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9-24 

Control Transfers 

The first instruction executed. by a trap handler will normally be a Dump Stack, which will 
empty the stack by saving its contents in the handler's local frame, at an offset given by 
alpha. 

DSK Dump Stack 

DSK: PROCEDURE = 
BEGIN 

alpha: BYTE = GetCodeByte[]; 
state: POINTER TO StateVector = LOOPHOLE[LF + alpha]; 
SaveStack[LengthenPointer[state]] ; 
END; 

Programming Note: Since trap parameters are stored starting at local zero, the 
programmer must arrange that the state vector referenced by the Dump Stack instruction 
is not allocated in the first four frame locations. 

When the handler is ready to continue execution of the trapped context, it must reload the 
stack. The Load Stack instruction is available for this purpose. 

LSK Load Stack 

LSK: PROCEDURE = 
BEGIN 

alpha: BYTE = GetCodeByte(]; 
state: POINTER TO StateVector = LOOPHOLE[LF + al pha]; 
LoadStack[LengthenPoi nter[state]]; 
END; 

Since the entire stack is reloaded, it is not necessary to preserve the stack's old contents in 
case orraults while'reloading. If the Load Stack does fault: the stack may'be only partially 
loaded, but the entire operation will be retried when execution resumes. 

After the stack is reloaded, the handler must resume the trapped. context. There are two 
instructions available for this purpose: one that frees the handler's frame, and one that 
enables interrupts. The programmer provides the source and destination of a control 
transfer.in the trap handler's frame. Typically, the source is zero, and the destination is 
the original trapped. context. This will retry the instruction that caused. the trap. 

TransferDescriptor: TYPE = MACHINE DEPENDENT RECORD [ 

src (0): ShortControlLink, 
reserved (1): UNSPECIFIED Eo- 0, 

dst (2): Control Link] ; 

XF XFER and Free 

XF: PROCEDURE = 
BEGIN 

ptr: POINTER TO TransferDescriptor = �L�~�O�P�H�O�L�E�[�L�F� + GetCodeByte[]]; 
XFER[ 

dst: ReadDbIMds[@ptr.dst1, src: FetchMds[@ptr.src] "f, type: xfer, free: TRUE]; 

END; 
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XE XFER and Enable 

XE: PROCEDURE = 
BEGIN ENABLE Abort = > ERROR; 
ptr: POINTERTOTransferDescriptor = LOOPHOLE[LF + GetCodeByte[]]; 
StoreMds[@LocaIBase[LF].pc] iE-PC; 

XFER[dst: ReadDbIMds[@ptr.dst], src: FetchMds[@ptr.src] i , type: xfer]; 
Ena bl el nterru pts[J; 
END; 
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Programming Note: It is the programmer's responsibility to ensure that XFER and Enable 
does not cause a trap or fault (see §9.S.2). This instruction is intended for use by flXed 
frame trap handlers, which must run with interrupts disabled. 

Programming Note: Some traps indicate error conditions that will normally be handled 
by software executed in. place of the trapped instruction; re-execution may therefore be 
inappropriate. For example, the unimplemented instruction trap handler may choose to 
emulate the effects of the offending instruction in software. In this case, it is always 
possible for the trap handler to complete the instruction by advancing the program 
counter of the trapped context (and perhaps also adjusting the contents of the stack). 

9.5.4 Breakpoints 

The single byte Break instruction causes a distinguished trap when encountered in the 
instruction stream. It is used for program debugging. To install a breakpoint, the 
programmer replaces the opcode of the broken instruction with a Break instruction, 
remembering the original opcode value. When the processor attempts to execute the 
broken instruction, a trap to a software:supplied breakpoint handler results. (The 
processor's break byte is normally zero.) BreakTrap is defmed in §9.S.2. 

IRK Break 

BRK: PROCEDURE = 
BEGIN 
IF break = 0 THEN BreakTrap[] 
ELSE 

BEGIN 
Dispatch[break]; 
break E-O; 

END; 
END; 

As with all traps, the first instruction of the breakpoint trap handler should be a Dump 
Stack, which will save the state of the broken context. To proceed from a break point, the 
programmer can replace the Break instruction with the original opcode; however, it is 
usually desirable to leave the breakpoint in place, by flrst inserting the original opcode 
into the break field of the state vector of the broken context, then performing a Load Stack 
instruction. The Load Stack sets the processor's break byte from the state vector. The 
Break instruction notices a non-zero br~ byte and dispatches on it (§4.5), rather than 
performing a breakpoint trap; it then clears the break byte when the broken instruction 
completes execution. 

9-25 
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Control Transfers 

Design Note: It is important to notice that the break byte is not cleared until the broken 
instruction has completed execution successfully. In particular, if the dispatch on the 
original opcode results in a trap or fault, the break byte must be saved with the state of the 
trapped or faulted process, and the break byte associated with the new context 
(established by the trap or fault routine) must remain undisturbed. In the code above, the 
Abort signal raised by the trap or fault routine prevents execution of the statement break 
Eo-o. 

Programming Note: It is possible to place a breakpoint anywhere except in the current 
breakpoint trap handler itself. Also note that, if the break byte is ever set to zBRK, infinite 
recursion occurs. 

9.5.5 Xfer Traps 

A method of trapping to software on each transfer of control, conditioned by the trapxfers 
flag in the global frame of the destination, is available. It is intended for performance 
measurement and debugging. 

CheckForXferTraps: PROCEDURE [dst: Control Link, type: XferType] = 
BEGIN 
IF Odd[ XTS] THEN 

BEGIN 
word: GlobalWord = FetchMds[@GlobaIBase[GF].word] i; 
IF word.trapxfers THEN 

BEGIN 
XTS Eo-Shift(XTS, -1]; 
Trap[@SD[sXferTrap] ! Abort = > ERROR]; 
StoreMds[LF] i Eo- LowHalf[dst]; 
StoreMds[LF + 1] i Eo- HighHalf[dst]; 
StoreMdS[LF + 2] i Eo- type; 
ERROR Abort; 
END 

END 
ELSE XTS Eo- Shift[XTS, -1]; 
END; 
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Processes 

This chapter describes the process mechanism implemented by the Mesa architecture. It 
includes a description of the data types and structures used to support processes, monitor 
locks, condition variables, and fault queues. It also defInes the process instructions, the 
process queue-management routines, and the scheduling algorithms. The last section on 
scheduling includes a description of the state-vector allocation performed by the 
scheduler, as well as a discussion of exceptional conditions that invoke the scheduler 
(faults, interrupts, and timeouts) and the processing that they receive. 

The process facilities are used for controlling the execution of multiple processes and 
guaranteeing mutual exclusion. The intended application of the process mechanism is the 
management of access to shared resources (such as the processor). Asynchronous 
communication with ItO devices is also supported by the process mechanism. 

The process implementation is based on queues of small objects called Process State Blocks 
(PSBS), each representing a single process. When a process is not running, its PSB records 
the state associated with the process, including the process' Main Data Space, its 
evaluation stack (possibly), and the frame (context) it was last executing. Only in the case 
of a pre-emption is the stack saved in a state vector as part of the process state. In other 
cases, the stack is known to be empty. PSBs also record the process' priority and a few flag 
bits associated with the process (see §10.1.2). 

When a process is running, its state is contained in the processor's control registers 
described in §3.3.1. These registers include all of those that constitute a context (including 
the evaluation stack), plus the PSB and MDS registers. The PSB register points to the process' 
PSB, and the MDS register addresses its Main Data Space. These registers are modmed 
when a process switch takes place. 

The contents of the MDS register is normally modmed only by a process switch (it can also 
be read and written using the register instructions defIned in §3.3.4). Several processes 
can share a single Main Data Space, or an MDS can be restricted to contain a single 
process. As long as the MDS register contains a legal value, the processor can execute 
programs in an environment containing no processes (that is, one in which the content of 
the PSB register and the current PSB are undefined). The processor begins execution in this 
state (§4.7). 

10-1 
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Each Process State Block is a member of exactly one process queue. There is one queue for 
each monitor lock. condition variable. and fault handler in the system. A process that is 
not suspended on a monitor lock. waiting on a condition variable. or faulted is either 
running or is on the ready queue, waiting for the processor. The semantics of each monitor 
and condition queue are assigned by the programmer. Except for the ready queue and the 
fault queues, there are no fIXed assignments of queues to resources. 

The primary effect of the process instructions and the scheduler is to move PSBs back and 
forth between the ready queue and a monitor or condition queue. A process moves from the 
processor to a monitor queue when it attempts to enter a locked monitor. It moves from the 
monitor queue to the ready queue when the monitor is unlocked (by some other process). 
Similarly, a process moves from the processor to a condition queue when it waits on a 
condition variable, and moves to the ready queue when the condition variable is notified, 
or when the process has timed out. 

Each time a process is requeued, the scheduler is invoked. The scheduler saves the state of 
the current process in its PSB and state vector, chooses the highest-priority runnable 
process, removes that process from the ready queue, and loads its state into the processor 
registers. To simplify the scheduler's task, all of the process queues are kept sorted by 
priority. 

Certain exceptional conditions result in process switches rather than traps. These also 
manipulate the process queues and call the scheduler. Faults (in particular, page faults, 
write protect faults, frame allocation faults) cause the current process to be placed on a 
fault queue. The fault's associated condition variable is then notified. An interrupt causes 
one of the sixteen preassigned condition variables to be notified. Finally, a timeout causes 
a waiting process to be made ready. even though the condition variable on which it is 
waiting was not notified by another process. 

10.1 Data Structures 

10-2 

A global data structure is used to store the Process State Blocks. This section describes 
that global data structure, called the Process Data Area (PDA), as well as the details of 
Process State Blocks, monitor locks, condition variables, and process queue. Details of 
queue management, however, are postponed until §lO.3. 

10.1.1 Process Data Area 

The Process Data Area is located at a fIXed address in virtual memory and is 64K-aligned 
(the value of mPDA is given in Appendix A): 

PDA: LONG POINTER TO PrcxessDataArea = LOOPHOLE[mPDA]; 

The Process Data Area contains all of the process structures except for monitor locks and 
condition variables, which are allocated by the programm~r. The PDA has the following 
structure: . 

ProcessDataArea: TYPE = MACHINE DEPENbENT RECORD [ 

SELECT OVERLAID * FROM 

header = > [ 
ready: Queue, 



Mesa Processor Principles of Operation 

count: CARDINAL, 
unused: UNSPECIFIED, 
available: ARRAY [0 .. 5) OF UNSPECIFIED, 
state: StateAllocationTable, 
interrupt: InterruptVector, 
fault: FaultVector], 

blocks = > [ 
block: ARRAY [0 .. 0) OF ProcessStateBlock], 

ENDCASE]; 
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The PDA contains a resident array of Process State Blocks indexed by a Psblndex. The 
initial elements of the array are allocated to other global state information. The first PSB is 
at index StartPsb, after the PDA header. A zero index is used to denote the null process. 

PsbNull: Psblndex = 0; 
Psblndex: TYPE = [0 .. 1024); 

StartPsb: Psblndex = 
(SlzE(ProcessDataArea] + slzE[ProcessStateBlockj-1 )/slzE[ProcessStateBlock]; 

The index of the currently running process is maintained in a processor register, which is 
also accessible to the programmer. 

PSB: Psblndex; 

The header of the Process Data Area includes the ready queue and a count of the number 
of PSBs (not including overhead) in the PDA. There is also a small block available to the 
programmer, a table of pointers to state vectors used to save the context and stack of pre­
empted processes (§1004.2), an array of condition variables ~ssigned to interrupt levels 
(§1004.4), and a structure used to represent fault queues and their associated condition 
variables (§ 1 004.3). The PSBS and state vectors follow the header. 

Design Note: The count field is used only to determine the number of processes involved 
in the timeout scan (§1004.5). Additional PSBs may be allocated by the programmer. 

A PSB is active if it is running or is on a process queue; only active PSBs may be referenced 
by the process instructions. 

Programming Note: The programmer typically allocates a fixed number of PSBs, stores 
this number in the header as the count, and makes the PSBS active (by placing them on the 
ready queue) as processes are created. Because the timeout scan examines all the PSBS 
indicated by the count field, the timeout value associated with each inactive process must 
be set to zero (§1O.4.5). 

All of the pointers contained in the Process Data Area (and in the State Allocation Table) 
are relative to the starting location of the PDA (just as short pointers are relative to the 
origin of an MDS). Like Main Data Spaces, the PDA is aligned on a 64K boundary. 

LengthenPdaPtr: PROCEDURE (ptr: POINTER] RETURNS [LONG POINTER] = 
BEGIN 
offset: CARDINAL = LOOPHOLE[ptr]; 

10-3 
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RETURN[PDA + LONG[offset]]; 
END; 

OffsetPda: PROCEDURE [ptr: LONG POINTER] RETURNS [POINTER] = 
BEGIN 
IF HighHalf[ptr - PDA] # 0 THEN ERROR; 
RETURN[LowHalf[ptr - PDA]}; 
END; 

FetchPda: PROCEDURE [ptr: POINTER] RETURNS [LONG POINTER] = 
BEGIN 
RETURN [Fetch[LengthenPdaPtr[ptrJ]]; 
END; 

StorePda: PROCEDURE [ptr: POINTER1 RETURNS [LONG POINTER] = 
BEGIN 
RETURN[Store[LengthenPdaPtr[ptr]]]; 
END; 

Implementation Note: Because the PDA is 64K-word aligned and its relative pointers are 
restricted to a 64K range, a concatenation operation can replace the addition that appears 
above, and an extraction of the low-order word can replace the subtraction. 

It is often convenient to reference PSBs using PDA-relative pointers rather than indexes. 
The following routines convert between the two representations: 

PsbHandle: TYPE = POINTER TO ProcessStateBlock; 

Handle: PROCEDURE [index: Psblndex] RETURNS [PsbHandle] = 
BEGIN 
RETURN[LOOPHOLE[index*SIZE[ProcessStateBlock]]]; 
END; 

Index: PROCEDURE [handle: PsbHandle1 RETURNS [Psblndex] = 
'BEGIN 

RETURN[LOOPHOLE[handle]/SIZE[ProcessStateBlock]]; 
END; 

Design Note: All of the process data structures containing a Psblndex are laid out so that 
the low-order bit of the index lies at bit twelve of a word. Because PSBs are eight-word 
aligned, this allows the conversion from index to handle to be performed by masking out 
the low-order three and the high-order three bits of the word containing the index. Thus, 
the lO-bit index is extracted from a IS-bit word and converted into a PDA-relative pointer. 

