Inst. Stack Pointer n+6
Pre-Inst. Instruction Pointer n+4
Post-Inst. Instruction Pointgr n+2
Faulted Inst. Obj. DAI n
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The Fault Data Area for context-, process-, and processor-level faults
has the same organization (shown above). Process objects contain Fault
Data Areas for context- and process-level faults. Processor objects
contain Fault Data Areas for processor-level faults. The fields in the
Fault Data Area are interpreted as follows:

Faulted Inst. Obj. DAI (Bytes n thru n+1)
Records the DAI for the instruction object in which the faulted
instruction is located.

Post-Inst., Instruction Pointer (Bytes n+2 thru n+3)
Records the instruction pointer of the instruction physically
following the instruction that caused the fault. If the fault
occurred during instruction decoding, this field is undefined.

Pre-Inst. Instruction Pointer (Bytes n+4 thru n+5)

Records the instruction pointer of the instruction which caused the
fault.

Post-Inst. Stack Pointer (Bytes n+6 thru n+7)
Records the operand stack pointer at the time the fault occurred.
This value should be incremented by 2 if the Post-Inst. Stack Full
bit in the Fault Status is 1.

Pre-Inst. Stack Pointer (Bytes n+8 thru n+9)
Records the operand stack pointer at the beginning of the
instruction that caused the fault. This value should be
incremented by 2 if the Pre-Inst. Stack Full bit in the Fault
Status is 1.

Fault Status (Bytes n+10 thru n+11)
The Fault Status field has the following organization:

15 43210

XXXX P

L——- Result Destination
b= Inexact Result
Pre-Inst. Stack Full
Post-Inst. Stack Full
Execution Phase

These fields are interpreted as follows:

Result Destination (Bit 0)

This bit records where the operand destination should have
been:

0 -~ Destination was the operand stack

1 -~ Destination was in memory
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Inexact Result (Bit 1)
This bit records whether the generated result was exact or
inexact:
0 - exact
1 - inexact

Pre=Inst. Stack Full (Bit 2)

This bit records whether the 16-=bit top of stack register

AT viiTl wvis U= vy vawn
(within the GDP) was occupied at the beginning of the faulted
instruection:
0 - empty

1 - occupied

Post-Inst. Stack Full (Bit 3)

This bit records whether the top-of-stack register (within the
GDP) was occupied when the instruction faulted:

0 - empty

1 - occupied

Execution Phase (Bits 12 - 15)
This 4-bit field records a value that indicates the phase of
execution when the fault occurred. It is used to identify
fault handling strategies in the more complex operators. A
value of zero indicates that the instruction can be
re-executed with no fault handling repair of data necessary.

Process Status (Bytes n+12 thru n+13)

This 16-bit field records the process status at the time the fault
ocecurred.

Processor Status (Bytes n+14 thru n+15)
This 16-bit field records the processor status at the time the
fault occurred.

Faulted Operator ID# (Bytes n+16 thru n+17)
If the fault occurred during instruction decoding, this field is
zZero. Otherwise, this field records the operator ID# of the
faulted instruction.

Fault Code (Bytes n+18 thru n+19)
The Fault Code field contains a processor-written 16-bit encoding
that indicates the specific fault that occurred. The detailed

encodings of this field are defined in subsequent sections of this
chapter.

Fault Access Selector (Bytes n+20 thru n+21)
The interpretation of this field varies depending on the specifie
fault, See the following sections of this chapter for more
details,

Fault Displacement (Bytes n+22 thru n+23)
The interpretation of this field varies depending on the specific
fault. See the following sections of this chapter for more
details.
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Second Fault Data Item (Bytes n+28 thru n+37)

The wvalue in this field depends on whether the fault is
pre-operation or post-operation:

) If the fault is pre-operation, this field contains the value
of the source operand 1. Unused high-order bits are
undefined.

) If the fault is post-operation, this field is not defined.

First Fault Data Item (Bytes n+38 thru n+47)

The value in this field depends on whether the fault is
pre-operation or post-operation:

] If the fault is pre-operation, this field contains the value
of the source operand 2. Unused high-order bits are
undefined.

° If the fault is post-operation, this field contains the value
of the exceptional result. Unused high-order bits are
undefined.

PROCESS FAULT RESTART AREA

The Process Fault Restart Area in a Process Carrier Object is organized
as follows:

Byte
Instruction Pointer 22 Displacement
Instruction Object DAI 20
Operand Stack Pointer 18
Restart Status 16

The fields that constitute the Process Fault Restart Area have the
following meanings:

Restart Status (Bytes 16 - 17)
The lower bit of this field is the Restart Boolean and determines
whether the next 3 fields (Operand Stack Pointer, Instruction

Ob ject DAI, and Instruction Pointer) should be copied by the GDP
into the corresponding entries of the current context when the

process is restarted. The Restart Boolean also determines whether

the entire Restart Status field will be copied into the Process
Status for the process. (The Restart Boolean bit itself will thus

be copied into the Unbound bit in the Process Status; the Unbound
bit is cleared when the process is bound to the processor). If the
Restart Boolean is false, no copy is performed. Otherwise, the
three context fields and one process field are copied, then the
Restart Boolean bit 1is cleared by the processor. This allows
restarting a faulted process without changing the current context.
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Operand Stack Pointer (Bytes 18 - 19)

Instruction Object DAI (Bytes 20 - 21)

Instruction Pointer (Bytes 22 - 23)
These three fields have the same interpretation as the
corresponding fields in the context object.

FAULT CODES

FAULT TYPES

Faults are categorized into seven general types as determined by bits 5
through 8 of the Fault Code field:

15 8 7 0

X XxxxxxT TTTx x x XX

In subsequent encoding diagrams in this chapter, the x values designate
bits that are undefined for the particular fault type being described.
The TTTT bits shown above are used to encode the general type of the
fault that occurred. In addition to the TTTT bits, certain of the
other bits in the Fault Code are used to further encode the nature of
the fault.

The following list defines the TTTT encodings and gives a two letter
mnemonic for the fault type. These mnemonics are used throughout this
chapter.

TYPE TTTT MNEM Faults

0000 FF All other faults not named here

0001 IP Instruction Pointer Overflow fault

0010 TS Test Object Type or Entry Type faults

0100 SO Segment Overflow fault

0101 MO Memory Overflow fault (physical addr >= 2¥¥24)
0110 RR Read Rights fault »

0111 WR Write Rights fault

OVt EN-—=O

TTTT values 3 and 8 through 15 are undefined.
All faults of types 1 through 7 are process-level faults. Subsequent

sections of this chapter describe the more detailed fault encodings for
the different fault types.
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Type 0 Faults

Type 0 faults have the following bits defined in the Fault Code field:

15 8 7 0

X xxxxLLO 000X EEEE

The LL bits encode the fault level as follows:

LL Desecription
00 Context-Level Faults
01 Process-Level Faults (group 1)

10 Process-Level Faults (group 2)
11 Processor-Level Faults

The EEEE bits encode the specific fault within the level group.

The following Type 0 Fault List presents the type 0 faults in the order
of their encoding. The encoding column of this table (and of other
tables in the following sections) contains the LL EEEE bits if the type
is 0 (FF).
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TYPE O FAULT LIST

FAULTS | TYPE | ENCODING
: - e — LL EEEE~
Domain Error FAult c..eeeeeececssccscscsssecsessesss JO (FF)] 00 0000
OVErfloWw FAUIL ceeececvenccnscsscsscscscscscscscsnss JO (FFJJ GO 000A
UNderflow FAULL ceeececessccccccccscccssccsesecessss |0 (FF)] 00 0010
Inexact FAUlt v.ceeeceeccscccacecacccsccscscssesssss JO (FF)] 00 0011
Return FAUlt cececeeccscsccscasscscacscscssnscsssses |0 (FF)] 00 0100

LL EEEE=
(FF)] 01 0000
(FF)} 01 0001
(FF)] 01 0010
(FF)} 01 0011
(FF)] 01 0011
(FF)} 01 0100
(FF)| 01 0101
(FF)| 01 0101
(FF){ 01 0101
(FF)| 01 0101
(FF)§ 01 0101
(FF)| 01 0101
(FF)] 01 0110
(FF)} 01 0110
(FF)} 01 0110
(FF)§ 01 0110
(FF)] 01 0110

2 e ~aanm

(FFjg 01 0110
(FF)} 01 0110
(FF)] 01 0111
(FF)] 01 0111
(FF)] 01 0111
(FF)] 01 1000
(FF)§} 01 1000
(FF)] 01 1000
(FF)}] 01 1001
(FF)| 01 1001
(FF)} 01 1001
(FF)] 01 1001
(FF)} 01 1001
(FF)} 01 1010
(FF)] 01 1010
(FF)| 01 1010
(FF)] o1 1011
(FF)} 01 1100
(FF)] 01 1101
(FF)| o1 1110
(FF)Y 01 1111
LL EEEE=
(FF)| 10 0000
(FF){ 10 0000

Access Descriptor Validity Fault ...ccceccecccsnnaas
Object Descriptor Fault .eececececccccccccccsscasnes
Domain Access Index Overflow Fault ..ceecececsccccees
Destination Delete Rights FAull .eeeecececccccsannss
Race Condition Fault .ecesececccccsnccsscccscsaconns
Level FAult tuiueeeescocersaconcosccssccncsscscscnncs
Access Path Object Descriptor Validity Faults ......
Instruction Object Type Rights Fault ....eeececccens
0dd Interconnect Descriptor Base Address Fault .....
Source AD Validity Fault ..eeceeseccccccccaseccncans
Surrogate Carrier Validity ceecceceecccccccscscncocss
Surrogate Carrier Type Rights Fault ..ceeeeecenscens
Context Parameters Size Faults .ceeeececccccccsccscss
TCO Type Rights Fault ...ceceececcccsccasssccnncnnane
Odd Displacement Fault ..ceccccceccccccsscescsasoscen
Port Type Rights FAult .ecececcecccccssnscccsasccnsss
PCO Type Rights Fault ...cceeeccccccccscsccccsconnsns
Process Object Type HRights FAULT sececevccsccsccscecs
Source Representation Rights Fault ...ccecceecccccess
Context Object Type Rights Faulf .eeeevececsscccccase
SRO Type Rights Fault ..cceeccecocscsscccccscccsccnne
Destination Port Type Rights Fault ..iccevecaccccees
Clear Memory Size Fault ..cceeeecccesscccscccsacnces
Process Object Access Mismatch Fault ..cveecceccceee
Type Faull .seiceencescecccccssrecsvscscssnscccscanncns
Carrier Lock FAult ...iceeeeeeeecscscsascssssssscnnss
Object Lock ID/Type Fault ...ceeecsccccccccccscccces
Offset and Length Compatibility Fault .eeecececccess
PSO Lock Fault ..ceesecesccsesccccscccsccascsscccces
SRO Lock FAUlL ceeevacosncecccscsssacsssssccsncsnnsns
Domain Access Index Overflow Fault ..ccesecevcececse
Port Lock FAUll ..iceeecececoonsascssscscossscscsccas
Refinement Overflow Fault ..ccececccceccccccssccscss
Object Descriptor Exhaustion Fault ...ceceecceccscces
Carrier Queued Fault ..iicececscesccscscscccscenssnns
Storage Block Index Overflow Fault ccecececescrccnes
Storage Block Fragmentation Fault ..ccccccccesccecss
Storage Claim Underflow Fault ...cececescsceccscocnce

=R eRoReReReR=R»ReleNoRoNoleNoloNeoNoNoNaNoloNeNoleNololeNo oo lejololNe R Re)

Instruction Fetch Fault ® 9 9 00 9 00 0000 S OSSO PSS SESeOS
Instruction Object Displacement Fault ...cceceeccecce

[@ N o)
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FAULTS | TYPE | ENCODING
LL EEEE=

(FF)] 11 0000
(FF){ 11 0001
(FF)] 11 0001
(FF)| 11 0010
(FF)} 11 o011

Bus Error Fault .ceeecececcsccsescsccsccooncsscccnses
Process Level Objects Lock Fault ...eececcccsccovcns
Process Lock Fault ...ecececcescraccoscccccccscnsosns
PCO Response Count Fault .....cccocvcevvaccrccccocccs
PCO Lock FAaUlt sievveeeveccrscrssccocascsnsossnannnse

[eNeNoNeNe)

Type 1 Faults

Type 1 faults have only the TTTT bits defined in the Fault Code field
to distinguish it., A Type 1 fault is for an instruction pointer
overflow during a relative branch.

Type 2 Faults

Type 2 faults have the following bits defined in the Fault Code field:

15 8 7 0

ZQxxxxx 90 01T 0KKKKK

The Z bit indicates whether the fault resulted with testing the object
type or the object table entry type. The Z bit is defined as follows:

0 - OTE type test
1 - Object type test

The Q bit indicates whether the fault is associated with object table
qualification, It thus determines the meaning of the Fault Access

Selector and Fault Displacement fields in the fault data area as
follows:

0 - The fault did not occur during object table qualification and
the Fault Access Selector and Fault Displacement fields
contain the indices in the associated access descriptor.

1 - The fault occurred during object table qualification and the
Fault Displacement field contains the directory index.
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The Z bit determines two alternate interpretations of the KKKKK bits as
follows:

Z=0 (fault because of object table entry type test). The KKKKK
bits encode the expected values of the 1least-significant 5
bits of the object table entry. Their meanings are thus
determined by the expected Entry Type of the object table

entry. The following case is for a storage descriptor:
entry. 1s 1for a storage ptor:

12T A VaaUWLi: -~ AT AN

432 10
Z_“

K K K 11'
¢

— Entry Type

00 -~ Free Entry or Header Entry

10 - Refinement Descriptor

11 - Storage Descriptor
b 0D Valid (0 - Not Valid, 1 - Valid)
DP Valid (0 = Not Valid, 1 - Valid)
Allocated (0 - No, 1 - Yes)

Z

1 (fault because of system type test). The KKKKK bits encode
the expected value of the System Type field in the faulted
object table entry:

KKKKK ~ SYSTEM TYPE

00000 Generic object

00001 Ohiject Table Object
00010 Domain Object

00011 Instruction Object
00100 Context Object

00101 Process Object

00110 Processor Object

00111 Port Object

01000 Carrier Object

01001 Storage Resource Object
01010. Physical Storage Object
01011 Storage Claim Object
01100 Dynamic Type Object
01101 Type Definition Object
01110 Type Control Object
01111 RESERVED

10000 Processor Communication Object
10001

thru RESERVED

The encoding column of the tables in the later sections of this chapter
contains the Z KKKKK bits if the type is 2 (TS).
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Types 4,5,6,7 Faults

These faults have the following bits defined in the Fault Code field:

15 8 7 0

IZWAAAXXT TTTxSSSS

These fault types are memory access faults. The W bit indicates
whether the fault occurred on a read or write:

0 - Faulted on Read
1 - Faulted on Write

The AAA and Z bits indicate the type of memory access that faulted:

AAA  Z TYPE OF ACCESS

Oxx x  Storage Address Space (Data Part)
The storage segment being accessed is indicated by
the SSSS bits. Displacement is given by the Fault
Displacement field in the Fault Data Area.

110 0 Storage Address Space (Access Part)
The storage segment being accessed is indicated by
the S3SS bits. Displacement is given by the Fault
Displacement field in the Fault Data Area,

100 X Access Environment
The access selector of the segment is given by the
Fault Access Selector in the Fault Data Area.

110 1 Interconnect Address Space
Displacement is given by the Fault Displacement
field in the Fault Data Area,

111 X Operand Stack :
Displacement 1is given by the Post-Inst. Stack
Pointer field in the Fault Data Area.
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The SSSS bits are defined for accesses to both the storage address

space (data part or access part) and interconnect address space. The
SSSS bits are defined as follows:

SSSS OBJECT BEING ACCESSED

0000 Context Access Part

0101 Processor Object

0111 Process Object

1000 Instruction Object

1010 Defining Domain

1011 Process Carrier

1100 Context Data Part

1101 Object Table Directory

1110 Object Cache (The Fault Access Selector field contains
the Access Selector of the object).

1111 Object Table Cache (The Fault Access Selector field bits

4-15 contains the directory index from the AD).