Implementation Note: Because the Process Data Area and the tables pointed to by it are 
resident, the processor need not maintain the dirty and referenced map flags of the pages 
containing these structures (§3.t'.1). 

10.1.2 Process State Blocks 

A PSB records the state of a process, and it therefore contains the following fields: 

A link word, used for maintaining the queue structure. This word also contains the 
process' priority and some flag bits. 
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A flag word containing fields used primarily by the programmer. This word also 
includes a single flag bit and a cleanup link used for maintaining the queue 
structure. 

A process context representation, which is either a pointer to the frame the process 
was last executing, or a pointer to a state vector containing the evaluation stack 
and the frame pointer. 

The timeout value associated with each process (see §10.4.5). 

The high-order sixteen bits of the (64K-aligned) address of the Main Data Space in 
which the process is running. 

Two words of sticky flags for floating-point operations. 

Process State Blocks are therefore eight words long, and are always eight-word aligned. 

ProcessStateBlock: TYPE = MACHINE DEPENDENT RECORD [ 

link (0): PsbLink, 
flags (1): PsbFlags, 
context (2): POINTER, 

timeout (3): Ticks, 
mds (4): CARDINAL, 

available (5): UNSPECIFIED, 

sticky (6): LONG UNSPECIFIED]; 

The link word, in addition to the process' priority and a queue link, contains three flag 
bits: failed indicates that the last instruction executed by the process was an unsuccessful 
Monitor Entry (§10.2.l) or Monitor Reentry (§lO.2.4); permal'!ent indicates that the PSB's 
context is a state vector that is permanently assigned to the process; preempted records 
whether the PSB was pre-empted. 'If it was pre-empted, the saved context includes the 
evaluation stack and the frame pointer, otherwise it contains only the frame pointer. 

·Priority: TYPE = [0 .. 7); 

PsbLink: TYPE = MACHINE DEPENDENT RECORD [ 

priority (0: 0 .. 2): Priority. 
next (0: 3 .. 12): Psblndex. 
failed (0: 13 .. 13): BOOLEAN. 

permanent (0: 14 .. 14): BOOLEAN, 

preempted (0: 15 .. 15): BOOLEAN]; 

The flag word, in addition to a cleanup link and several fields available to the 
programmer, contains flags that indicate whether the process is waiting on a condition 
queue and also whether there is an abort pending for the process. If the latter flag is set (by 
the programmer), the Monitor Reentry instru~tion causes a trap (§10.2.4). 

PsbFlags: TYPE = MACHINE DEPENDENT RECORD [ 

available (0: 0 .. 2): [0 .. 7), I. 

cleanup (0: 3 .. 12): Psblndex. 
reserved (0: 13 .. 13): BITE-O, 
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waiting (0: 14 .. 14): BOOLEAN. 

abort (0: 15 .. 15): BOOLEAN]; 

Design Note: Process State Blocks must be resident in real memory, and may not be 
write-protected. No reference to a PSB may cause a fault. 

10.1.3 Monitor Locks 

Unlike Process State Blocks, monitor locks are allocated by the programmer. They serve 
as queue headers, and therefore contain a Psblndex pointing into the body of the queue 
(the queue structure is defined in §l0.l.5). A monitor queue contains all of the processes 
suspended on the monitor lock. 

In addition to the queue pointer, a monitor lock includes a lock bit; when set, the lock bit 
indicates that some process is executing inside the monitor. If another process attempts to 
enter the monitor while the lock is set, that process is suspended by placing it on the 
monitor queue. 

Monitor: TYPE = MACHINE DEPENDENT RECORD [ 

reserved (0: 0 .. 2): [0 .. 7] +- 0, 
tail (0: 3..12): Psblndex, 
available (0: 13 .. 14): [0 .. 3], 

locked (0: 15 .. 15): BOOLEAN]; 

Design Note: Monitor locks need not be resident (although some may be). 

10.1.4 Condition Variables 

Condition variables are also allocated by the programmer. Like monitor locks, they serve 
as queue headers, and contain a Psblndex pointing into the body of the queue. A condition 
queue contains all of the 'processes waiting on the condition. 

In addition to the queue pointer, a condition variable contains two flag bits: abortable is 
set (by the programmer) if processes waiting on the condition can be aborted (§10.2.4); 
wakeup is set in response to a fault (§ 10.4.3) or an interrupt (§ 10.4.4). 

Condition: TYPE = MACHINE DEPENDENT RECORD [ 

reserved (0: 0 .. 2): [0 .. 7] +-0, 
tail (0: 3 .. 12): Psblndex, 
available (0: 13 .. 13): BIT, 

abortable (0: 14 .. 14): BOOLEAN, 

wakeup (O~ 15 .. 15): BOOLEAN]; 

Design Note: Except for those contained in the PDA, condition variables need not be 
resident. 

10.1.5 Process Queues 

A queue is represented by a long pointer to a queue header, declared as type Queue. A 
queue header is either a monitor lock, a condition variable, a fault queue, or the ready 



Mesa Processor Principles of Operation 10 

field of the Process Data Area. The header contains a field called tail, which is the index of 
the last PSB on the queue (queue entries are always Process State Blocks). 

QueueHandle: TYPE = LONG POINTER TO Queue; 
Queue: TYPE = MACHINE DEPENDENT RECORD [ 

reserved 1 (0: 0 .. 2): [D .. 7] Eo- 0, 

tail (0: 3 .. 12): Psblndex, 
reserved2 (0: 13 .. 15): [0 . .7]]; 

Design Note: The fermats of monitor locks and condition variables are carefully designed 
to match the structure of a Queue, so that they can function as queue headers. When 
functioning as queue headers, they defme additional flags in the reserved2 field. 

The last entry on the queue is chained to the first through its link field, which is also a PSB 
index, and each entry is chained to the next using its link field. If the queue contains one 
entry, the header points to it, and it is linked to itself. An empty queue is represented by a 
null index in the queue header. An overall diagram showing a hypothetical arrangement 
OfPSB's in the various queues is contained in Figure 10.1. 

10.2 Process Instructions 

The process instructions are used to enter and exit monitors, to wait on condition variables 
and subsequently to re-enter the monitor. They are also used to notify and broadcast 
condition variables. Two primitives for manipulating the process queues are also 
available. The process instructions are all minimal stack (§3.3.2); that is, their operands 
al:ways begin at the bottom of the stack. This minimizes the cases in which a State Vector 
is needed to save the stack of a process (§10.4.2). 

10.2.1 Monitor Entry 

The Monitor Entry instruction is executed near the beginning of each monitor entry 
procedure. It either sets the monitor lock, or if the monitor is already locked, causes the 
current process to be suspended by placing it on the monitor queue. 

ME Monitor Entry 

ME: PROCEDURE = 
BEGIN 

m: LONG POINTER TO Monitor = PopLong[]; 
mon: Monitor; 
MinimaIStack[]; 
mon E- Fetch[m] i; 
IF -mon.locked THEN 

BEGIN 

mon.locked E- TRUE; 

Store[m] i Eo- mon; 
PUSh[TRUE]; 

END 

ELSE EnterFailed[m]; 
END; 
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10 Processes 

Monitor Lock 

I tail I : 
0 7 

highest priority lowest priority 

Condition Variable 

I tail I : 
0 7 

highest priority lowest priority 

R d L" ealY 1st 

1 tail t .~ 
0 7 

PSB Register 

PSB I 

CurrentPSB 

highest priority o typical 7S lowest priority 
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If the monitor was entered successfully, Monitor Entry returns TRUE on the stack, which is 
tested by a Jump Zero Byte instruction immediately following the ME. 

If monitor entry was not successful, the PSB's failed bit is set, and the current process is 
moved to the monitor queue. The scheduler is then invoked (§ 1 0.4.1). 

EnterFai led: PROCEDURE [m: LONG POINTER TO Monitor] = 
BEGIN 

link: PsbLink ~ Fetch[@PDA.block[psB].link] i ; 
Ii nk.failed ~ TRUE; 

Store[@PDA.block[PSB]Jink] i ~ link; 
Requeue[src: @PDA.ready, dst: m, psb: PSB]; 
Reschedule[]; 
END; 

When the process later becomes ready, Reschedule notices that its failed bit had been set, 
and places FALSE onto the evaluation stack. FALSE causes the Jump Zero instruction 
following the ME to loop back to the instructions to acquire the monitor lock. This allows 
for a situation. in which some other process has locked the monitor between the time a 
suspended process is made ready and the time it executes the Monitor Entry. This same 
technique is used by the Monitor Reentry instruction (§10.2.4), which also calls 
EnterFailed. 

10.2.2 Monitor Exit 

The Monitor Exit instruction is executed at the end of each monitor entry procedure. It 
unlocks the monitor and causes the highest-priority process suspended on the monitor 
queue (if any) to be made ready. 

MX Monitor Exit 

MX: PROCEDURE = 
BEGIN 

m: LONG POINTER TO Monitor = PopLong[]; 
MinimaIStack[]; 
IF Exit[m] THEN Reschedule[]; 
END; 

The Exit routine clears the monitor lock and checks the contents of the monitor queue. If 
the queue is not empty, the fIrst process on the queue is made ready. The Exit routine is 
also used by the Monitor Wait instruction (§10.2.3). 

Exit: PROCEDURE [m: LONG POINTER TO Monitor] RETURNS [requeue: BOOLEAN] = 
BEGIN 

mon: Monitor ~ Fetch[m] i ; 
IF mon.locked = FALSE THEN ERROR; 

mon.locked ~ FALSE; 

Store[m] i ~ mon; 
IF requeue ~ (mon. tai I # PsbNull) THEN 

BEGIN 

link: PsbLink = Fetch[@PDA.block[mon.tailj.link] i; 
Requeue[src: m, dst: @PDA.ready, psb: link.next]; 
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END; 
END; 

Programming Note: The programmer should ensure that a Monitor Exit instruction is 
executed only when the monitor is locked. 

10.2.3 MonitorWait 

The Monitor Wait instruction is executed within a monitor to wait on a condition variable. 
It is always followed (statically) by a monitor re-entry sequence, which computes the 
monitor and condition pointers and executes a Monitor Reentry instruction (§10.2.4). 
Monitor Wait tll"St unlocks the monitor, as in Monitor Exit. It then moves the current 
process onto the condition queue (also setting its waiting bit and timeout value) and calls 
the scheduler. 

MW Monitor Wait 

MW: PROCEDURE = 
BEGIN 
t: Ticks = Pop[]; 
c: LONG POINTER TO Condition = PopLong[]; 
m: LONG POINTER TO Monitor = PopLong[]; 
flags: PsbFlags; 
cond: Condition; 
requeue: BOOLEAN; 
MinimaIStack[]; 
CleanupCondition[c]; 
requeue Eo- Exit[m); 
flags Eo- Fetch[@PDA.block[psa].flags] t; 
cond Eo- Fetch[c] t ; 
IF -flags.abort OR -cond.abortable THEN 

BEGIN 
IF cond.wakeup THEN 

BEGIN 
cond.wakeup Eo- FALSE; 
Store(c] t Eo-cond; 
END 

ELSE 
BEGIN 
Store(@PDA.block[psa].timeout] t Eo-

1Ft = 0 THENO 
ELSE MAX!1, LowHalf[LONG[PTC] + LONG[t]]]; 

flags.waiting Eo- TRUE; 
Store[@PDA.block[psa].flags] t Eo- flags; 
Requeue[src: @PDA.ready, dst: c, psb: psa]; 
requeue Eo-TRUE; 
END; 

END; 
IF requeue THEN Reschedule[]; 
END; 
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There are two conditions under which the process executing the wait is not moved to the 
condition queue, but instead remains on the ready list: when the PSB of the process 
indicates that there is an abort pending, or when the condition variable indicates that 
there is a wakeup waiting (§ 10.4.4.2). 

Monitor Wait also sets the timeout value of the process to the current value of the process 
. timeout counter plus the time interval supplied on the stack. A value of zero indicates that 
the process should not be timed out while waiting. Timeout processing is described more 
completely in § 10.4.5; CleanupCondition is dermed in § 10.3.2. 

10.2.4 Monitor Reentry 

Monitor Reentry is used to re-enter a monitor after a wait. If the monitor is locked, the 
process will be placed on the monitor queue as in the Monitor Entry instruction. Reentry 
differs from entry because Monitor Reentry will clean up the condition variable and clear 
the PSB's cleanup link. 

MR Monitor Reentry 

MR: PROCEDURE = 
BEGIN 
c: LONG POINTER TO Condition = Poplong[]; 
m: LONG POINTER TO Monitor = PopLong[]; 
mon: Monitor; 
MinimaIStack[]; 
mon Eo- Fetch[m] i ; 
IF -mon.locked THEN 

BEGIN 
flags: PsbFlags; 
CleanupCondition[c]; 
flags Eo- Fetch[@PDA.block[psB].flags] i ; 
flags.cleanup Eo- PsbNull; 
Store[@PDA.block[psB].flags] i Eo- flags; 
IF flags.abort THEN 

BEGIN 
cond: Condition = Fetch[c] i; 
IF cond.abortable THEN ProcessTrap[]; 
END; 

mon.locked Eo- TRUE; 
Store[m] i Eo- mon; 
PUSh[TRUE]; 
END 

ELSE EnterFailed[m]; 
END; 

Monitor Reentry, like Monitor Entry, is always followed by a Jump Zero Byte instruction. 
The Jump Zero Byte loops back to the instructions to acquire the monitor lock. This loop 
allows for a situation in which some other process still holds or has just locked the monitor 
between the time the notify (or timeout) .signal causes the process to be made ready and 
the time it executes the Monitor Reentry. 
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If the monitor is not locked, Monitor Reentry checks for a pending abort. If the condition 
variable allows aborts, a process trap is generated, so the monitor is not entered. Trap 
processing is described in detail in §9.5. 

Programming Note: If the process trap handler intends to resume the trapped context, it 
must ensure that the monitor lock is acquired. This preserves the invariant that the lock 
is held when control is (textually) inside the monitor. 