S3SS values 0001, 0010, 0011, 0100, 0110, and 1001 are undefined.
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GENERAL FAULT GROUPS

The following faults can occur anywhere during the execution of
an operator or sub-operation (which includes instruction decoding,
process dispatching, binding etc.). These faults are not explicitly
referenced in the later sections, The => symbol indicates that the
group name preceding it stands for any of the possible faults that are
listed after it., A group name is used in this table (and others in
this chapter) by enclosing the name in angle brackets <like so>. This

indicates that any of the possible faults of that named group are
included.

FAULT GROUPS | TYPE | ENCODING

Memory Reference Faults =>

Segment Overflow Fault 4 (s0)
Memory Overflow Fault 5 (MO)
Read Rights Fault 6 (RR)
Write Rights Fault 7 (WR)
Bus Error 0 (FF)} 01 0010

Instruction Fetch Fault

o

(FF)] 10 0000

Data Part Cache Qualification Faults =>
Data Part Altered Faults =>

Access Descriptor Validity Fault 0 (FF)] 01 0000
Object Descriptor Type Fault 2 (TS)] o 11111
2 (TS)] 0 01110
Object Table Cache Qualification Faults =>
Object Descriptor Type Fault 2 (TS)f 0 11111
Object Type Fault 2 (Ts)] 1 00001
Access Environment Altered Faults =>
Access Descriptor Validity Fault 0 (FF)| 01 0000
Object Descriptor Fault 0 (FF)| 01 0001
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DATA OPERATOR FAULT GROUPS

F AULT GROUP | TYPE | ENCODING
- LL EEEE-
i i
Domain Error Fault 10 (FF)| 00 0000
Overflow Fault {0 (FF)| 00 0001
Underflow Fault |0 (FF)| 00 0010
Inexact Fault {0 (FF)| 00 0011
| |
DATA OPERATOR FAULTS

The following table defines the data operator faults for the GDP. The
R and P columns indicate whether or not the operator makes use of the
Rounding Control bits or the Precision Control bits, respectively, in
the context status. An x in a column indicates that the operator does
make use of the corresponding control bits. A number in parentheses
following a fault type in data manipulation operators specifies the
nature of the exceptional result that is produced when that
post-operation fault occurs. These numbered notes are defined as

follows:

Exceptional result (in the First Fault Data Item) is undefined.
Exceptional result (in the First Fault Data Item) is the
single source operand.

(3) Exceptional result (in the First Fault Data Item) has correct

significand with wrapped-around exponent.

(4) The fault occurs only if the inexact control bit in the
process status is set. The First Fault Data Item contains the
exceptional result.

1
2

o~~~
N’ N
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OPERATOR R|P FAULTS COMMENT

Move Character -]-1 None
Zero Character -]-1 None
One Character ~l-1 None
Save Character -]-| None
AND Character ~]-! None
Inclusive OR Character |-|-]| None
Exclusive OR Character |-]-] None
Equivalence Character -|=] None
NOT Character -}-] None
Add Character ~}-1 Overflow(1) True result is > 255
Subtract Character -|-] overflow(1) True result is < 0
Increment Character ~-]-] Overflow(1) Attempt to increment 255
Decrement Character -|=] Overflow(1) Attempt to decrement O
Equal Character -}-] None
Not Equal Character ~]-] None
Equal Zero Character -}-] None
Not Equal Zero

Character -}-1 None
Less Than Character -{-] None
Less Than or Equal

Character -}-] None
Convert Character to

Short Ordinal -]-1 None
Convert Character to

Integer ~|-] None
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OPERATOR R|P FAULTS COMMENT
Move Short Ordinal -i-§ None
Zero Short Ordinal -}-1 None
One Short Ordinal -]-] None
--Save Short Ordinal —1=f None -

AND Short Ordinal -1-{ None
Inclusive OR

Short Ordinal -}-1 None
Exclusive OR

Short Ordinal -]-1 None
Equivalence

Short Ordinal -j=] None
NOT Short Ordinal -[—-{ None
Extract Short Ordinal -}-{ None
Insert Short Ordinal -}-1 None
Significant Bit

Short Ordinal -}-] None
Add Short Ordinal ~|={ Overflow(1) True result is > 65,535
Subtract Short Ordinal l-l-1 Overflow(1) True result is < 0
Increment

Short Ordinal -|-} Overflow(1) Attempt to increment 65,535

Decrement

Short Ordinal -j-1 Overflow(1) Attempt to decrement 0
Multiply Short Ordinal }-}-] Overflow(1) True result is > 65,535
Divide Short Ordinal —1-1 Domain Error | Division by zero
Remainder

Short Ordinal -{-}{ Domain Error Division by zero
Equal Short Ordinal -}~ None
Not Equal

Short Ordinal -|-} None
Equal Zero

Short Ordinal -]-1 None
Not Equal Zero

Short Ordinal -]-1 None
Less Than

Short Ordinal -}-1 None
Less Than or Equal

Short Ordinal -]-1 None
Convert Short Ordinal

to Integer -|-~1 None

12-19



Fault and Trace Reference

FAULTS

iAPX 432 GDP

COMMENT

OPERATOR R
Move Short Integer -
Zero Short Integer -

One Short Integer -
Save Short Integer -

Add Short Integer -
Subtract Short Integer |-

Increment
Short Integer -
Decrement
Short Integer -
Negate Short Integer -
Multiply Short Integer |-

Divide Short Integer -

Remainder
Short Integer -

Equal Short Integer -
Not Equal
Short Integer -
Equal Zero
Short Integer -
Not Equal Zero
Short Integer -
Less Than
Short Integer -
Less Than or Equal
Short Integer -
Positive Short Integer |-
Negative Short Integer |-
Range Check
Short Integer -

Convert Short Integer
to Integer -

12-20

None
None

None
None
Overflow(1)

Overflow(1)

Overflow(1)
Overflow(1)
Overflow(1)
Overflow(1)

Domain Error
Overflow(1)

Domain Error
None

None

None

None

None

None

None

None
Underflow(1)
Overflow(1)

None

True result is > 32,767 or
< -32,768

True result is > 32,767 or
< -32 0768

Attempt to increment 32,767

Attempt to decrement -32,768
Attempt to negate -32,768
True result is > 32,767 or

< -32,768
Division by zero
Division of -32,768 by -1

Division by zero

< lower bound
> upper bound
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OPERATOR R{P FAULTS COMMENT
Move QOrdinal ~1-1 None
Zero Ordinal —]-] None
One Ordinal ~]-|] None
Save Ordinal -1-1 None
AND Ordinal ~1-] None
Inclusive OR Ordinal -]-{ None
Execlusive OR Ordinal -1-1 None
Equivalence Ordinal —-]-] None
NOT Ordinal ~]-} None
Extract Ordinal -}-| None
Insert Ordinal -1-1 None
Significant Bit
Ordinal -1-1 None
Add Ordinal : -]-1 Overflow(1) True result is
> 4,294,967,295
Subtract Ordinal -{-] Overflow(1) True result is < 0
Increment Ordinal -}-] Overflow(1) Attempt to increment
4,294,967,295
Decrement Ordinal -{-] Overflow(1) Attempt to decrement 0
Multiply Ordinal ~-}-| Overflow(1) True result is
> 4,294,967,295
Divide Ordinal -{-] Domain Error Division by zero
Remainder Ordinal ~1-] Domain Error | Division by zero
Index Ordinal -}-] None
Equal Ordinal -{-] None
Not Equal Ordinal =}-] None
Equal Zero Ordinal -}-| None
Not Equal Zero Ordinal |-|-] None
Less Than Ordinal -|-] None
Less Than or Equal
Ordinal -1-] None
Convert Ordinal
to Integer -}-| Overflow(2) Attempt to convert
ordinal with non-zero
high order bit
Convert Ordinal
to Temporary Real -}-1 None
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OPERATOR R FAULTS COMMENT
Move Integer - None
Zero Integer - None
One Integer - None
Save Integer - None
Add Integer - Overflow(1) True result is
> 2,147,483,647 or
< =2,147,463,648
Subtract Integer - Overflow(1) True result is
> 2,147,483,647 or
< -2,147,483,648
Increment Integer - Overflow(1) Attempt to increment
2,147,483,647
Decrement Integer - Overflow(1) Attempt to decrement
-2,147,483,648
Negate Integer - Overflow(1) Attempt to negate
-2,147,483,648
Multiply Integer - Overflow(1) True result is

Divide Integer -

Remainder Integer -

Equal Integer -
Not Equal Integer -

Equal Zero Integer -
Not Equal Zero Integer |-
Less Than Integer -
Less Than or Equal
Integer -

Positive Integer -
Negative Integer -
Range Check Integer -

Convert Integer -
to Character

Convert Integer -
to Short Ordinal

Convert Integer -
to Short Integer

Convert Integer -
to Ordinal
Convert Integer -
to Temporary Real
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Domain Error
Overflow(1)

Domain Error

None
None
None

None
None
None

None
None

Underflow(1)
Overflow(1)

Overflow(2)

Overflow(2)

Overflow(2)

Domain Error

None

> 2,147,483,647 or
< -2,147,483,648
Division by zero

Division of -=2,147,483,648

by -1
Division by zero

< lower bound
> upper bound

Attempt to convert
integer whose value is
> 255 0r <0

Attempt to convert
integer whose value is
> 65,535 or < O

Attempt to convert
integer whose value is
> 32,767 or < -32,768

Attempt to convert a
negative integer value
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OPERATOR R}P FAULTS COMMENT
Move Short Real -}—§ None
Zero Short Real -{-} None
Save Short Real -|-1 None
Add Short Real x|x} Domain Error Invalid operand
Inexact(4) Inexact result
Add Temporary Real
to Short Real x{x{ Domain Error Invalid operand
Overflow(3) Exponent of true result is
> 16,383
Underflow(3) | Exponent of true result is
< -16,382
Inexact(4) Inexact result
Add Short Real '
to Temporary Real x|x] Domain Error Invalid operand
Overflow(3) Exponent of true result is
> 16,383
Underflow(3) | Exponent of true result is
< -16,382
Inexact(l) Inexact result
Subtract Short Real x{x3 Domain Error | Invalid operand
Inexact(l) Inexact result
Subtract Temporary
Real from Short Real |x]x] Domain Error Invalid operand
Overflow(3) Exponent of true result is
> 16,383
Underflow(3) | Exponent of true result is
< -16,382
Inexact(l) Inexact result
Subtract Short Real
from Temporary Real x{x{ Domain Error Invalid operand
Overflow(3) Exponent of true result is
> 16,383
Underflow(3) Exponent of true result is
< -16,382
Inexact(4) Inexact result
Multiply Short Real x}x| Domain Error Invalid operand
Inexact(4) Inexact result
Multiply Temporary
Real by Short Real x}x} Domain Error Invalid operand
Overflow(3) Exponent of true result is
> 16,383
Underflow(3) Exponent of true result is
< -16,382
Inexact () Inexact result
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OPERATOR R

FAULTS

iAPX 432 GDP

COMMENT

Multiply Short Real
by Temporary Real X

Divide Short Real X

Divide Temporary
Real into Short Real |x

Divide Short Real
into Temporary Real X

Negate Short Real -

Absolute Value

Short Real -

Equal Short Real -
Equal Zero Short Real -
Less Than Short Real -

Less Than or Equal

Short Real -
Positive Short Real -
Negative Short Real -

Convert Short Real to

Temporary Real -
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Domain Error
Overflow(3)

Underflow(3)

Inexact(l)
Domain Error

Inexact(l4)

Domain Error

Overflow(3)
Underflow(3)
Inexéct(u)
Domain Error
Overflow(3)
Underflow(3)
Inexact(4)
Domain Error
Domain Error
Domain Error
Domain Error
Domain Error
Domain Error

Domain Error
Domain Error

Domain Error

Invalid operand

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand or
division by zero

Inexact result

Invalid operand, division
by zero, or division
by unnormalized value

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand or
division by zero

Exponent of true result is
> 16,383

Exponent of true result is

- < -16,382

Inexact result

Invalid operand
Invalid operand
Invalid operand
Invalid operand
Invalid operand
Invalid operand

Invalid operand
Invalid operand

Invalid operand
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OPERATOR

Move Real
Zero Real
Save ‘Real
Add Real

Add Temporary Real
to Short Real

Add Real to
Temporary Real

Subtract Real

Subtract Temporary
Real from Real

Subtract Real from
Temporary Real

Multiply Real

Multiply Temporary
Real by Real

Fault and Trace Reference

COMMENT

FAULTS
—

None
None
None

Domain Error
Inexact(4)

Domain Error
Overflow(3)

Underflow(3)
Inexact{y)

Domain Error
Overflow(3)

Underflow(3)
Inexact(Y)
Domain Error

Inexact(}4)

Domain Error
Overflow(3)

Underflow(3)
Inexact(4)

Domain Error
Overflow(3)

Underflow(3)
Inexact(4)
Domain Error

Inexact ()

Domain Error
Overflow(3)

Underflow(3)

Inexact(l)

Invalid operand
Inexact result

Invalid operand
Exponent of true
> 16,383
Exponent of true
< -16,382
Inexact result

Invalid operand
Exponent of true
> 16,383
Exponent of true
< -16,382
Inexact result
Invalid operand
Inexact result

Invalid operand
Exponent of true
> 16,383
Exponent of true
< -16,382
Inexact result

Invalid operand
Exponent of true
> 16,383
Exponent of true
< -16,382
Inexact result
Invalid operand
Inexact result

Invalid operand
Exponent of true
> 16,383
Exponent of true
< -16,382
Inexact result

result

result

result

result

result

result

result

result

result

result

is

is

is

is

is

is

is

is

is

is
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OPERATOR R

FAULTS

iAPX 432 GDP

COMMENT

Multiply Real by
Temporary Real X

Divide Real X

Divide Temporary Real
into Real X

Divide Real into
Temporary Real X

Negate Real -
Absolute Value Real -

Equal Real -
Equal Zero Real -
Less Than Real -
Less Than or Equal Reall-
Positive Real -
Negative Real -

Convert Real to
Temporary Real -
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Domain Error
Overflow(3)

Underflow(3)

Inexact(l)
Domain Error

Inexact(U4)

Domain Error

Overflow(3)
Underflow(3)
Inexact(4)
Domain Error
Overflow(3)
Underflow(3)

Inexact(4)
Domain Error
Domain Error

Domain Error
Domain Error
Domain Error
Domain Error
Domain Error
Domain Error

Domain Error

Invalid operand

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand or
division by zero

Inexact result

Invalid operand, division
by zero, or division
by unnormalized value

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand or
division by zero

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand

Invalid operand

Invalid operand
Invalid operand
Invalid operand
Invalid operand
Invalid operand
Invalid operand

Invalid operand
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OPERATOR

FAULTS

Fault and Trace Reference

COMMENT

Move Temporary Real
Zero Temporary Real
Save Temporary Real

Add Temporary Real

Subtract
Temporary Real

Multiply
Temporary Real

Divide Temporary Real

Remainder
Temporary Real

Negate Temporary Real
Square Root
Temporary Real

Absolute Value
Temporary Real

None

None
None

Domain Error

Overflow(3)
Underflow(3)
Inexact(l)

Domain Error
Overflow(3)

Underflow(3)
Inexact (1)

Domain Error
Overflow(3)

Underflow(3)
Inexact(4)
Domain Error
Overflow(3)
Underflow(3)
Inexact(4)

Domain Error

Underflow(3)
Domain Error

Domain Error

Inexact(l4)