Programming Note: Between a Monitor Wait and the subsequent Monitor Reentry, a 
process must not execute another Monitor Wait. In particular, the program used to 
compute and load the monitor and condition pointers and the associated timeout interval 
onto the stack (and any trap routines invoked by this program) must not wait. See the 
programming note in section §10.3.2. 

10.2.5 Notify and Broadcast 

The Notify Condition and Broadcast Condition instructions are used to wake up processes 
waiting on condition variables. A notify moves the first entry on a condition queue to the 
ready queue. A broadcast makes all entries on the queue ready. 

NC Notify Condition 

NC: PROCEDURE = 
BEGIN 
c: LONG POINTER TO Condition = PopLong[]; 
cond: Condition; 
MinimaIStack[]; 
CleanupCondition[c]; 
cond Eo- Fetch!c] i ; 
IF cond.tail :# PsbNull THEN 

BEGIN 
WakeHead!c]; 
Reschedule!]; 
END; 

END; 

If the condition queue is empty, a notify has no effect except to clean up the queue 
(§10.3.2). 

Be Broadcast Condition 

BC: PROCEDURE = 
BEGIN 
c: LONG POINTER TO Condition = PopLong[]; 
requeue: BOOLEAN; 
MinimalStack[]; 
CleanupCondition!c]; 
FORcond: Condition Eo- Fetch!c] t I Fetch!c] i WHILE cond.tail :# PsbNull 00 

WakeHead[c]; requeue Eo- TRl,JE; 
ENDLOOP; 
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IF requeue THEN Reschedule[]; 
ENO; 
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The preceeding routine performs the equivalent of a Notify on each process on the 
condition queue. WakeHead is used to remove the head of the queue each time around the 
loop. If the condition queue is empty, a broadcast has no effect except to cleanup the queue 

. (§10.3.2). 

The following routine is used by the instructions Notify and Broadcast, and by the routine 
NotifyWakeup (§10.4.4.2). It moves the fll"st PS8 from a condition queue to the ready queue 
and clears the waiting flag. 

WakeHead: PROCEDURE [c: LONG POINTER TO Condition] = 
BEGIN 

cond: Condition = Fetch[c] t; 
link: PsbLink = Fetch[@pDA.block[cond.tail].link]t; 
flags: PsbFlags +- Fetch[@PDA.block[link.next].flags] f; 
flags.waiting +- FALSE; 

Store[@PDA.block[link.next].flags] t +- flags; 
Store[@PDA.block[link.next].timeout] f +-0; 

Requeue[src: c, dst: @PDA.ready, psb: link.next]; 
END; 

WakeHead also clears the timeout value of the process, so that it will not be timed out 
while running. Timeouts are discussed in nO.4.5. 

10.2.6 Requeue 

The Requeue instruction gives programmers access to the process mechanism's queue­
handling primitives. It removes a process from the source queue and inserts it (according 
to priority) into the destination queue, unconditionally invoking the scheduler. 

REQ Requeue 

REQ: PROCEDURE = 
BEGIN 

psb: PsbHandle = Pop[]; 
dstque: QueueHandle = PopLong[]; 
srcque: QueueHandle = PopLong[]; 
MinimaIStack[]; 
Requeue[src: srcque, dst: dstque, psb: Index[psb]]; 
Reschedule[]; 
END; 

Note that the Requeue instruction takes a PsbHandle, not an index. 

Programming Note: In Requeue, the programmer should ensure that the psb is on the 
source queue (or that the source queue is zero). 
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10.2.7 Set Process Priority 

The Set Process Priority instruction allows the programmer to change the priority of the 
current process. 

Spp Set Process Priority 

SPP: PROCEDURE = 
BEGIN 

priority: Priority = Pop[]; 
link: PsbLink; 
MinimaIStack[]; 
link Eo- Fetch[@PDA.block[PSBj.link] f ; 
link. priority Eo- priority; 
Store[@PDA.block[psB].link] f Eo-link; 
Requeue[src: @poA.ready, dst: @PDA.ready, psb: PSB]; 
Reschedule[]; 
END; 

10.3 Queue Management 

10-14 

This section defines the small number of primitives used to maintain the process queues. 
In particular, operations are defmed to remove a PSB from a queue (Dequeue) and to insert 
a PSB into a queue in priority order (Enqueue). Section 10.3.2 discusses cleanup links. 

10.3.1 Queuing Procedures 

The Requeue routine is used to maintain the process queue structures. It removes the 
process indexed by psb from the source queue src and inserts it into a destination queue dst 
according to its 'priorit)": 'R~queue is implemented using the two more primitive 
operations Dequeue and Enqueue. 

Requeue: PROCEDURE [src, dst: LONG POINTER, psb: Psblndex] = 
BEGIN 

IF psb = PsbNul1 THEN ERROR; 

Dequeue[src, psb]; 
Enqueue[dst, psb]; 
END; 

First, Dequeue is invoked to remove the psb from the source queue. Dequeue traverses src 
looking for the process immediately preceeding psb (called prey), so that the psb can be 
removed from the queue. Dequeue then updates the queue header, if it points to the psb 
being removed. The algorithm is complicated by the fact that the location of the queue 
header (condition variable) of the source queue may not be known (src = 0). This condition 
occurs when a waiting process is timed out (§10.4.5) and can possibly occur when the 
programmer executes a Requeue instruction. 'In this latter ease, the psb's cleanup link is 
set to the original value of its link field, pointing back to the source queue from which it 
will later be removed by CleanupCondition (deScribed at the end of this section). 

Dequeue: PROCEDURE [src: LONG POINTER, psb: Psblndex] = 
BEGIN 
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link: PsbLink; 
prey: Psblndex; 
queue: Queue; 
que: QueueHandle = src; 
IF que # LOOPHOLE [0] THEN queue +- Fetch [que] i; 
link +- Fetch[@PDA.block[psb].link] i ; 
IF link.next = psb THEN prey +- PsbNull 
ELSE 

BEGIN 
temp: PsbLink; 
prey +-IF que = LOOPHOLE[O] THEN psb ELSE queue.tail; 
DO 

temp +- Fetch[@PDA.block[prev].Iink] i ; 
IF temp.next = psb THEN EXIT; 
prey +-temp.next; 
ENDLOOP; 

temp.next +-link.next; 
Store[@PDA.block[prev].link] i +-temp; 
END; 

IFque = LOOPHOLE[O] THEN 
BEGIN 
flags: PsbFlags +- Fetch[@PDA.block[psb].flags] i; 
flags.cleanup +-link.next; 
Store[@PDA.block[psb].flags] i +- flags; 
END 

ELSE IF queue.tail = psb THEN 
BEGIN 
queue.tail +- prey; 
Store[que] i +- queue; 
END; 

END; 
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Enqueue inserts the psb into the destination queue dst in priority order. First, it checks 
for the simple case, when dst is empty. Second, Enqueue tries to add psb to the end of dst if 
its priority is less than or equal to the priority of the last entry in the queue. Failing that, 
it searches the destination queue and eventually inserts the psb after all other processes of 
equal or higher priority,just before the frrst process oflower priority. 

Enqueue: PROCEDURE [dst: LONG POINTER, psb: Psblndex] = 
BEGIN 
que: QueueHandle = dst; 
queue: Queue +- Fetch[que] i ; 
link: PsbLink +- Fetch[@PDA.block[psb].link] i ; 
IF queue.tail = PsbNull THEN 

BEGIN 
Ii nk.next +- psb; 
Store[@PDA.block[psb].link] i +-link; 
queue.tail +- psb; Store[que] i ~.queue; 
END 

ELSE 
BEGIN 
currentlink, nextlink: PsbLink; 
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prey: Psblndex ~ queue. tail; 
currentlinkE- Fetch[@PDA.block[prev].Iink] l' ; 
IFcurrentlink.priority> = Ii nk.priority THEN 

BEGIN 
queue.tail ~ psb; 
Store[que] l' ~queue; 
END 

ELSE 
DO 

next I ink ~ Fetch[@PDA.block[currentlink.next].link] i; 
IF link.priority > nextlink.priority THEN EXIT; 
prey +-currentl ink. next; currentl i nk~ nextl ink; 
ENDLOOP; 

link.next +-currentlink.next; Store[@PDA.block[psb].Iink] l' ~ link; 
currentlink.next E- psb; Store[@PDA.block[prev].link] l' +-Currentlink; 
END; 

END; 

10.3.2 Cleanup Links 

The CleanupCondition routine must be invoked before accessing a condition queue, since 
its queue pointer may not be correct. Inaccuracy occurs when the tail of a condition queue 
(pointed to by the header) is removed from the queue by a timeout: the location of the 
header is unknown in that case, so the pointer cannot be properly updated. (This situation 
may also occur when using the Requeue instruction.> Fortunately, in addition to the link 
described above, each PSB also contains a second queue link, called the cleanup link, which 
is used to maintain the queue structures when the location of the queue header is not 
known. 

When Dequeue detects this situation (the source queue is zero), it sets the PSB's cleanup 
link to the old value of its link field, which points to the next PSB on the queue. 
CleanupCondition finds the correct head of the condition queue by following the cleanup 
link into the queue from which the PSB was removed. From there, it locates the tail to 
which the condition variable should point. Notice, however, that the cleanup link might 
point to a PSB that also has its cleanup link set because it was also removed from the queue 
by a timeout! CleanupCondition therefore follows the cleanup links until there are no 
more, declares the resulting PSB to be the head of the queue, and then follows the normal 
queue links until the tail is found. 

CleanupCondition: PROCEDURE [c: LONG POINTER TO Condition] = 
BEGIN 
link: PsbLink; 
flags: PsbFlags; 
psb, head: Psblndex; 
cond: Condition ~ Fetch[c] i ; 
IF (psb E-cond.tail) # PsbNull THEN 

BEGIN 
flags E- Fetch[@PDA.block[psb].flags] i; 
IFflags.cleanup # PsbNull THEN 

BEGIN 
DO 
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IF flags.c1eanup = psb THEN 

BEGIN 

cond.wakeup +- FALSE; 

cond.tail +- PsbNull; 
Store[c] i +-cond; 
RETURN; 

END; 

psb ~ flags.c1eanup; 
flags +- Fetch[@PDA.block[psb].flags] i ; 
IF flags.c1eanup = PsbNuli THEN EXIT; 

ENDLOOP; 

head +- psb; 
DO 

link +- Fetch[@PDA.block[psb].Iink] i ; 
IF link.next = head THEN EXIT; 

psb +-link.next; 
ENDLOOP; 

cond.tail +- psb; 
Store[c] i +-cond; 
END; 

END; 

END; 
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Note that CleanupCondition itself updates only the condition variable; the cleanup links 
in the PSBs removed from the condition queue are reset by the Monitor Reentry instruction 
(§10.2.4). 

Programming Note: Between a Monitor Wait and the subsequent Monitor Reentry, a 
process must not execute another Monitor Wait; in particular, the program used to 
compute and load the monitor and condition pointers and the timeout interval onto the 
stack (and any trap routines i:qvoked by that program) must not wait. If the flrst wait 
times out, the PSB's cleanup link will be set. Any subsequent wait would destroy the 
original cleanup link. Also, any fault that occurs between a Monitor Wait and the 
subsequent Monitor Reentry will result in the process being requeued, flrst, to a fault 
service queue and, later, to the Ready Queue again. For example, a page fault on the code 
page is possible. The first of these requeues is carried out without calling 
CleanUpCondition, and the second must also avoid CleanUpCondition, or the cleanup link 
will be smashed. For this reason, the process must removed from the fault service queue to 
the Ready Queue by means of the FEQ opcode; Notify Condition and Broadcast Condition 
must not be used. 

Design Note: CleanupCondition is an idempotent operation; that is, cleaning up a 
condition variable that is already clean has no effect. It is therefore permissible for an 
instruction to clean up a condition variable before checking for other possible traps or 
faults. 

Design Note: Because only processes waiting on condition variables can be timed out, 
there is no need for a corresponding routine to clean up monitor locks. 
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10.4 Scheduling 

The scheduler implements overall changes in the machine state called process switches. 
Process switches result when the current process yields control of the processor and a 
higher-priority process is ready, or when the current process is removed from the ready 
queue, either by its own commission or by a pre-emption. The current process may stop 
running as a result of performing any of the following actions: 

• attempting to enter a monitor, 

• exiting a monitor, 

• waiting on a condition variable, 

• attempting to reenter a monitor, or 

• executing a REQ or spp instruction. 

In addition, any of the following pre-emptions may cause the current process to stop 
running: 

• a fault, which notifies a fault handler (§10.4.3), 

• an interrupt, which notifies a condition variable (§10.4.4), or 

• a timeout, which makes a waiting process ready (§ 10.4.5). 

All of these conditions result in a possible process switch by calling the scheduler 
(Reschedule) described in the next section. In all cases, process switches take place 
between instructions. Either the current instruction is completed, or the state of the 
processor at the beginning of the current instruction is restored. See §4.S.1 for a precise 
statement of the restart rule. 

10.4.1 Scheduler 

The scheduler is invoked whenever a process has moved to or from the ready queue. In 
particular, Reschedule is called by the process instructions that call Requeue and by the 
Fault, Interrupt, and TimeoutScan routines (described in later sections). 

Reschedule fmds the highest priority runnable process in the ready queue, saves the state 
of the current process (if any), and loads the state of the new process into the processor 
registers. In the case that no runnable process exits, the scheduler sets running to false. 
This action causes the main loop (§4.1) to cease instruction execution (it continues to check 
for interrupts and timeouts). 