Domain Error

Invalid operand

Exponent of true result i
> 16,383

Exponent of true result is
< -16,382

Inexact result

™
(7]

Invalid operand

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand, division
by zero, or division
by unnormalized value

Exponent of true result is
> 16,383

Exponent of true result is
< -16,382

Inexact result

Invalid operand, division
by zero, or division
by unnormalized value
Exponent of partial result
< -16383 A
Invalid operand

Invalid operand,

unnormalized operand, or

non-zero negative operand
Inexact result

Invalid operand
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OPERATOR R

FAULTS

iAPX 432 GDP

COMMENT

Equal Temporary Real -

Equal Zero Temporary

Real -

Less Than

Temporary Real -

Less Than or Equal

Temporary Real -

Positive Temporary

Real -

Negative Temporary

Real -

Convert Temporary Real
to Ordinal X

Convert Temporary Real
to Integer X

Convert Temporary Real
to Short Real X

Convert Temporary Real
to Real X

Domain Error

Domain Error

Domain Error

Domain Error

Domain Error

Domain Error

Domain Error

Overflow(2)
Inexact(y4)
Domain Error

Overflow(2)

Inexact(4)
Domain Error
Overflow(2)
Underflow(2)
Inexact(H4)
Domain Error
Overflow(2)
Underflow(2)

Inexact(l4)

Invalid operand or
unnormalized operand

Invalid operand or
unnormalized operand

Invalid operand or
unnormalized operand

Invalid operand or
unnormalized operand

Invalid operand or
unnormalized operand

Invalid operand or
unnormalized operand

Invalid operand,
unnormalized operand or
negative operand

Temporary real value is
> 4,294,967,295

Inexact result

Invalid operand or
unnormalized operand
Temporary real value is
> 2,147,483,647 or

< -2,147,483,648
Inexact result

Invalid operand or
unnormalized operand
Temporary real value has

exponent > 127
Temporary real value has

exponent < =126
Inexact result

Invalid operand or
unnormalized operand
Temporary real value has

exponent > 1023
Temporary real value has

exponent < -1022
Inexact result
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SUB-OPERATOR FAULT GROUPS

FAULT GROUPS | TYPE ] ENCODING

Store Access Descriptor Faults =)

Level Fault 0 (FF){ 01 0100

Destination Delete Rights Fault 0 (FF)] 01 0011
Object Qualification Faults =>

Access Descriptor Validity Fault 0 (FF)| 01 0000

Object Descriptor Fault 0 (FF)| 01 0001

Object Descriptor Type Fault 2 (Ts)] o 10111

2 (T3)} 0 11111

Descriptor Allocation Faults =>

SRO Type Rights Fault 0 (FF){ 01 0111

<Object Qualification Faults (SRO)> 2 (TS)| 1 01001

Object Descriptor Type Fault 2 (TS)} 0 00100

Object Descriptor Exhaustion Fault 0 (FF)} 01 101

Object Descriptor Type Fault 2 (TS)| 0 00000
Segment Allocation Faults =>

<Object Qualification Faults (Claim)> 2 {Ts)} 1 o10M

<{Object Qualification Faults (PS0)> 2 (Ts)} 1 01010

PSO Lock Fault 0 (FF)} 01 1001

Storage Block Index Overflow Fault 0 (FF)}] 01 1101

(missing last block bit)

Storage Block Fragmentation Fault 0 (FF)| 01 1110

Storage Claim Underflow Fault 0 (FFYI 01 1111

Clear Memory Size Fault 0 (FF)| 01 1000
Port Operation Faults =>

<0Ob ject Qualification Faults (Carrier)> 2 (TS){ 1 01000

<Object Qualification Faults (Port)> 2 (TsS)} 1 00111

Carrier Lock Fault 0 (FF)} 01 1001

Port Lock Fault 0 (FF)}] 01 1010

Carrier Queued Fault 0 (FF)] 01 1100
Context Qualification Faults =>

<Object Qualification Faults (Context)> 2 (TS)| 1 00100

{Object Qualification Faults (Domain)> 2 (TS)| 1 00010

<Object Qualification Faults (Instruction)> 2 (TS)} 1 00011
Process Binding and Qualification Faults =>

<Ob ject Qualification Faults (Process)> 2 (TS)] 1 00101

Process Level Object Lock Fault 0 (FF)] 11 0001

{Context Qualification Faults>
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NON-INSTRUCTION INTERFACE FAULTS

OPERATOR | TYPE | ENCODING

Initialization =>
<Object Qualification Faults (Processor)> 2 (TS)] 1 00110
<0bject Qualification Faults (Obj. Table Directory)> |2 (TS)| 1 00001
<IPC Faults>

IPC Faults => -

<Object Qualification Faults (PCO)> 2 (TS)] 1 10000
PCO Response Count Fault 0 (FF)| 11 0010
PCO Lock Fault 0 (FF)| 11 0011

Idle =>
<Delay Port Service Faults>

Process Binding =>
<Object Qualification Faults (Carrier)>
Process Lock Fault
{Process Qualification Faults>
<Port Operation Faults>

(TS)| 1 01000
(FF)| 11 0001

on

Process Selection =>
<Delay Port Service Faults>

<Object Qualification Faults (Carrier)>
{Port Operation Faults>

N

(TS)]| 1 01000
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OBJECT OPERATOR FAULTS

OPERATOR | TYPE | ENCODING

Branch

Branch True

Branch False
Instruction Pointer Overflow Fault (IP)
Instruction Object Displacement Fault 0 (FF)| 10 0000

-

Branch Indirect
Instruction Object Displacement Fault 0 (FF){ 10 0000

Branch Intersegment

Branch Intersegment without Trace

Branch Intersegment and Link ‘
<0Ob ject Qualification Faults (Instruction)> 2 (Ts)]| 1 00011
Instruction Object Displacement Fault 0 (FF)! 10 0000

Breakpoint
no explicit fault cases

Copy Access Descriptor
{Store Access Descriptor Faults>

Null Access Descriptor
Destination Delete Rights Fault 0 (FF)] 01 0011

Amplify Rights
TCO Type Rights Fault
<Object Qualification Faults (TCO)>
Type Fault
Race Condition Fault (the access descriptor was
changed before the amplified value is stored back)

(FF){ 01 0110
(Ts)} 1 01110
(FF){ 01 1000
(FF)} 01 0011

[eNeol Vo]

Restrict Rights
no explicit fault cases

Retrieve Type Definition
Source AD Validity Fault 0 (FF)| 01 0101
<{Store Access Descriptor Faults>
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OPERATOR | TYPE | ENCODING

Create Refinement
Source AD Validity Fault
Object Descriptor Type Fault
Offset and Length Compatibility Fault
Refinement Overflow Fault
<Descriptor Allocation Faults>
Level Fault
{Store Access Descriptor Faults>

(FF)| 01 0101
(Ts)} 0 00110
(FF)] 01 1001
(FF)| 01 1010

O O MNNO

o

(FF)| 01 0100

Create Typed Refinement
TCO Type Rights Fault
<Object Qualification Faults (TCO)>
Source AD Validity Fault
Object Descriptor Type Fault
Type Fault
Offset and Length Compatibility Fault
Refinement Overflow Fault
<{Descriptor Allocation Faults>
Level Fault
{Store Access Descriptor Faults>

(FF)| 01 0110
(TS)] 1 01110
(FF)] 01 0101
(TS)} 0 00110
(FF)| 01 1000
(FF)| 01 1001
(FF)} 01 1010

OO OMNMNMNOMNO

o

(FF)| 01 0100

Create Object
<{Descriptor Allocation Faults>
<Segment Allocation Faults>
{Store Access Descriptor Faults>

Create Typed Object

TCO Type Rights Fault 0 (FF)}] 01 0110
<Object Qualification Faults (TCO)> 2 (TsS)] 1 01110
<{Descriptor Allocation Faults>

Level Fault 0 (FF)] 01 0100

<Segment Allocation Faults>
{Store Access Descriptor Faults>

Inspect Access Descriptor
no explicit cases

Inspect Object
Access Path Object Descriptor Validity Fault 0 (FF)] 01 0101

Equal Access

Move to Embedded Data Value
Move from Embedded Data Value
no expliecit fault cases

Lock Object

Source Representation Rights Fault 0 (FF)| 01 0110
<Object Qualification Faults>

Unlock Object

Source Representation Rights Fault 0 (FF)} 01 0110
{Object Qualification Faults)
Object Lock ID/Type Fault 0 (FF)1 01 1001
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OPERATOR | TYPE | ENCODING

Indivisibly Add Short Ordinal
Indivisibly Add Ordinal
Indivisibly Insert Short Ordinal
Indivisibly Insert Ordinal

no explicit fault cases

Enter Environment 1, 2, 3

<0bject Qualification Faults>
Copy Process Globals

{Store Access Descriptor Faults>

Set Context Mode

no explicit fault cases
Ad just Stack Pcinter

no explicit fault cases

Call

Call through Domain
{Object Qualification Faults (Domain)>
Domain Access Index Overflow Fault
Instruction Object Type Rights Fault
{Ob ject Qualification Faults (Instruction)>
Context Parameters Size Fault
Context Type Rights Fault
{Object Qualification Faults (Context)>
Instruction Object Displacement Fault

(TS)} 1 00010

(FF)] 01 0010
(FF)1 01 0101
(TS)| 1 00011
(FF)| 01 0110
(FF)] 01 0111
(TS)} 1 00100

(FF)] 10 0000

oONOOMNMNOON

Return
Context Type Rights Fault
{Context Qualification Faults>
<Ob ject Qualification Faults (PSO)>
<Object Qualification Faults (Object Table)>
PSO Lock Fault
Instruction Object Displacement Fault

o

(FF)} 01 0111

(TS)| 1 01010
(TS)] 0 00100
(FF)| 01 1001
(FF)| 10 0000

oo

Return and Fault
<Return>
Return Fault 0 (FF)} 00 0100

Send

Receive

Conditional Send

Conditional Receive

Surrogate Send

Surrogate Receive
Surrogate Carrier Validity Fault
Surrogate Carrier Type Rights Fault
Destination Port Type Rights Fault
Port Type Rights Fault
Level Fault
{Port Operation Faults>

(FF){ 01 0101
(FF)| 01 0101
(FF){ 01 0111
(FF)| 01 0110
(FF)] 01 0100

OO OO0
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OPERATOR | TYPE | ENCODING

Delay Process

Send Process
Port Type Rights Fault
Level Fault
<Port Operation Faults>

(FF)} 01 0110
(FF)} 01 0100

o o

Set Process Mode
Process Object Type Rights Fault (FF)] 01 0110
Process Object Access Mismatch Fault 0 (FF)] 01 1000

o

Read Process Clock
no explicit fault cases

Send to Processor
PCO Type Rights Fault 0 (FF)] 01 0110
<Object Qualification Faults (PCO)> 2 (TS)] 1 01010

Read Processor Status
no explicit fault cases

Move to Interconnect
Move from Interconnect

0dd Displacement Fault 0 (FF)| 01 0110

0dd Interconnect Descriptor Base Address Fault 0 (FF)] 01 0101

<Object Qualification Faults (Interconnect)> 2 (TS)] 0 01100
Block Move

Offset Overflow 0 (FF)] 00 0001
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TRACE REFERENCE

TRACE OPERATION

GDP support for software debugging and analysis is based on the tracing
mechanism., When a trace event occurs, the instruction object Domain
Access 1Index (DAI), the instruction pointer, and a trace code are
recorded in the Trace Control Data Area in the current context data
part. An intersegment branch is then effectively executed to bit
displacement 64 of the Trace Instruction Object (specified by AD 1 in
the current defining domain).

A process may be in one of four trace modes as determined by the setting
of the Trace Mode field in the current process status:

00 - No Trace Mode (not tracing)
01 - Fault Trace Mode
10 - Flow Trace Mode

11 = Full Trace Mode
These trace modes are defined as follows:

No Trace Mode: rocess execution is as described throughout
the rest of this manual.

Fault Trace Mode: A trace event occurs prior to the execution of the
first instruction of a context-level fault handler,

Flow Trace Mode: A trace event occurs prior to the execution of the
first instruction of a context-level fault handler,
A trace event occurs after the execution of all
instructions that change the current instruction
object. This includes all intersegment branch
instructions, CALL, CALL THROUGH DOMAIN, RETURN, and
RETURN AND FAULT instructions. In RETURN or RETURN
AND FAULT instructions, a trace event also occurs
prior to the execution of the instruction,

Full Trace Mode: A trace event occurs prior to the execution of the
first instruction of a context-level fault handler.
A trace event occurs prior to the execution of every
instruection.

When a trace mode other than no trace is specified by a process, trace
events are generated as described whenever the process is executing an
instruction object which is opened for tracing. An instruction object
is open for tracing if it is accessed via an AD which has trace
rights. If an instruction object is not open for tracing to the
process, then no trace events are ever generated from within it,
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When a process which is in full trace mode transfers from a closed
instruction object to an open one, the first trace event generated is
prior to the execution of the first instruction in the open instruction
object. When such a process transfers from an open instruction object
to a closed one, the last trace event is generated immediately prior to
the instruction which causes the transfer.

When a process is in flow trace mode, the first trace event generated
is prior to the execution of the first instruetion in any open
instruction object independent of whether the transfer instruection is
located in an open or closed one. When a process is in the flow trace
mode, a trace event is also generated prior to the execution of a
Return instruction if the current instruction object is an open one.
This allows the current context and its associated local objects to be
examined before they are reclaimed by the Return instruction. If the
instruction object that a context returns to is an open one, another
trace event is generated prior to the execution of the next instruction
after the CALL or CALL THROUGH DOMAIN instruction.

Access descriptors to trace instruction objects, and to any associated
instruction objects (i.e., objects that the trace routine can branch
to) should have their Trace Rights bit Off. Otherwise, it may be
possible to get into an infinite 1loop. The current implementation
always forces the processor's trace enable off when branching to the
trace routine.

The trace mode bits of the current process can be changed by the SET
PROCESS MODE instruction.
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TRACE CONTROL DATA AREA

The Trace Control Data Area is located in the context data part and is
organized as fTollows:

Byte Displacement

Trace Event Code 12
Trace Instruction Pointer 10
Trace DAI 8

These fields have the following meaning:

Trace DAI (Bytes & ~ G)
This 16-bit field records the DAI in the defining domain of the
instruction c¢bject in which the trace event should resume.

Trace Instruction Pointer (Bytes 10 - 11)

A S

This 16-bit {field records the instruction pointer of the
instruction with which execution can resume aiter the trace event.

Trace Event Code (Bytes 12 - 13)

This 1€é-bit field records the encoding for the method used to

resunie. The trace event code is definea as follows:

1 indicates that normal instruction flow can be resumed by a
BRANCH INTERSEGMENT WITHOUT TRACE instruction using the TIrace
DAI and the Trace Instruction Pcinter.

2 indicates that normal instruction flow has to be resumed by
executing a RETURN instruction.

3 indicates that normal instruction flow has to be resumed by
executing @ RETURN AND FAULT instruction.

4 indicates fault trace and no Trace DAI nor Trace Instruction
Pcinter is recorded,

5 indicates @ BREAKPOINT inustruction is executed.
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GLOSSARY

This glossary defines important terms used in this manual. Within the definitions,
a

references to other terms defined in this

LTILILOO LU Vel oo

il

glossary are underscored.