To be runnable, the process must have a state vector in which to save the evaluation stack 
and context, in case the process is pre-empted, by a fault, interrupt, or timeout. 
Reschedule therefore checks whether the'. process has a permanent state vector 
(link. permanent = TRUE), the process' context already points to a state vector 
(link.preempted = TRUE) or a state vector for the process' priority is otherwise available 
(see §10.4.2.2). 
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running: BOOLEAN; 

Reschedule: PROCEDURE [preemption: BOOLEAN Eo- FALSE] = 
BEGIN 
link: PsbLink; 
psb: Psblndex; 
queue: Queue; 
IF running THEN SaveProcess[preemption]; 
queue Eo- Fetch[@PDA.ready] l' ; 
IF queue.tail = PsbNull THEN GO TO BusyWait; 
link Eo- Fetch[@PDA.block[queue.tail].Iink] 1'; 
DO 

psb Eo-link.next; link E- Fetch[@PDA.block[psb].Iink] l' ; 
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IF link.permanent OR link.preempted OR -EmptyState[link.priority] THEN EXIT; 
IF psb = queue.tail THEN GO TO BusyWait; 
ENDLOOP; 

PSI E- psb; PC E- savedpc E- 0; 
LF E- LoadProcess[]; running E-TRUE; 
XFER[dst: LONG[LF], src: 0, type: processSwitch]; 
EXITS 

BusyWait = > 
BEGIN 

END; 

IF -lnterruptsEnabled[] THEN RescheduleError[]; 
running Eo- FALSE; 
END; 

Design Note: It is an invariant of the design that PDA.state[PDA.block[psl].Iink.priority] # 
o OR link.permanent. That is, a state vector must be availablem case the current process 
is preempted (see §lO.4.2). _ ,'-, - , 

After saving the state of the current process (if any), Reschedu Ie clears the PC register (and 
resets saved pc) to indicate that a process switch is in progress. This is necessary in case 
the subsequent XFER causes a trap or fault, which normally saves the PC in the current 
frame. This must be avoided if the frame is mapped out or the PC has not yet been loaded 
(because of a fault on the global frame, for example). 

Implementation Note: Any invalid value of the PC can be used in the implementation, as 
indicated by the following routine, which returns FALSE if a process switch is in progress. 
Eight is the minimum size of a code segment entry vector. 

ValidContext: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
RETURN[PC > = SlzE[CodeSegment]*2]; 
END; 

lfno runnable process can be found on the ready queue, Reschedule sets running to FALSE, 
causing the instruction interpreter (§4.1) to ;enter a '1>usy wait" loop, waiting for an 
interrupt (§10.4.4) or a timeout (§10.4.5). When in this state, interrupts must be enabled; 
otherwise, a trap occurs in the context of the last running process (§9.5). 
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Programming Note: A RescheduleError is fatal. If the trap handler attempts to resume 
normal process switching, the results are undeimed. This condition is reported by the 
processor for debugging purposes only. 

10.4.2 Process State 

A process' state is saved in its PSB and perhaps also in one of a number of state vectors 
allocated to the process' priority level. A state vector preserves the process' stack and local 
frame pointer, and also has room for a fault parameter (the format is defined in §9.5.3). 
The process state saving and restoring routines and a description of the algorithms for 
state vector allocation and deallocation are included in this section. 

10.4.2.1 Saving and Loading Process State 

The SaveProcess and load Process routines are used by the scheduler to save the state of a 
running process and to reload the state of a ready process. The SaveStack and LoadStack 
routines are defined in §9.5.3. 

The stack is empty when a process is moved to or from the ready queue by the process 
instruction. For that reason, a state vector is needed only in the case of a pre-emption 
caused by a fault, an interrupt, or a timeout. The state vector is obtained using the 
AliocState routine described in the next section. Otherwise, the state of the process is 
contained entirely within the PSS. 

SaveProcess: PROCEDURE [preemption: BOOLEAN] = 
BEGIN ENABLE Abort = > ERROR; 

link: PsbLink Eo- Fetch[@PDA.block[psB].link] i ; 
IF ValidContext[] THEN StoreMds[@,LocaIBase[Lf].pc] i Eo- PC; 
IF link.preempted Eo- preemption THEN • 

BEGIN 

state: StateHandle; 
IF -link.permanent THEN state Eo- AliocState[link.priority] 
ELSE state Eo- LengthenPdaPtr[Fetch[@PDA.block[PSB].context] i]; 
SaveStack[state]; 
Store[@state.frame] i Eo- LF; 

IF -Ii nk.permanent THEN 

Store[@PDA.block[PSB].context] i Eo- OffsetPda[state]; 
END 

ELSE 

IF -link.permanent THEN Store[@PDA.block[PSB].context] t Eo- LF 

ELSE 

BEGIN 

state: StateHandle Eo­

LengthenPdaPtr[Fetch[@PDA.block[PSB].context] i]; 
Store[@state.frame] i Eo- LF; 

END; 

Store[@PDA.block[PSB].linkj i Eo-link; 
J 

END; 
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Design Note: The ENABLE for Abort indicates that Save Process (and Allocstate and 
savestack) can not generate page faults (or write-protect faults). The state vector must be 
resident because the fault parameter is saved in it. (see § 10.4.3). 

Save Process must check that the context is valid before saving the PC in the current local 
frame. This check covers the case of a trap or fault during a process switch that has not yet 
'obtained a valid context. savestack handles the correct setting of savedsp as well as the 
stack pointer SP. 

Programming Nate: Saving the process state does not update the mds field of the PSB. If 
the program modifies the MDS register, it should also update the current PSB (if that is the 
effect desired). 

The LoadProcess routine reverses the actions of Save Process, freeing the state vector if one 
was allocated. Note that Loadstack sets savedsp as well as SP to the value obtained from 
the state vector. 

load Process: PROCEDURE RETURNS [frame: LocalFrameHandle] = 
BEGIN ENABLE Abort = > ERROR; 

mds: CARDINAL; 
link: PsbLink ~ Fetch[@PDA.block[psB].link] t ; 
frame ~ Fetch[@PDA.block[psB].context] t; 
IF link.preempted THEN 

BEGIN 
state: stateHandle ~ LengthenPdaPtr[frame]; 
Loadstack[state]; 
frame ~ Fetch[@state.frame] t ; 
IF -link.permanent THEN Freestate[link.priority, state]; 
END 

ELSE 
BEGIN 
IF link.failed THEN 

BEGIN 
PUSh[FALSE]; link. failed ~ FALSE; 
Store[@PDA.block[PSB].Iink] t ~Iink; 
END; 

IF Iink.permanent THEN 
BEGIN 
state: StateHandle ~ LengthenPdaPtr[frame]; 
frame ~ Fetch[@state.frame] t ; 
END; 

END; 
mds ~ Fetch[@PDA.block[psB].mds] t ; 
MDS ~ LongShift[LONG[mds], WordSize]; 
END; 

Design Note: The ENABLE for Abort indicates that LoadProcess (and loadStack and 
FreeState) can not generate page faults (or wri~e-protect faults); until the LoadProcess has 
completed, the state vector is unavailable for reuse by a subsequent fault. 
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LoadProcess checks for the presence of the failed bit set by the Monitor Entry and Monitor 
Reentry instructions. In this case, it pushes FALSE onto the stack so that the following Jump 
Zero Byte instruction will loop back to the monitor entry sequence (see §10.2.1). 

Implementation Note: In the ease of a fault (see §l0.4.3), some implementations of the 
processor may save additional processor state in the state vector for use by a subsequent 
load. However, except for the size of the state vector required (which must be constant for 
all processes), the presence of this additional information must be invisible to the 
programmer. 

10.4.2.2 State Vector Allocation 

State vectors are allocated much like frames, using an array of pointers to lists of free 
state vectors called the State Allocation Table (SAT). A separate list is provided for each 
priority level, but unlike frame allocation, there is no provision for indirect lists. All 
pointers in the SAT are relative to the base of the Process Data Area. 

StateAliocationTable: TYPE = ARRAY Priority OF POINTER TO StateVector; 

The scheduler uses the following routine to ensure that a state vector is available at the 
correct priority level before running a process: 

EmptyState: PROCEDURE [pri: Priority] RETURNS [BOOLEAN] = 
BEGIN 
state: POINTERToStateVector= Fetch[@PDA.state[priJ] i; 
RETuRN[state = LOOPHOLE[O]]; 
END; 

The allocation routine simply returns the element of the array indexed by the requested 
priority, updating the array to point to the next item on the list. FreeState returns the 
state vector to the head of the list in the obvious way. 

AliocState: PROCEDURE [pri: Priority] RETURNS [state: StateHandle] = 
BEGIN 
offset: POINTER = Fetch[@PDA.state[priJ] i ; 
IF offset = LOOPHOLE [0] THEN ERROR; 
state Eo- LengthenPdaPtr[C'ffset]; 
Store[@PDA.state[pri]] i .... Fetch[state] i ; 
RETURN[state]; 
END; 

FreeState: PROCEDURE [pri: Priority, state: StateHandle] = 
BEGIN 
Store[state] i Eo- Fetch[@PDA.state[pri]] i; 
Store[@PDA.state[pri]) i Eo- OffsetPda[state]; 
END; 

There is no provision for trapping or faul~g when a state-vector list is empty. The 
scheduler guarantees that, when it runs a process, there is a state vector available for the 
subsequent pre-emption that may occur. 
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Programming Note: Because there must be one state vector for each pre-emptible 
process, the number of state vectors in each list determines the degree of pre-emptive 
multi-programming allowed at the corresponding priority-level. 

10.4.3 Faults 

A fault is an exception that causes a process switch. There are three such exceptions: a 
page fault, a write protect fault, and a frame-allocation fault. Each type of fault has an 
associated queue where faulted processes are kept, as well as an associated fault-handler, 
represented by a condition variable that is notified when the fault occurs. This 
information is organized as a substructure of the PDA. 

FaultVector: TYPE = ARRAY Faultlndex OF FaultQueue; 

Faultlndex: TYPE = [O .. B); 

FaultQueue: TYPE = MACHINE DEPENDENT RECORD [ 

queue (0): Queue, 
condition (1): Condition]; 

Fault processing is logically much like trap processing (§9.5.2), with the following 
differences: 

• The fault parameter is saved in the state vector of the current (faulted) process, 
rather than in the frame of the trap handler . 

• The fault results in a process switch rather than a control transfer. The fault 
handler can therefore run in a Main Data Space different from the faulted process. 

The precise actions that must be taken by the processor when a fault occurs are shown by 
FaultOne (single word parameter), FaultTwo (double word parameter), and the common 
Fault routine. 

FaultOne: PROCEDURE [fi: Faultlndex, parameter: UNSPECIFIED] = 
BEGIN 

psb: Psblndex = Fault[fi]; 
state: POINTER TO StateVector = Fetch[@pDA.block[psb].context]-t; 
StorePda[@state.data[o]] fE-parameter; 
ERROR Abort; 
END; 

FaultTwo: PROCEDURE [fi: Faultlndex, parameter: LONG UNSPECIFIED] = 
BEGIN 

psb: Psblndex = Fault[fi]; 
state: POINTER TO StateVector = Fetch[@PDA.block[psb].context] t ; 
StorePda[@state.data[o]] f E- LowHalf[parameter]; 
StorePda[@state.data[1]] f E- HighHalf[parameter]; 
ERROR Abort; 
END; 

Fault: PROCEDURE [fi: Faultlndex] RETURNS [Psblndex] = 
BEGIN 

faulted: Psblndex = PSB; 
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Requeue[src: @PDA.ready, dst: @PDA.fault[fi].queue, psb: faulted]; 
(] ~ NotifyWakeup[@PDA.fault[fi].condition]; 
PC ~ savedpc; sp ~ savedsp; 
Reschedule[preemption: TRUE]; 
RETURN[faulted]; 
END; 

Fault saves the PSB index of the faulted process, moves the process to the appropriate fault 
queue, and notifies the fault handler using NotifyWakeup (because there is no monitor 
controlling access to the fault condition variables; see §l0.4.4.2). It then restores the PC 
and SP and invokes the scheduler. The fault routines store their parameters in the state 
vector of the faulted process. The three possible faults have the following parameters: 

FrameFault: PROCEDURE [fsi: FSlndex] = {FaultOne[qFrameFault, fsi]}; 

A frame of the requested size (or larger) could not be allocated. The value of the 
parameter is the frame size index requested by XFER or the Allocate Frame 
instruction (§9.2.2). 

PageFault: PROCEDURE [ptr: LONG POINTER] = {FaultTwo[qPageFault, ptr]}; 

WriteProtectFault: PROCEDURE [ptr: LONG POINTER] = { 
Fau ItTwO[qWriteProtectFault, ptr]}; 

An access to an unmapped page (a store into a write -rotected page) was attempted. 
The value of the fault parameter is the virtual address used by the memory 
reference that faulted (§3.1.1). 

The sizes of fault parameters determine the value of cSV, the minimum size of a state 
vector; itis defined in the Appendix. 

Because the fault routine always re-establishes the initial state of a faulted instruction, 
mUltiple faults on a single instruction are invisible to the programmer, and there is no 
need for the fault handler to concern itself with possible partial side effects of the 
instruction or with the continuation of partially completed instructions. 

Programming Note: After correcting the cause of the fault, the fault handler must use 
the Requeue instruction (instead of NC or BC) to remove the faulted process from the fault 
queue and make it ready. 

10.4.4 Interrupts 

An array of reserved condition variables is allocated in the Process Data Area for 
servicing interrupts on one of sixteen interrupt-levels. An interrupt is implemented by 
notifying one of these conditions: 

InterruptVector: TYPE = ARRAY InterruptLevel OF Interruptltem; 

InterruptLevel: TYPE = [o .. WordSize); J. 

Interruptltem: TYPE = MACHINE DEPENDENT RECORD [ 
condition (0): Condition, available (1): UNSPECIFIED]; 
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When an external event occurs that requires service from an interrupt process, a wakeup 
is generated. Wakeups include signals from devices and controllers, and perhaps also 
internal signals within the processor (for example, clocks or timers). Wakeups are held 
pending until completion of the current instruction, when they are translated into 
interrupts by the processor . 

. Design Note: Some interrupt levels may be reserved for internal use by the processor. 
One level typically is used to implement the check for timeouts (§10.4.5). The (read-only) 
wakeup mask register indicates the reserved levels (defined in Appendix A): 

WM: UNSPECIFIED = cWM; 

This register has the same format as WP; bit icorresponds to interrupt level i (see below). 

10.4.4.1 Checking for Interrupts 

Because interrupts occur only between instructions, wakeups received during the 
execution of the current instruction are buffered in the wakeup pending register WP. A 
device or controller requesting service from the process assigned to interrupt level i sets 
bit iofthis register to one. It must do so atomically with respect to reads and writes of this 
register performed by other devices and the processor. 