List of Terms Defined

access descriptor
access environment
access part

access rights
access selector

AD rights

attached processor

bit-field specifier
blocked
Boolean

carrier

central system
character
compaction

nnntavt nhiant
CLiiceie OL)eCt

data part

defining domain
delete rights
domain

domain access index
dynamic type
dynamic-type object

embedded data value

fault

FIFO
forwarding
fragmentation

garbage collection
general data processor
generie object

global heap SRO

heap SRO

instruetion object
integer
interconnect
interface processor
interprocessor
communication

level

level check
lifetime strategy
LIFO

local heap SRO

message

object

object deseriptor
object lock

object reference
object table

object table directory
object type

operand stack

ordinal

package
peripheral subsystem

physical storage object

port
process
process globals object

read rights

real

refinement
representation rights

segment

short integer

short ordinal

short real

stack SRO

storage claim object
storage resource object
system object

system type

temporary real

tvpe

type control object
type definition object
type manager

type rights

unchecked copy rights

write rights

processor communication object

processor object
processor type
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access descriptor (AD): a reference to an iAPX 432 object that restricts
operations on both the object using the AD (access rights) and on the AD itself
(AD_rights). The iAPX 432 hardware ensures that access descriptors and the
objects they refer to can only be manipulated in controlled ways.

access environment: the set of all iAPX 432 objects that can be directly or
indirectly accessed from a given context. The access environment of a context is
determined by its defining domain, by the process globals object of the process
that contains the context, and by any access descriptors passed as parameters
from its caller, returned as results from operations called by the context,
received in interprocess communication, or created during the context's execution.

access part: a distinet, optional part of an iAPX 432 object that can only contain
access descriptors (ADs). The hardware limits operations on object access parts
to ensure that ADs are not corrupted. An access part can contain from 0 to 16,384
ADs.

access rights: attributes of an iAPX 432 access descriptor (AD) that restrict
operations on the referenced object using the AD. Access rights consist of
representation rights, whieh restrict the rights to read or write the referenced
object, and type rights, which restrict the right to execute certain high-level
operations using the AD (e.g., the right to send a message to a port).

access selector: a 16-bit data value that selects an access descriptor (AD) from
the current access environment of a context. The ENV selector field in an access
selector selects one of up to four objects that determine the current access
environment. The access index field in an access selector selects an AD from the
access part of the object specified by the ENV selector.

AD rights: attributes of an iAPX 432 access descriptor (AD) that restrict
operations on the AD itself. AD rights consist of delete rights and unchecked copy

rights.

attached processor (AP): a processor, usually an Intel microprocessor, which
controls the peripheral subsystem. The peripheral subsystem contains peripheral
devices, controllers, memory, the AP, and an iAPX 432 interface processor (IP), all
communicating on the peripheral subsystem's bus. Software running on the AP
controls the IP.

bit-field specifier: specifies a field of bits within an ordinal or short-ordinal
operand. The specifier gives the beginning bit position and width in bits of the
field.

blocked: the state of a carrier that is queued at a full port, waiting to send a
message, or is queued at an empty port, waiting to receive a message. A process
or processor is blocked if its carrier is blocked.

Boolean: a one-byte value of the character data type, used to represent logical
TRUE (xxxxxxx1) or FALSE (xxxxxxx0).
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carriers an iAPX 432 system object that carries messages to and from ports, and
that may optionally be forwarded to a second port after completing a primary
operation. A carrier can be a process carrier, processor carrier, or surrogate
carrier. Process carriers and processor carriers directly represent processes and
processors in port operations; if such a carrier must wait for a port operation to
complete, then the corresponding process or processor waits as well. However, a
surrogate carrier, while it normally acts on behalf of some process, does not cause
any process to wait when it must wait, and multiple surrogate carriers can act on
behalf of a single process.

central system: the main iAPX 432 system in which multiple general data
processors (GDPs) and interface processors (IPs) share a common memory and
concurrently execute. I/O and initialization for the central system are provided
by one or more peripheral subsystems. The iAPX 432 interface processors are
part of both systems and provide the bridge between them.

character: a one-byte computational data type used to represent text characters,
Booleans, and unsigned integers in the range 0 to 255.

compaction: an operating system memory management service which relocates
objects in memory to combine fragmented free storage blocks, thus allowing the
allocation of larger segments. Compaction runs concurrently with user programs
and its operation is invisible (except in timing).

context object: an iAPX 432 system object that represents an activation of a
subprogram.

data part: a distinet, optional part of an iAPX 432 object that can contain any
information except access descriptors (ADs). Programs with proper rights to an
objeci can make arbitrary changes tc the chiect's data part uging any of the iAPX

432 data operators. A data part can contain from 0 to 65536 bytes.

defining domain: the domain through which the current context was called. This
domain is a major part of the context's access environment. The caller usually
possesses an access for just some refinement of the domain (its "publie part"), but
the called context is able to access all of the domain.

delete rights: an attribute of an iAPX 432 access descriptor (AD) that restricts
the right to overwrite the AD with a new access value. If an AD is not null and
delete rights are absent, then the access value can be eliminated only by
reclaiming the segment that contains the AD.

domain: an iAPX 432 system object that represents a program module and can
contain or reference multiple subprograms and data elements. A domain is a
major part of the access environment of a context called through the domain.
The caller may have access to just a refinement of the domain, called the "public
part," but the called context can access the entire domain.

domain access index: a 16-bit data value that selects an access deseriptor (AD)
from the defining domain of the current context. The low two bits are ignored;
the high 14 bits index into the domain access part.
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dynamic type: an iAPX 432 object type defined by software and represented by
an iAPX 432 type definition object (TDO).

dynamic-type object: an instance of a dynamie type.

embedded data value (EDV): a 31-bit ordinal value stored (embedded) in a null
access descriptor. Special operations are provided to convert ordinals to and from
EDVs. EDVs allow simple messages to be sent between processes in null ADs
without the overhead of allocating and referencing a separate message object.

fault: a processor-detected error during program execution. For example, if an
addition operation overflows, the GDP detects the error and raises a fault. There
are three levels of faults, increasing in severity: context faults, process faults,
and processor faults.

FIFO: First-In-First-Out, a queuing discipline in which the first item to enter a
queue is always the first to leave it.

orwardmg: the iAPX 432 operation of sendmg a carrier on to a second port after
the carrier has been used to send or receive a message sage at a first port.

fragmentation: the division of free storage into multiple noncontiguous blocks,
caused by the normal operation of heap allocation and garbage collection.

garbage collection: a concurrent operating system process that detects
unreferenced objects and reclaims the corresponding descriptors and storage.
Garbage collection runs concurrently with user processes and is invisible to them.

general data processor (GDP): the main type of processor provided by Intel to
execute within the iAPX 432 central system. The GDP is a general purpose
processor that provides object-oriented addressing and protection, operating
system funections in silicon, and hardware floating-point arithmetiec.

generic object: an iAPX 432 object with a system type (generie) that has no
hardware-recognized meaning and can be used to implement arbitrary software
structures. Other objects are either system objects, dynamie-type objects, or
interconnect objects.

global heap SRO: a heap SRO at level zero; only garbage collection can reclaim
storage allocated from a global heap.

heap SRO: an iAPX 432 storage resource object (SRO) on which garbage
collection is performed to reclaim discarded (unreferenced) objects. Objects can
be created and reclaimed in any order using a heap SRO, which can result in
fragmentation. Two types of heap SROs are defined, global heap SROs and local

heap SROs.

instruction object: an iAPX 432 system object that contains GDP instructions,
typically for a single subprogram.

integer: a four-byte computational data type used to represent signed whole
numbers in the range -2,147,483,648 to 2,147,483,647.
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interconnect: a secondary address space used for special-purpose hardware
registers associated with initialization, hardware configuration, and hardware
error logging. The interconnect address space is organized into special
interconnect objects which are normaliiy defined at system initialization.

interface processor (IP): an iAPX 432 processor that connects an iAPX 432
central system to one peripheral subsystem. The IP is a slave processor to the
attached processor (AP) in the peripheral subsystem. The IP provides the object
addressing and high-level operators needed to access the iAPX 432 central
system.

interprocessor communication (IPC): a protocol for sending special interprocessor
message codes (IPCs) between iAPX 432 processors.

level: a short-ordinal attribute of an objeet that characterizes the relative
lifetime of the object -- a greater level means a shorter lifetime. The level
number of a context is always one greater than the level of its caller. The level
number is normally one for the first context associated with a given process. All
objects allocated from a stack SRO have the same level number as the context in
which they are allocated, and all are reclaimed when control returns from the
context. Objects allocated from global heap SROs have level number zero, while
local heap SROs all have level numbers greater than zero. Objects at level zero
can only be reclaimed by garbage collection and never because a context returns.
Objects at level zero can only be ereated from a global heap SRO.

level check: a check when an access descriptor (AD) is copied, to ensure that the
level number of the destination object is greater than or equal to the level number
of the object referenced by the AD. This check ensures that no "dangling
references" exist when a context returns and deallocates all objects created in it.
The level check is suppressed if the AD being copied has unchecked copv rights.

lifetime strategy: an attribute of objects defined by iMAX that determines when
and how an object is deleted, and that derives from the type of SRO used to create
the object. The three lifetime strategies are global heap SRO, local heap SRO,
and stack SRO.

LIFO: Last-In-First-Out, a dynamic data structure organization in which the last
item added to the strueture is the first item removed from it.

local heap SRO: a heap SRO that is tied to some context and has a level greater
than zero. Objects allocated from a local heap can be reclaimed either by
garbage collection or by returning from the associated context.

message: any iAPX 432 object for which an access descriptor (AD) is copied from
a sending process to a receiving process.

object: a data strueture within memory described by an object descriptor and
accessed via access descriptors (ADs). Objects are the iAPX 432 construect for
access control, run-time type checking, storage management, and program
addressing.

object descriptor: an object table enty that gives object attributes needed by the
iAPX 432 processors, e.g., type and storage information.
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object lock: a double-byte field in many iAPX 432 system objects used to
synchronize concurrent hardware and/or software access to the object containing
the object lock. Properly used, an object lock ensures that a process or processor
has exclusive access to an object while reading or updating it.

object reference: see access descriptor.

object table: an iAPX 432 system object containing object descriptors.

object table directory (OTD): a special object table that only contains object
descriptors for all other object tables in an iAPX 432 system.

object type: type information given in object descriptors for storage segments
and refinements, consisting of system type and processor type.

operand stack: an area within a context data part that provides an expression
evaluation stack for the context.

ordinal: a four-byte computational data type used to represent unsigned integers
in the range 0 to 4,294,967,295, and also to represent bit strings of 32 bits or less.

package: an Ada program unit specifying a collection of related entities such as
constants, variables, types, and subprograms. The visible part ("public part") of a
package contains entities accessible from outside the package. The private part
of a package contains structural details hidden from the user of the package;
these details complete the specification of the visible entities. The visible and
private parts together constitute the package specification. The package body,
which can be separately compiled, contains the bodies (implementations) of
subprograms, tasks, or other packages declared in the package specification. A
package is represented by an iAPX 432 domain.

peripheral subsystem: a computer system controlled by an attached processor
(AP), which manages one or more peripheral devices and is linked to an iAPX 432
central system by an iAPX 432 interface processor (IP). The peripheral subsystem
contains peripheral devices, controllers, memory, the AP, and an IP.

physical storage object (PSO): an iAPX 432 system object that provides a free
storage pool for use by an iAPX 432 storage resource object (SRO).

port: an iAPX 432 system object that provides a queuing mechanism with two
queues, a bounded message queue and an unbounded carrier queue. Ports support
FIFO, priority, and deadline-within-priority queuing. Ports are used for
interprocess communication and process scheduling and dispatching.

process: an iAPX 432 system object that represents part of a program that
execute concurrently with other parts, also represented as processes. Because
processes can compete for execution time, scheduling information is associated
with processes for use in selecting the next process to run, and to ensure that a
process does not monopolize a processor for longer than some time limit. A
program can consist of one or more processes.
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process globals object (PGO): an iAPX 432 generic object that is designated by a
process as its globals object and that provides access to additional attributes of a
process's run-time environment. For example, a PGO can reference a heap SRO
used by the process to allocate heap objects.

processor communication objeet (PCO): an iAPX 432 system object used to send
and receive interprocessor messages (IPCs).

processor object: an iAPX 432 system object that contains state information for
one physical iAPX 432 processor.

processor type: an iAPX 432 object type field; each of its values designates the
kinds of processors that can reference objects with that processor type. The
alternatives are GDP only, IP only, and "all" (both GDP and IP).

read rights: attribute of an iAPX 432 access descriptor (AD) that controls the
right to read the referenced object.

real: an eight-byte computatmnal data type used to represent mgned floating
point numbers with magnitudes in the range 2. 2#10-308 to 1.8*10 (and also
Zero).

refinement: an iAPX 432 object that is contained within another objeet. When a
refinement is created, the displacement of the base of the refinement in the
underlying object and the size of the refinement are specified and are checked by
the GDP.

representation rights: attributes of an iAPX 432 access descriptor (AD) that
restrict the rights to read or write the referenced object. Representation rights
consist of read rights and write rights.

segment: a set of contiguous memory locations, from 0 to 131,072 (128K) bytes in
apparent size, defined by an iAPX 432 object descriptor. A segment can be in the
storage address space or the interconnect address space. (Interconnect segments
are a maximum of 65,536 bytes.)

short integer: a two-byte computational data type used to represent signed whole
numbers in the range -32,768 to 32,767.

short ordinal: a two-byte computational data type used to represent unsigned
integers in the range 0 to 65,535, and also to represent bit strings of 16 bits or
less.

short real: a four-byte computatlonal data type used to represent signed floating
point numbers with magnitudes in the range 1. 2%10-38 to0 3.4*103 8 (and also zero).

stack SRO: an iAPX 432 storage resource object (SRO) built in to the process
object of a process and used for allocation of objeets with lifetimes local to the
creating context. Allocation and deallocation for a stack SRO are strictly LIFO
(Last-In-First-Out). There is no object descriptor for a stack SRO, but it is
conceptually a distinet object.
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storage claim object (SCO): an iAPX 432 system object used to limit the total
number of bytes of physical storage allocated via the set of heap SROs that
reference the SCO.

storage resource object (SRO): an iAPX 432 system object that provides for the
dynamie creation of objects by specifying an object table in which to allocate the
object descriptor for a new object, and by specifying a physical storage object
(PSO) that specifies a free storage pool from which the new objeet can be
allocated. An SRO specifies the lifetime strategy of objects allocated from it. A
heap SRO can also specify a storage claim object that limits the amount of
physical storage that can be allocated from a particular set of SROs.

system object: an iAPX 432 object with a system type that indicates that it has a
special role recognized by the hardware. Other objects are either generic objects
or dynamic type objects.

system type: an iAPX 432 object type field that distinguishes a class of iAPX 432
objects with a particular processor-recognized meaning.

temporary real: a ten-byte computatlonal data type used to represent mgn
floating point numbers with magnitudes in the range 1.7*10-4 4932 to 1.2*10
(and also zero).

type: a set of values with certain operations and representations defined for the
set.

type control object (TCO): an iAPX 432 system object that provides the right to
amplify specifie rights on access descriptors (ADs) for objects of a particular
type, and/or the right to create objects of the type, and/or the right to create
refinements of the type.

type definition object (TDO): an iAPX 432 system object that represents a
particular software-defined dynamic type.

type manager: an Ada package or iAPX 432 domain object that defines all basie
operations on a certain type of object. Any other operations on objects of the type
must be composed by using the basic operations. A type manager may distribute
accesses for the managed objects, but normally retains for itself the rights to
directly read or write those objects.

type rights: attributes of an iAPX 432 access descriptor (AD) that restrict the
right to execute certain operations using the AD, depending on the type of object
it references. For example, create rights are required to create a new object
using an SRO access.

unchecked copy rights: an attribute of an iAPX 432 access descriptor (AD) which,
if set, suppresses the level check when the AD is copied. When a new object is
created, unchecked copy rights are set on the returned AD only if the new
object's level is zero (i.e., if a level check could never fail). Amplifying
unchecked copy rights is a privileged operation, used only by O.S. software.

write rights: an attribute of an iAPX 432 access descriptor that controls the right
to write the referenced object.
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