WP: UNSPECIFIED; 

Before fetching and executing each instruction, the processor calls CheckForlnterrupts, 
which invokes the following routine to test for the presence of an interrupt: 

InterruptPending: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 

RETURN[WP # 0 AND InterruptsEnabled[]]; 
END; 

Implementation Note: For maximum execution speed, the WP # 0 test should always be 
done before the InterruptsEnabled[] test, since interrupts are almost always enabled. 

The WP register saves only one wakeup request for each interrupt level per instruction 
execution, and the check for pending wakeups is made once before the beginning of each 
instruction (except for interruptible instructions; see below) by the main loop of the 
instruction interpreter (§4.1). A particular implementation of the processor may check for 
interrupts more or less often than shown in the description, as long as it meets the 
following requirements: 

Interrupts must always appear to the programmer to happen between the execution 
of two instructions. If a wakeup is noticed after the execution of an instruction has 
begun, the processor must be restored to its state at the beginning of the instruction 
before the wakeup can be translated into an interrupt; alternately, the processor 
may complete the current instruction before processing the wakeup. Certain 
instructions with long execution time!> are interruptible, for example, the block 
transfer instructions (§S). They check for pending wakeups during execution and 
make special provisions for restart in the event of an interrupt. 
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The worst case response to the highest-priority interrupt will occur when the 
interrupt request is raised in conjunction both with the timeout sean and with an 
opcode that requires a long execution time without interrupt cheeks. To avoid 
making response time worse than it must be, opcodes should check for interrupts at 
intervals small compared to the timeout sean . 

. Programming Note: The software must be written to be robust in the face of lost 
wakeups. The timeout mechanism described in the next section is designed to assist the 
programmer with this requirement. 

10.4.4.2 Interrupt Processing 

The Interrupt routine translates each pending wakeup into a notify of the condition 
associated with that wakeup'S interrupt level. Higher interrupt levels are always 
processed fIrst. Notice that the interrupt level is independent of the priority of the process 
waiting on the condition variable. The level affects only the order in which interrupt 
processes with the same priority are moved to the ready queue. 

CheckForlnterrupts: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
IF InterruptPending[] 

THEN RETURN[lnterrupt[]] 
ELSE RETURN[FALSE]; 

END; 

Interrupt: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
mask: UNSPECIFIED +- 1 ; 

wakeups: UNSPECIFIED; 
requeue: BOOLEAN +-FALSE; 
wakeups +- wp; WP +- 0; 
FOR level: InterruptLevel DECREASING IN InterruptLevel DO 

IF And [wakeups, mask] # OTHEN 
requeue +- NotifyWakeup[@PDA.interrupt[level].condition] OR requeue; 

mask +-Shift[mask, 1]; 
ENDLOOP; 

RETURN[requeue]; 
END; 

Implementation Note: The two assignment operations wakeups +- WP and WP +- 0 must 
be performed atomically with respect to devices that write into the wakeup pending 
register. 

Both faults and interrupts move a process to the ready queue by performing a variation of 
the standard notify operation (§ 10.2.5). Condition variables in the interrupt vector (and in 
the fault vector) make use of an additional bit. It records a wakeup in case no process is 
waiting on the condition. This record is necessary because another process (the device, in 
this case) can notify the condition without entering the monitor that normally protects a 
condition variable. If the device notifIes the interrupt process between the time the 
process decides to wait on the condition variable (for example, it checks the status and 
fmds the device busy) and the time the process actually executes the wait instruction, the 
notify would· be lost. To prevent this, the processor converts a pending wakeup (and a 
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fault) into a NotifyWakeup, which sets a wakeup bit in the condition variable if no process 
is waiting on the condition. 

NotifyWakeup: PROCEDURE [c: LONG POINTER TO Condition] RETURNS [BOOLEAN] = 
BEGIN 
cond: Condition; 
requeue: BOOLEAN ~ FALSE; 
CleanupCondition[c]; 
cond E- Fetch[c] i; 
IF cond.tail = PsbNuli THEN 

BEGIN 
cond.wakeup ~ TRUE; 
Store[c] i E- cond; 
END 

. ELSE 

BEGIN 
WakeHead[c]; 
requeue E- TRUE; 
END; 

RETURN[requeue]; 
END; 

The Monitor Wait instructions (§l0.2.3) do not wait when the wakeup bit is set. 

Programming Note: Since interrupts (and faults) perform a notify rather than a 
broadcast, only a single process should be waiting on the conditions in the interrupt vector 
and the fault queue. 

10.4.4.3 Disabling Interrupts 

Generation of interrupts is controlled by the wakeup disable counter woe. It counts the 
number of times interrupts have been disabled. The minimum value ofWdcMax is given 
in Appendix A. 

woe: CARDINAL; 
WdcMax: CARDINAL = cWDC; 

InterruptsEnabled: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
RETURN[WOC = 0]; 
END; 

Disablelnterrupts: PROCEDURE = 
BEGIN 
woe~WDC + 1; 

END; 

Enablelnterrupts: PROCEDURE = 
BEGIN 
WDC~WDC-1; 

END; 
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The instructions shown below allow the programmer to disable and enable interrupts. 
They generate a trap if the wakeup disable counter would be incremented or decremented 
out of range (§9.5). 

01 Disable Interrupts 

DI: PROCEDURE = 
BEGIN 

IFWDC = WdcMax THEN InterruptError[J; 
Disablelnterrupts[]; 
END; 

EI Enable Interrupts 

EI: PROCEDURE = 
BEGIN 

IF woe = 0 THEN InterruptError[]; 
Enablelnterrupts[]; 
END; 

Programming Note: A counter (rather than a flag) allows the programmer to disable and 
enable interrupts without regard to the previous state of the register, provided that the 
maximum value of the counter is not exceeded. 

10.4.5 Timeouts 

A process can be timed out by the processor, so it does not wait indefInitely on a condition 
queue. When a process executes a Monitor Wait instruction (§10.2.3), it specifies a time 
interval that limits the amount of time the process will spend in the condition queue. If 
the process is still on the queue after this interval has elapsed, it will be made ready by the 
processor. When the process next executes, it appears to the programmer as if it had 
received a notify. Thus, lost notifies will not cause processes to wait forever. 

To implement timeouts, each PSB has a timeout field which indicates when its 
corresponding process 'should be timed out. The Monitor Wait instruction (§10.2.3) 
generates this value by adding its time interval operand to the current value of the time 
(obtained from a processor register; see below). A value of zero indicates that the process 
should not be timed out. Unless a process is waiting on a condition queue, its timeout is 
always zero; that is, only waiting processes can be timed out. 

Timeouts are measured in ticks, where the conversion between ticks and real time is 
processor-dependent. A tick is on the or~er of 40 milliseconds. The upper and lower limits 
on the size of a tick are specified in Appendix A. Ti meOutlnterval is the size of the timeout 
interval measured in the units of the interval timer IT (§3.3.3). 

Ticks: TYPE = CARDINAL; 

TimeOutlnterval: LONG CARDINAL; 

Design Note: The size of the timeout interval should be chosen so that the overhead of 
checking for process timeouts is acceptably low. Consider the expected number of 
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processes in the system and the time required to perform the timeout scan, along with the 
minimum and maximum available timeout intervals. 

The current value of the time, measured in ticks, is kept in a programmer-accessible 
processor register called the process timeout counter. The accuracy of this timer measured 
against real time is not specified by the architecture. 

PTC: Ticks; 

Programming Note: Because the accuracy ofthe PTC is unspecified, programmers should 
use the interval timer IT whenever accurate knowledge of real or elapsed time is necessary. 
Moreover, there is no guarantee that a timeout will occur within the interval specified by 
a wait instruction, only that it will occur at approximately that time. 

The CheckForTimeouts routine is called by the main loop of the processor (§4.1). It checks 
to see if a timeout interval has elapsed by comparing the current value of the interval 
timer with its value at the last call (saved in the private global variable time). If 
interrupts are enabled and a timeout interval has elapsed, the processor increments the 
process timeout counter and calls TimeoutScan to check for PSBs that should be timed out. 

time: LONG CARDINAL; 

CheckForTimeouts: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
temp: LONG CARDINAL = IT; 
IF InterruptsEnabled[] 
AND temp-time > = TimeOutlnterval THEN 

BEGIN 
timeE-temp; PTCE-PTe + 1; 

IFPTC = OTHENPTCE-PTC + 1; 
RETURN[Ti meoutScan[]); 
END 

ELSE RETURN[FALSE]; 

END; 

Programming Note: The Process Timeout Counter does not tick while interrupts are 
disabled. If interrupts remain disabled for an extended period, the processor makes no 
attempt to timeout processes that should have been notified during that period. 

Implementation Note: The implementation need not follow the above algorithm exactly, 
as long as it appears to the programmer that a timeout occurs only between instructions, 
and that the scan occurs at intervals of approximately one timeout interval. In particular, 
the scan may be initiated by an interrupt internal to the processor, rather than by a call 
from within the main loop, or the sean can be done in parallel with the processor, as long 
as the timeout itself is properly synchronized with instruction execution. 

The timeout scan examines the timeout of each process in the timeout vector. Processes 
with zero timeouts are ignored. If the timeout is equal to the current value of the process 
timeout counter, the timeout is cleared and" the process is moved from an unknown 
condition queue to the ready queue. At· the end of the scan, if any processes have been 
made ready, the routine returns TRUE. 
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TimeoutScan: PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
requeue: BOOLEAN Eo- FALSE; 
count: CARDINAL = Fetch[@PDA.count] t; 
FOR psb: Psblndex IN [StartPsb .. StartPsb + count) DO 

timeout: Ticks Eo- Fetch[@PDA.block[psb].timeout] i; 
IF timeout # 0 AND timeout = PTCTHEN 

BEGIN 
flags: PsbFlags Eo- Fetch[@PDA.block[psb].flags] i ; 
flags.waiting Eo- FALSE; 
Store[@PDA.block[psb].flags] i Eo- flags; 
Store[@PDA.block[psb].timeout] i Eo-O; 
Requeue[src: LOOPHOLE[LONG[O]], dst: @PDA.ready, psb: psb]; 
requeue Eo- TRUE; 
END; 

ENDLOOP; 
RETURN[requeue]; 
END; 

Because the condition queue containing the process is unknown, zero is passed as the 
source queue to Requeue, which makes special provisions for handling this case (§lO.3). 

Design Note: It is the programmer's responsibility to ensure that the count reflects the 
PSBs that should be examined, and that the timeout of any PSB not representing an active 
process is set to zero (see § 1 0.1.1). 
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Values of Constants 

Appendix A defines the values of constants referenced in the preceding chapters. Where 
applicable, each constant description identifies the section where the constant is defined. 

1. Miscellaneous Constants 

The stack size defines the maximum number of sixteen-bit words contained in the 
evaluation stack. Notice that the stack pointer must represent values in the range [o .. css] 
inclusive (§3.3.2). 

(S5 Stack Size 

cS5: CARDINAL = 14; 

The minimum size of a state vector is defined by cSV (§9.5.3). It includes enough space for 
the control link used by the Load Stack instructions (L5K) and for the longest fault 
parameter (§10.4.3). The actual size is processor dependent (§10.4.2.1). 

cSV State Vector Size 

CSV: CARDINAL = SlzE[StateVector] + MAX[ 
SIZE [Control Link], 51zE[FSlndex], SIZE[LONG POINTER]]; 

The contents of the wakeup mask register is processor dependent. It records the interrupt 
levels reserved for internal use by the processor (§lO.4.4). 

cWM Wakeup Mask 

cWM: CARDINAL; 

The maximum value of the wakeup disable counter is processor dependent, but must be 
greater than or equal to cWDe (§l0.4.4). 
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cwoe Wakeup Disable Counter 

cWDe: CARDINAL = 7; 

The minimum and maximum durations of a tick, measured in milliseconds, are given by 
the following constants (§10.4.5). 

cTick Mininum and Maximum Tick Size 

cTickMin: CARDINAL = 15; 
cTickMax: CARDINAL = 60; 

2. Constant Memory Locations 

The following constants define the locations of the fixed c:J.ata structures of the 
architecture. Notice that the MDS data structures appear at the same relative location in 
each Main Data Space. 

To keep it from interfering with the booting process, the Process Data Area is located at 
the beginning of the second bank (§lO.I.I). 

mPOA Process Data Area 

mPDA: LONG CARDINAL = 2000008; 

The frame Allocation Vector starts at page one in each Main Data Space (§9.2.I). 

mAY Allocation Vector 

mAV: CARDINAL = 4008; 

The System Data table starts at page two in each Main Data Space (§9.5.1). 

msoSystem Data Table 

mSD: CARDINAL = 10008; 

The ESC Trap table begins at page three in each Main Data Space. It is a maximum of four 
pages long (§9.I.3.1). 

mETT Ese Trap Table 

mETT: CARDINAL = 20008; 

3. Fault Queue Indexes 

Three of the possible eight entries in the fault vector are used by the processor. The 
remaining entries are reserved (§ 1 0.4.3). 
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qFQ Fault Queue Indexes 

qFrameFault: CARDINAL = 08; qPageFault: CARDINAL = 1B; 

qWriteProtectFault: CARDINAL = 2B; 

4. System Data Table Indexes 

A 

Fifteen of the possible 192 entries in the System Data table are used by the processor. 
Other entries in the range [O .. 37B] are reserved. The remaining entries are available for 
use by the software (§9.S.1). See also the KFCB instruction (§9.4.2). 

sSD System Data Table Indexes 

sBoot: CARDINAL = 1 B; 

sBreakTrap: CARDINAL = OB; 

sControlTrap: CARDINAL = 6B; 

sDivZeroTrap: CARDINAL = 12B; 

sOpcodeTrap: CARDINAL = 5B; 

sProcessTrap: CARDINAL = 15B; 

sStackError: CARDINAL = 2B; 

sXferTrap: CARDINAL = 4B; 

sBoundsTrap: CARDINAL = 16B; 

sCodeTrap: CARDINAL = 7B; 

sDivCheckTrap: CARDINAL = 13B; 

slnterruptError: CARDINAL = 14B; 

sPointerTrap: CARDINAL = 17B; 

sRescheduleError: CARDINAL = 3B; 

sUnboundTrap: CARDINAL = 11 B; 

sHardwareError: CARDINAL = 10B; 

Design Note: The location of sBoot must be equal to two modulo four, so that the initial 
XFER (§4.7) will interpret it as an indirect control link (§9.1.2). 

5. Opcode Assignments 

The opcode assignments, which are the same for each implementation of the processor, are 
under development. 
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Approximate conventions in opeode naIpes: 

initial letter: 
J - Jump. Conditional and unconditional jump instructions 
L - Load. Simple load oflocal or global variable 
P - Put. Store (simple or indirect) but leave the value on the stack 
R - Read. Indirect load through pointer; ifpointer is on stack, replace it with 

value. 
S - Store. Simple store oflocal or global variable 
W - rite. Indirect store through pointer 

terminalletter(s): 
B - Byte. The next byte is an eight-bit datum 
BB - Byte Byte. The next two bytes are a pair of eight-bit data 
F - Field. The next two bytes are an eight-bit word offset and two four-bit 

numbers indicating position and size of a subword field. When the F is 
preceded by a number, that number is the offset and only the poslsize byte 
follows. 

n - Represents a family of instructions having a range of values for n. 
P - Pair. The next byte is a pair off our-bit data 
W - Word. The next two bytes are a sixteen-bit datum (high byte first) 

other letters: 
C- Code. 
D - Double. Refers to operations on 32-bit data. 
FC - Function Call. 
G- Global. 
I - Indirect. 
L- . Local. 
L - Long. Refers to operations using 32-bit pointers. 
S- Signed. 
S- Stack. 
S - String. Involves indexing memory as an array of bytes. 
S - Swapped. The "normal" order of data then pointer for Write instructions is 

reversed. ;. 
U - Unsigned. For 16- and 32-bit unsigned comparisons. 
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Description conventions: 

Data values and pointers are sixteen-bit unless identified as 32-bit. When the potential 
for confusion exists, both 16- and 32-bit quantities are noted. All sixteen-bit pointers are 
MDS relative. 

The f1rst operand byte is called alpha, and the second is called beta. In the case of 
subdivided bytes, the nibbles are called alpha.left and alpha.right (or beta.left and 
beta.right). If two operand bytes are considered as a sixteen-bit quantity, it is called 
alphabeta and is equal to alpha*256 + beta. Sign-extended operand bytes are sxalpha and 
sxbeta. The high and low bytes of sixteen-bit data are called data.high and data.low. 

L is the address of the current local frame; G is the address of the current global frame; C 
is the address of the current code segment. Land G are sixteen-bit MDS relative pointers. 

In the unobvious cases, stack content at the beginning of the instructi-on will be given as 
"Stack has x, y, z." in bottom to top order. 32-bitquantities are stored in the stack with the 
least significant word on the bottom; in memory the least significant word is stored in the 
lower address. 

LLn Load Local n (n = 0 .. 11) 
Load from location L + n. 

LLB Load Local Byte 
Load from location L + alpha. 

LLDn Load Local Double n (n = 0 .. 8, 10) 
Load from locations L + nand L + n + 1. 

LLDB Load Local Double Byte 
Load from locations L + alpha and L + alpha + 1. 

SLn Store Local n (n = 0 .. 10) 
Store into L + n 

SLB Store Local Byte 
Store into L + alpha. 

SLDn Store Local Double n (n = 0 .. 6,8) 
Store into L+n+ 1 andL+n. 

PLn Put Local n (n = 0 .. 3) 
Stack has data. Store data into L+n; leave data on stack. 

PLB Put Local Byte 
Stack has data. Store data into L + alpha; leave data on stack. 

PLDn Put Local Double n (n = 0) 
Stack has 32-bit data. Store data into locations L+n and L+n+ 1; leave data on 
stack. 

PLDB Put Local Double Byte 
Stack has 32-bit data. Store data into locations L + alpha and L + alpha + 1; leave 
data on stack. 

LGn Load Global n (n = 0 .. 2) 
Load from G+ n. 

LGB Load Global Byte 
Load from G+ alpha. 

LGDn Load Global Double n (n = 0, 2) 
Load from locations G+n and G+n+ l. 

LGDB Load Global Double Byte 
Load from locations G+ alpha and G+ alpha + 1. 
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SGB Store Global Byte 
Store into G+alpha. 

BNDCK Bounds Check 
Stack has value, limit. IF value -IN [O . .limit) THEN trap ELSE discard limit. 

BRK Breakpoint 
IF resuming from debugger THEN execute broken opcode ELSE trap. 

Rn Read n (n = 0 .. 1) 
Stack has pointer. Load from pointer + n. 

RB Read Byte 
Stack has pointer. Load from pointer + alpha. 

RLn Read Long n (n = 0) 
Stack has 32-bit pointer. Load from pointer + n. 

RLB Read Long Byte 
Stack has 32-bit pointer. Load from pointer + alpha. 

RDn Read Double n (n = 0) 
Stack has pointer. Load from pointer + nand pointer + n + 1. 

RDB Read Double Byte 
Stack has pointer. Load from locations pointer + alpha and pointer + alpha + 1. 

RDLn Read Double Long n (n = 0) 
Stack has 32-bit pointer. Load from pointer + nand pointer + n + l. 

RDLB Read Double Long Byte' 
Stack has 32-bit pointer. Load from pointer + alpha and pointer + alpha + 1. 

Wn Write n (n = 0) 
Stack has data, pointer. Store data into pointer + n. 

WB Write Byte 
Stack has data, pointer. Store data into pointer + alpha. 

PSB Put Swapped Byte 
Stack has pointer, data. Store data into pointer + alpha; leave pointer on stack (but 
not data). . 

WLB Write Long Byte 
Stack has data, 32-bit pointer. Store data into pointer + alpha. 

PSLB Put Swapped Long Byte 
Stack has 32-bit pointer, data. Store data into pointer+alpha; leave pointer on 
stack (but not data). 

WDB Write Double Byte 
Stack has 32-bit data, pointer. Store data into pointer + alpha and 
pointer+a1pha+l. 

PSDn Put Swapped Double n (n = 0) 
Stack has pointer, 32-bit data. Store data into pointer+n and pointer + n+ l;leave 
pointer on stack (but not data). 

PSDB Put Swapped Double Byte 
Stack has pointer, 32-bit data. Store data into pointer + alpha and 
pointer + alpha + 1; leave pointer on stack (but not data). 

WDLB Write Double Long Byte 
Stack has 32-bit pointer, 32-bit data. Store data into pointer+alpha and 
pointer + alpha + 1. 

PSDLB Put Swapped Double Long Byte 
Stack has 32-bit pointer, 32-bit data. Store data into pointer+alpha and 
pointer + alpha + 1; leave pointer on stack (but not data). 

RLiOn Read Local Indirect Zero n (n = 0 .. 3) 
Pointer is in L+O. Load from pointer+n. 
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RLiP Read Local Indirect Pair 

Pointer is in L + alpha.left. Load from pointer + alpha. right. 
RLiLP Read Local Indirect Long Pair 

32-bit pointer is in. L + alpha.left and L + alpha.left + 1. Load from 
pc.inter+ alpha. right. 

RLDIOn Read Local Double Indirect Zero n (n = 0) 
32-bit pointer is in L + 0 and L + 1. Load from pointer + n and pointer + n + 1. 

RLDIP Read Local Double Indirect Pair 
Pointer is in L + alpha.left. Load from pointer + alpha. right and L + alpha. right + 1. 

RLDILP Read Local Double Indirect Long Pair 
32-bit pointer is in L + alpha.left and L. + alpha.left + 1. Load from 
pointer + alpha. right and L + alpha. right + 1. 

RGIP Read Global Indirect Pair 
Pointer is in G+ alpha.left. Load from pointer + alpha.right. 

RGILP Read Global Indirect Long Pair 
32-bit pointer is in G+ alpha.left and G + alpha. left + 1. Load from 
pointer + alpha.right. 

WUP Write Local Indirect Pair 
Pointer is in L + alpha.left. Store into pointer + alpha.right. 

WULP Write Local Indirect Long Pair 
32-bit pointer is in L+ alpha.left and L + alpha.left + 1. Store into 
pointer + alpha.right. 

WLDILP Write LoCal Double Indirect Long Pair 
Stack has 32-bit data. 32-bit pointer is in L+alpha.left and L+alpha.left+ l.Store 
data into pointer + alpha. right and pointer + alpha. right + 1. 

RS Read String 
Stack has pointer, index. Fetch word from pointer + (indexl2); IF index MOD 2 = 0 
THEN push wordl256 ELSE push word MOD 256. 

RLS Read Long String 
Stack has 32-bit pointer, index. F.etch wc;>rd from pointer+(indexl21~ IF, index MOD 
2 = 0 THEN push word.high ELSE push 'word.low.' . 

WS Write String 
. Stack has data, pointer, index. Fetch word from pointer + (indexl2); IF index MOD 2 

= 0 THEN word.high +- data ELSE word. low +- data; Store word at 
pointer + (indexl2). 

WLS Write Long String 
Stack has data, 32-bit pointer. index. Fetch word from pointer + (indexl2); IF index 
MOD 2 = 0 THEN word.high +- data ELSE word.low +- data; Store word at 
pointer + (indexl2). 

ROF Read Zero Field 
Stack has pointer. Fetch word from pointer + 0; push subword described by alpha. 

RF Read Field 
Stack has pointer. Fetch word from pointer+alpha; push subword described by 
beta. 

RLOF Read Long Zero Field 
Stack has 32-bit pointer. Fetch word from pointer + 0; push subword described. by 
alpha. 

RLF Read Long Field ,. 
Stack has 32-bit pointer. Fetch word from pointer + alpha; push subword described 
by beta. 
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RLFS Read Long Field Stack 
Stack has 32-bit pointer, fieldDesc. Fetch word from pointer + fieldDesc.high; push 
subword described by fieldDesc.low. 

RLlPF Read Local Indirect Pair Field 
Pointer is in L+alpha.left. Fetch word from pointer + alpha. right; push subword 
described by beta . 

. RLlLPF Read Local Indirect Long Pair Field 
32-bit pointer is in L+alpha.left. Fetch word from pointer+alpha.right; push 
subword described by beta. 

WOF Write Zero field 
Stack has data, pointer. Fetch word from pointer + 0; put data in subword described 
by alpha; store word topointer+O. 

WF Write Field 
Stack has data, pointer. Fetch word from pointer+alpha; put data in subword 
described by beta; store word to pointer + alpha. 

PSF Put Swapped Field 
Stack has pointer, data. Fetch word from pointer+alpha; put data in subword 
described by beta; store word to pointer + alpha; leave pointer on stack (but not 
data). 

PSOF Put Swapped Zero Field 
Stack has pointer, data. Fetch word from pointer + 0; put data in subword described 
by alpha; store word to pointer + 0; leave pointer on stack (but not data). 

WSOF Write Swapped Zero Field 
Stack has pointer, data. Fetch word from pointer+O; put data in subword described 
by alpha; store word to pointer + O. 

WLOF Write Long Zero Field 
Stack has data, 32-bit pointer. Fetch word from pointer + 0; put data in subword 
described by alpha; store word to pointer + o. 

WLF Write Long Field 
Stack has data, 32-bit pointer. Fetch word from pointer+alpha; put data in 
subword described by beta; store word to pointer + alpha. 

PSLF Put Swapped Long Field 
Stack has 32-bit pointer, data. Fetch word from pointer+alpha; put data in 
subword described by beta; store word to pointer + alpha; leave pointer on stack (but 
not data). 

WLFS Write Long Field Stack 
Stack has data, 32-bit pointer, fieldDesc. Fetch word from pointer+fieldDesc.high; 
put data in subword described by fieldDesc.low; store word to pointer + alpha. 

SLOB Store Local Double Byte 
Store into L+ alpha. 

SGDB Store Global Byte 
Store into G + alpha. 

LLKB Load Link Byte 
Fetch from G-2 and test link location bit. 
o = > Load from G-6-(2*alpha) and G-6-(2*alpha) + 1 
1 = > Load from C-2-(2*alpha) and C-2-(2*alpha) + 1. 

RKIB Read link Indirect Byte 
Fetch 32-bit pointer as described in LLKB; load from pointer + o. 

RKDIB Read Link Double Indirect Byte 
Fetch 32-bit pointer as described in LLKB; load from pointer + 0 and pointer + l. 

LKB Link Byte 
Recover word from above the top of stack; store word-alpha in L+ O. 
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SHIFT Shift 
Stack has data, count. Shift data by count bits; left if count is positive; right if count 
is negative. 

SHIFTSB Shift Signed Byte 
Stack has data. Shift data by sign-extended alpha; left if positive; right if negative. 

CATCH catch 
Two byte noop used by Mesa runtime system. 

Jn Jump n (n = 2 .. 8) 
Unconditional jump. New PC is PC+n. 

JB Jump Byte 
Unconditional jump. New PC is PC + sxalpha. 

JW Jump Word 
U nconditionaljump. New PC is PC + alphabeta. 

JEP Jump Equal Pair 
Stack has data. IF data = alpha.left THEN new PC is PC + alpha. right + 2. 

JEB Jump Equal Byte 
Stack has datal, data2. IF datal = data2 THEN new PC is PC + sxalpha. 
JEBB Jump Equal Byte Byte 

Stack has data. IF data = alpha THEN new PC is PC + sxbeta. 
JNEP Jump Not Equal Pair 

Stack has data. IF data # alpha.left THEN new PC is PC + alpha. right + 2. 
JNEB Jump Not Equal Byte 

Stack has datal, data2. IF datal # data2 THEN new PC is PC + sxalpha. 
JNEBB Jump Not Equal Byte Byte 

Stack has data. IF data # alpha THEN new PC is PC + sxbeta. 
JLB Jump Less Byte 

Stack has datal, data2. IF datal < data2 (signed) THEN new PC is PC + sxalpha. 
JGEB Jump Greater Equal Byte 

Stack has datal, data2. IF datal > = data2 (signed) THEN new PC is 
PC + sxalpha. 

JGB Jump Greater Byte 
Stack has datal, data2. IF datal> data2 (signed) THEN new PC is PC + sxalpha. 

JLEB Jump Less Equal Byte 
Stack has datal, data2. IF datal < = data2 (signed) THEN new PC is 
PC + sxalpha. 

JULB Jump Unsigned Less Byte 
Stack has datal, data2. IF datal < data2 (unsigned) THEN new PC is 
PC + sxalpha. 

JUGEB Jump Unsigned Greater Equal Byte 
Stack has datal, data2. IF datal > = data2 (unsigned) THEN new PC is 
PC + sxalpha. 

JUGB Jump Unsigned Greater Byte 
Stack has datal, data2. IF datal > data2 (unsigned) THEN new PC is 
PC + sxalpha. 

JULEB Jump Unsigned Less Equal Byte 
Stack has datal, data2. IF datal < = data2 (unsigned) THEN new PC is 
PC + sxalpha. 

JZn Jump Zero n (n = 3 . .4) 
Stack has data. IF data = 0 THEN new PC is PC + n. 

JZB Jump Zero Byte 
Stack has data. IF data = 0 THEN new PC is PC + sxalpha. 
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JNZn Jump Not Zero n (n = 3 . .4) 
Stack has data. IF data # 0 THEN new PC is PC + n. 

JNZB Jump Not Zero Byte 
Stack has data. IF data # 0 THEN new PC is PC + sxalpha. 

JDEB Jump Double Equal 
Stack has 32-bit datal, 32-bit data2. IF datal = data2 THEN new PC is 
PC + sxalpha. 

JDNEB Jump Double Not Equal 
Stack has 32-bit datal, 32-bit data2. IF datal # data2' THEN new PC is 
PC + sxalpha. 

JIB Jump Indexed Byte 
Stack has index, limit. IF index < limit THEN { fetch disp from 
C + alphabeta + (indexl2); new PC is PC + IF index MOD 2 = 0 THEN disp.high 
ELSE disp.low}. 

JIW Jump Indexed Word 
Stack has index, limit. IF index < limit THEN { fetch disp from 
C + alphabeta + index; new PC is PC + disp}. 

REC Recover 
Recover the value above the top of stack, i.e. increment the stack pointer without 
changing any stack values. 

REC2 Recover 2 
Recover the two values above the top of stack, i.e. increment the stack pointer by 
two without changing any stack values. 

DIS Discard 
Discard the top value on the stack, i.e. decrement the stack pointer. 

DIS2 Discard 2 
Discard the top two values on the stack, Le. decrement the stack pointer by two. 

EXCH Exchange 
Interchange the top two values on the stack. 

DEXCH Double Exchange 
Interchange the top two 32-bit values on the stack. 

DUP Duplicate 
Duplicate the top value on the stack. 

DDUP Double Dupl icate 
Duplicate the top 32-bit value on the stack. 

EXDIS Exchange Discard 
Equivalent to the sequence EXCH; DIS. 

NEG Negate 
Stack has data. Push O-data. 

INC Increment 
Stack has data. Push data + l. 

DEC Decrement 
Stack has data. Push data-I. 

DINC Double Increment 
Stack has 32-bit data. Push data + 1 

DBl Double 
Stack has data. Push data*2. 

DDBL Double Double 
Stack has 32-bit data. Push data*2. 

TRPL Triple 
Stack has data. Pushdata*3. 
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AND And 
Stack has datal, data2. Push datal AND data2. 

lOR Inclusive Or 
Stack has datal, data2. Push datal OR data2. 

ADDSB Add Signed Byte 
Stack has data. Push data + sxalpha. 

ADD Add 
Stack has data l, data2. Push datal + data2. 

SUB Subtract 
Stack has datal, data2. Push datal-data2. 

DADD Double Add 
Stack has 32-bit datal, 32-bit data2. Push datal +data2. 

DSUB Double Subtract 
Stack has 32-bit datal, 32-bit data2. Push datal-data2. 

ADC Add Double to cardinal 
Stack has 32-bit datal, 16-bit data2. Push datal +data2. 

ACD Add Cardinal to Double 
Stack has 16-bit datal, 32-bit data2. Push datal +data2. 

ALOIB Add Local Zero Immediate Byte 
Fetch data from L + 0; Push data + alpha. 

MUL Multiply 
Stack has datal, data2. Push the 32-bit value datal *data2 then decrement the 
stack pointer. The effect is to leave the 16-bit product on the stack and the high 16 
bits of the product above the stack. 

DCMP Double Compare 
Stack has 32-bit datal, 32-bit data2. Compare datal and data2 (signed) and push -1 
if datal <data2; 0 if datal =data2; + 1 ifdatal >data2. 

UDCMP Unsigned Double Compare 
Stack has 32-bit datal, 32-bit data2. Compare datal and data2 (unsigned) and push 
·1 if datal < data2; 0 if datal = data2; + 1 if datal> data2. . 

lin Load Immediate n (n = 0 .. 10) 
Pushn. 

UN1 Load Immediate Negative 1 
Push -l. 

UNI Load Immediate Negative Infinity 
Push -32768. 

UB Load Immediate Byte 
Push alpha. 

UW Load Immediate Word 
Push alphabeta. 

UNB Load Immediate Negative Byte 
Push alpha-256. (I.e. set the high byte to all ones). 

UHB Load Immediate High Byte 
Push alpha*256. 

UDO Load Immediate Double 0 
Push two words of zero. 

LAn Local Address n (n = 0 .. 3, 6, 8) 
Push IS-bit value L + n (not the contents of). 

LAB Local Address Byte 
Push I6-bit value L+alpha. 

LAW Local Address Word 
Push I6-bit value L + alphabeta 
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GAn Global Address n (n = 0 .. 1) 
Push IS-bit value G+n. 

GAB Global Address Byte 
Push IS-bit value G+ alpha. 

GAW Global Address Word 
Push 16-bit value G+alphabeta . 

. EFCn External Function Call n (n = 0 .. 12) 
Fetch link n as described in LLKB and XFER to it. 

EFCB External Function Call Byte 
Fetch link alpha as described in LLKB and XFER to it. 

lFC local Function Call 
Do the last half of XFER (frame allocation and set new PC) using alphabeta as the 
PC of the new procedure. 

SFC Stack Function Call 
Stack has 32-bit controlLink. XFER to eontrolLink. 

RET Return 
Fetch returnLink from L-l; XFER to returnLink with a source of zero. 

KFCB Kernel Function Call Byte 
Fetch link from SD[alpha] and XFER to it. 

ME Monitor Enter 
Stack has 32-bit pointer to monitor lock. IF the monitor is unlocked THEN lock it 
ELSE enqueue current process on monitor queue and reschedule. 

MX Monitor Exit 
Stack has 32-bit pointer to monitor lock. Unlock the monitor; IF the queue is not 
empty, wake up the flrst waiting process and reschedule. 

BlT Block Transfer 
Stack has source Pointer, count, destPointer. Transfer count words beginning at 
sourcePointer to locations beginning at destPointer. This instruction is 
interruptable; if interrupted it leaves updated values on the stack and the 
isntruction is restarted after the interrupt with this new ~ta: 

Bl TL Block Transfer Long 
Stack has 32-bit soureePointer, 16-bit count, 32-bit destPointer. See BLT for 
remainder of description. 

Bl TC Block Transfer Code 
Stack has 16-bit offset, count, destPointer. sourcePointer is C + offset; see BLT. 

Bl TCl Block Transfer Code long 
Stack has 16-bit offset, count, 32-bit destPointer. sourcePointer is C+offset; see 
BlT. 

LP Lengthen Pointer 
Stack has pointer. IF pointer = 0 THEN push 0 ELSE push MDS. 

ESC Escape 
Use alpha for a secondary opcode dispatch (see below). This instruction is always 
exactly two bytes long. Unimplemented instructions trap through the 
ESCTrapTable. 

ESCL Escape long 
Like ESC except this instruction is always exactly three bytes long. 

RESRVD Reserved 
Opeodes 0 and 255 are reserved for implementation dependent uses, e.g. one 
implementation implemented interrupts by forcing the next opcode dispatch to go to 
opcode 0 and sorting out the state there. These codes are never generated by the 
compiler and should not be assigned any programmer accessible function. 
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Opcodes 

Escape opcode alpha bytes: 

There are two Escape opcodes, ESC and ESCL. These decode their alpha bytes from a 
single eight-bit address space. The sole purpose of having two different instructions is so 
that all Mesa opcodes have one flXed length. This permits (relatively) simple hardware to 
pre-fetch and pre-decode instructions based only on their first byte. In the list below, codes 
beginning with "a" are used exclusively with ESC to form a two-byte opcode. Codes 
beginning with ''bit are used exclusively with ESCL (and the following beta byte) to form a 
three-byte opcode. 

aMW Monitor Wait 
Stack has 32-bit monitorPointer, 32-bit conditionPointer, I6-bit timeout. Unlock 
monitor (and wakeup waiting process if any); enqueue current process on condition 
with timeout value; reschedule. Exceptions: IF condition has wakeup waiting OR 
process has been aborted THEN current process continues to run. 

aMR Monitor Reenter 
Stack has 32-bit monitorPointer, 32-bit conditionPointer. IF monitor locked THEN 
enqueue on monitor queue and reschedule ELSE {test for aborting and trap if 
appropriate; lock monitor and proceed}. 

aNC Notify Condition 
Stack has 32-bit conditionPointer. Wakeup the first process on the condition queue 
and reschedule if awakened. 

aBC Broadcast Condition 
Wakeup all process on the condition queue and reschedule if any a wakened. 

aREQ Requeue 
Stack has 32-bit queuePointer1, 32-bit queuePointer2, I6-bit process. Dequeue 
process from queuel and enqueue it on queue2. IF either queue was the ready list 
THEN reschedule. 

aSM Set Map 
Stack has 32-bit virtualPage, 32-bit realPage, flags. Set up the indicated virtual to 
real mapping. 

aSMF Set Map Flags 
Stack has 32-bit virtualPage, flags. Set the flags in the indicated map entry. 

aGMF Get Map Flags 
Stack has 32-bit virtualPage. Push the flags of the indicated virtual page. 

aAF Allocate Frame 
Stack has index. Allocate a frame from the indicated list (as in a procedure call) and 
push the IS-bit address of the frame. 

aFF Free Frame 
Stack has pointer. Fetch index from pointer-3 and link the frame onto the indicated 
list. 

aPI Port In 
Recover source and portAddress from above stack. Store 32-bit zero at 
portAddress + 0; IF source # 0 THEN extend it with a high order zero and store at 
portAddress + 2 and portAddress + 3. 

aPO Port Out 
Stack has portAddress. Store L at portAddress+O; fetch link from portAddress+2 
and portAdress + 3 and XFER to it with a source of portAddress. 

aPOR Port Out Responding 
Identical to Port Out. The distinction between the two is used by a trap handler to 
decide how to recover from port faults. 
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aSPP Set Process Priority 
Stack has priority. Dequeue current process from ready queue; change its priority; 
enqueue process on ready queue and reschedule. 

aDI Disable Interrupts 
Increment the WakeupDisableCounter thus disabling any interrupt processing and 
process timeouts. Trap if the counter overflows . 

. aEI Enable Interrupts 
Decrement the WakeupDisableCounter; if the new value is zero, interrupts are now 
enabled. Trap if the counter underflows. 

aXOR Exclusive Or 
Stack has datal, data2. Push datal XOR data2. 

aDAND Double And 
Stack has 32-bit datal, 32-bit data2. Push datal AND data2. 

aDIOR Double Inclusive Or 
Stack has 32-bit datal, 32-bit data2. Push datal OR data2. 

aDXOR Double Exclusive Or 
Stack has 32-bit datal, 32-bit data2. Push datal XOR data2. 

aROTATE Rotate 
Stack has data, count. Rotate data by count MOD 16 bits; left if count is positive; 
right if count is negative. 

aDSHIFT Double Shift 
Stack has 32-bit data, count. Shift data by count bits; left if count is positive; right 
ifcount is negative. 

aUNT Lengthen Integer 
Stack has data. Sign extend data from 16 to 32 bits. 

aJS Jump Stack 
Stack has newpc. Unconditional jump to newpc (relative to C as all pc values are). 

aRCFS Read Code Field Stack 
Stack has offset, fieldDesc. Fetch word from C + offset + fieldDesc.high; push 
subword described by fieldDesc.low. 

bRC Read Code 
Stack has offset. Load from C + offset. 

aUDIV Unsigned Divide 
Stack has datal, data2. Push quotient and remainder from datal/data2; decrement 
the stack pointer so as to leave the remainder above the stack. 

aLUDIV Long Unsigned Divide (should be Double, not Long) 
Stack has 32-bit datal, 16- bit data2. Push quotient and remainder from 
data1/data2; decrement the stack pointer so as to leave the remainder above the 
stack. Trap if the quotient will not fit in 16 bits. 

bROB Read Overhead Byte 
Stack has pointer. Load from pointer-beta. All access to local and global frame 
overhead is done through this instruction (and a WOB) so that the processor could 
cache this data. 

bWOB Write Overhead Byte 
Stack has data, pointer. Store data at pointer-beta. All access to local and global 
frame overhead is done through this instruction (and aROB) so that the processor 
could cache this data. 

bDSK Dump Stack J. 

Dump the evaluation stack and stack pointer starting at L+beta. No more than 
two values above the top of stack need be stored. 

bXE Xfer and Enable 
XFER using destination stored at L+beta and L+beta+l and source stored at 
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L+beta+2 and L+beta+3; at the end of the XFER, decrement the 
WakeupDisableCounter. 

bXF Xfer and Free 
XFER using destination stored at L+beta and L+beta+I and source stored at 
L+beta+2and L+beta+3; at the end of the XFER, free the current local frame. 

bLSK Load Stack 
Load the evaluation stack and ~taC'k pointer from locations starting at L + beta. No 
more than two values above the tOP of stack need be loaded. 

aBNDCKL Bounds Check Long 
Stack has 32-bit value, 32-bit limit. IF value -IN [O . .limit) THEN trap ELSE 
discard limit. 

aNILCK NIL Check 
Stack has pointer. IF pointer = 0 THEN trap ELSE leave pointer on stack. 

aNILCKL NIL Check Long 
Stack has 32-bit pointer. IF pointer = 0 THEN trap ELSE leave pointer on stack. 

aBL TLR Block Transfer Long Reverse 
Stack has 32-bit source Pointer , I6-bit count, 32-bit destPointer. Working 
backwards through memory, transfer count words beginning at 
sourcePointer + count-l to locations beginning at destPointer + count-I. This 
instruction is interruptable; if interrupted it leaves updated values on the stack and 
the isntruction is restarted after the interrupt with this new data. 

aBLEL Block Equal Long 
Stack has 32-bit pointerI, I6-bit count, 32-bit pointer2. Compare count words 
beginning at pointerl and pointer2; push I if all words are equal; 0 otherwise. This 
instruction is interruptable lik9 RLT. 

aBLECL Block Equal Code Long 
Stack has I6-bit offset, I6-bit count, 32-bit pointer2. Like BLEL with pointerl = 
C+offset. 

aCKSUM Checksum 
Computes the XNS protocol checksum of a block of words. Interruptable. 

aBITBLT Bit Block Transfer 
Stack has pointer to parameters record. Performs many operations on rectangular 
areas in memory. Used mostly in conjunction with bitmap display data. Known in 
some quarters as RasterOp. 

aTXTBLT Test Block Transfer 
Stack has pointer to parameters record. Specialized code for measuring and 
displaying textual data in bitmapped display memory. 

a BVTBLT Byte Block Transfer 
Stack has 32-bit destPointer, destlndex, count, 32-bit sourcepointer, sourcelndex. 
Like BLT except operates on byte sequences with potentially different alignments. 

a BVTBLTR Byte Block Transfe; Reverse 
Stack has 32-bit destPoir.ter, destlndex, count, 32-bit sourcepointer, sourcelndex. 
Like BYTBLT except operates on byte sequences from high to low addresses. 

aVERSION Version 
Returns processor dependent data about the type of processor and the version of 
microcode. 

aDMUL Double Multiply 
Stack has 32-bit datal, 32-bit data2. Push 32-bit product datal *data2; overflow is 
ignored. 

aSDIV Signed Divide 
Stack has 32-bit datal, 32'lJlt data2. Push quotient and remainder from 
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datalldata2; decrement the stack pointer so as to leave the remainder above the 
stack. 

aSDDIV Signed Double Divide 
Stack has 32-bit datal, 32-bit data2. Push quotient and remainder from 
datalldata2; decrement the stack pointer by 2 so as to leave the remainder above 
the stack. 

aUDDIV Unsignedigned Double Divide 
Stack has 32-bit datal, 32-bit data2. Push quotient and remainder from 
datalldata2; decrement the stack pointer by 2 so as to leave the remainder above 
the stack. 

-- Floating Point (IEEE standard format, 32-bit only) 

aFADD Floating Add 
aFSUB Floating Subtract 
aFMUL Floating Multiply 
aFDIV Floating Divide 
aFCOMP Floating Compare 

Returns -1,0, + 11ike DCMP. 
aFIX Fix 

Returns 32-bit integer 
aFLOAT Float 

Takes 32-bit integer. 
aFIXI Fix to Integer 

Returns 16-bit integer. 
aFIXC Fix to Cardinal 

Returns 16-bit unsigned number. 
aFSTICKY Floating Sticky Flags 

Sets floating point sticky flags, returns old value. 
aFREM Floating Remainder 

Returns the fractional part of a quotient. 
aROUND Round 

Rounds operand to 32-bit integer. 
aROUNDI Round to Integer 

Rounds to 16-bit integer. 
aROUNDC Round toCardinal 

Rounds to 16-bit unsigned number. 
aFSQRT Floating Square Root 
aFSC Floating Scale 

- Cedar collector and allocator 

aRECLAIMREF 
aALTERCOUNT 
aRESETSTKBITS 
aGCSETUP 
a144 
aENUMERA TERECLAIMABLE 
a146 
aCREATEREF 
a1SO 
aREFTYPE 
aCANONICALREFTYPE 
aALLOCQUANTIZED 
aALLOCHEAP 
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aFREEOBJECT 
aFREEQUANnZED 
aFREEPREFIXED 

-- Read I Write Registers 
aWRPSB Write Register PSB 

Set the id of the current process. 
aWRMDS Write Register MDS 

Set the current value ofMDS. 
aWRWP Write Register Wakeups Pending 

Bit mask of interrupts not yet processed. 
aWRWDC Write Register Wakeup Disable Counter 

Controls the taking of interrupts. 
aWRPTC Write Register Process Tick Counter 

The counter which controls process timeouts. 
aWRIT Write Register Interval Timer 

The high resolution (1-100 microseconds). 
aWRXTS Write Register Xfer Trap Status 

Governs the taking of a trap on evry XFER. 
aWRMP Write Register Maintenance Panel 

Four digit decimal LED display. 
aRRPSB 
aRRMDS 
aRRWP 
aRRWDC 
aRRPTC 
aRRIT 
aRRXTS 

-- Processor Dependent Instructions 

alNPUT 110 Input 
Stack has IS-bit 110 register number. Returns IS-bit data. 

aOUTPUT 1/0 Output 
Stack has IS-bit 110 register number, IS-bit data. 

aLOADRAMJ Load Control Store and Jump 
Overwrite your own control store and execute the new code. 

-- Dandelion Instructions 

aBANDBLT Band Block Transfer 
Specialized code for printers. 
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4K-word aligned, 3-10,3-11, 10-3 
4K-word boundary, 3-9 
abort 

trap, 9-20 
abort pending, 10-5, 10-11 
aborted instruction, 4-5 
above the top of the stack, 3·20, 9-10, 9-21 
access 

atomic, 3-4 
real memory, 3-6 

access flags, 3·2 
activation record, 9-1 
activation records, 1-4 
active process, 10·3, 10-30 
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additional processor state, 10-22 
address 

least significant bit, 3-2 
most significant bit, 3-1 
real, 1-7,3-1 
virtual, 1-7, 3-1 

address calculation, 4-3 
address checking, 3-5 
address fields, 4-3 
address translation, 3-2 
addressing 

relative, 4-5 
addressing modes, 4-3 
algebra 

rules of, 5-10 
Algol,1-3 
aligned 

64K-word, 3-10, 3-11,10-3 
eight-word, 10-4, 10-5 
quad-word, 3-9, 3-14 
word,8-12 
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allocation 
state vector, 10·22 
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applications programmer, 1-6 
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arguments 

textblt, 8·18 
arithmetic 

double word, 7-7, 7-15 
arithmeticinstructions, 3-19, 5·8 
arithmetic operators, 2-2, 2-5, 3-18, 5-8 

basic, 2-3 
arithmetic unit, 3-19 
array 

packed, 1-8 
array indexes, 5-4 
array types, 1-8 
arrays, 1-8 
associated address mapping, 3-2 
assignment, 2-2, 2-6 
assignment instructions, 7·1 
associative map, 3-4 
asymmetrical instruction set, 1-3 
asynchronous communication, 10-1 
atomic, 3-4,3-5,3-7,4-6,10-25,10-26 
backward jumps, 4-3 
bank, 3-1, 3-10, 9-11, A-2 
bank zero, 3-7 
basic arithmetic operators, 2·3, 5-2 
basic data types, 2-1 
basic logical operators, 2-3 
basic operators, 2-2 
beta byte, 4-2 
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of sub range, 1-7 
binary representation, 1-7,2-1 

P-l 



P-2 

Primary Index 

bit, 2-2 
flag, 3-3 
least significant, 2-1, 2-5, 7-15, 9-2 
low-order, 10-4 
most significant, 2-1, 2-5, 7-16 
reserved, 3-2 
significant, 7-19 
unimplemented, 3-3 
wakeup, 10-27 

bit block transfer, 8-8 
bit boundary, 8-8 
bit boundary block transfer instructions, 

8-7 
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bit strings, 2-3 
bit transfer utilities, 8-8 
bitblt 

destination functions, 8-10 
direction flag, 8~11 
disjoint flag, 8-11 
disjointitems flag, 8-11 
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interruptibility, 8-13 
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8-12 
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source functions, 8-10 

BitBlt argument, 8-9 
bitmap, 8-9, 8-16, 8-19 
bitmap display, 8-1, 8-16 
bitmap representation, 8-7 
bits per line, 8-9 
BLOCK,2-2 

block comparison instructions, 8-4 
block transfer 

bit, 8-8 
text, 8-16 
word, 8-1 

block transfer instructions, 4-7, 8-1,10-25 
bit boundary, 8-7 
word boundary, 8-1 

block transfers, 8-1 
block-transfer instructions, 4-7 
booting, 3-7, 3-12, A-2 
borrow, 9-11 
boundary 
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bit, 8-8 
four-word, 9-4 
sixteen-word, 8-9, 8-18 
word, 4-3,7-16 

bounds checking, 9-7 
break,9-26 
break byte, 9-1, 9-23, 9-25, 9-26 
break trap, 9-20 
breakpoint, 4-5, 9-1, 9-19, 9-25 

breakpoint handler, 9·25 
breakpoint instructions, 9·25 
brick,8-12 
broadcast, 10-7, 10·12, 10-27 
broken context, 9-26 
broken instruction, 9·25, 9-26 
buffered device, 4-7 
built-in operation, 2-6 
built-in routine, 1-8 
byte, 2-2 

most significant, 7-15 
operand, 4-2 
signed,2-6 

byte block transfer instructions, 8·6 
byte displacement, 6-7 
cache, 3-10, 3-15,3-20 
call 

external, 9-11 
local,9-1O 
nested, 9-13 
nested procedure, 9-1, 9-8 
port, 9-14 
procedure,3-13,4~5,9-1,9-8,9-14 

subroutine, 9-1 
cardinal, 2-4 
carry, 7-7, 7-15 
case statement, 6-2 
catch phrase, 4-8, 6-3 
character 

font representation, 8-19 
pad, 8-16, 8-16,8-19 
stop, 8-16,8-19 

checkinstructioris,5-4 
Checksum instruction, 8-4 
cleanup link, 10·5, 10-11, 10-14, 10-16 
code, 1-5, 1·6 

read only, 3-9 
relocatable, 1-4,3-9 

code base, 3-9,4-4,8-4,9-11 
code segment, 1-4,3-9,3-9,3-13,3-17, 

4-2,4-3,6-2,6-7,7-19,8-3,9-11, 
10-19 
current, 9-10 

code stream, 5-2 
code trap, 9-19 
communication 

asynchronous, 10-1 
comparison, 2-2 
comparison instructions, 5-12 
comparison operators, 2-3 
compiler, 1-6, 1-8 

Mesa, 1-7 
concurrent activity, 1-4 
condition queue, 10-2, 10-6, 10-10, 

10-11,10-12,10-16,10-28 ' 
unknown, 10-30 
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condition variable, 4-7, 10-2, 10·6, 
10-10,10-11, 10-12, 10-14, 10-16, 10-18, 
10-26 

broadcast of, 10·12 
notify of, 10·12 
reserved,10·24 
waiting on, 10-2 

condition variable instructions, 10·12 
conditional jump instructions, 3-19 
conditional jumps, 6-2 
configuration, 3-7 
constant memory locations, A-2 
constants, A·1 

miscellaneous, A·1 
valuesof,A·l 

context, 3·17,3-17,4-5,9-3,9-19,10-1, 
10-5,10-18 

broken, 9-26 
current, 3-17, 3-24,4-5,4-7,9-14 
destruction, 9-10 
enclosing, 9-13 
restart of, 4-5 
state of, 4-5 
trapped, 9-21,9-22,9-24,9-25,10-12 

context switch, 3-17 
control flow, 1-8 
control link, 3-10, 3-14, 9-1, 9-12, 9-18, 

9-19,A-1 
frame, 9-2 
indirect, 9·3, 9-13, A-3 
procedure descriptor, 9-3 
uninitialized, 9-9 

control links, 3-12 
control register, 3-16,10-1 
control transfer, 1-4,3-14,3-17,3-18,9·1, 

9-21,9-26, 10-23 
coroutine, 9·14 
disciplines, 3-12 
trap, 3-21, 9·19. 9-26, 

control transfer instructions, 3-17, 9-7, 
9·10 

control transfer primitive, 9·7 
control transfers, 3-12 
controller, 3-7, 4-7,10-25 
controller identification, 3-7 
conventions,l·6 
conversion, 1-8,2·6 

pointer, 2·7 
short/long, 2·7 
signed/unsigned,2·6 

cooperating processes, 1·5 
coroutine, 9-1 
coroutine instructions, 9·14 
coroutine transfer, 9-1, 9-8, 9·14 
correct programs, 9-21 
counter, 9-20 

process timeout, 3-21 
wakeup disable, 3-21 

CRT display, 8-16 
current code segment, 9-10 
current context, 3-17,4-5,4-7,9-14 
currentframe,9-10 
current global frame, 9-10 
current instruction, 4-5, 4-6, 4-7, 9-23, 

10-25 
current instruction byte, 4-2 
current local frame, 9-10 
current process, 4-5, 4-7,10-2,10-3, 

10-18, 10-19 
data 

global,3-17 
local, 3-17 

data register, 3·20 
data representation, 1-4 
data structures 

main data space, 3-12 
process, 3-9, 10·2 
virtual memory, 3-7 

data types 
basic, 2-1 

debugging, 4-7,9-21,9-22,9-25,9-26, 
10-20 

dedicated real memory, 4-7 
dereference, 3-6,7-1,9-2 
dereferencingoperator, 3-4, 3-6 
Design Note, 1·5 
destination functions 

bitblt,8-10 
destination link, 9-10 

original, 9-13 
device, 3-7, 4-7,10-25 

buffered, 4-7 
device identification, 3-7 
diagnostic information, 3-7 
direct pointer instructions, 7-8 
direction flag 

bitblt, 8-11 
dirty flag, 3-3 
disable interrupts, 9-10,10-27 
disjoint items flag 

bitblt, 8-11 
displacement 

byte, 6-7 
signed,6-2 
jump,6-2 

display origin, 8-16 
divide by zero, 9-20 
division, 2-3, 2-4 
double word, 2-2, 2-5, 3-19, 4-6,5-8 
double-word types, 2-4 
double-precision, 3-20 
double-word arithmetic, 7-7, 7-15 
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double-word store, 3-7 
efficiency, 4-6 
eight-word aligned, 10-4,10-5 
empty queue, 10-7 
empty stack, 3-19, 10-20 
enable interrupts, 9-24, 10-28 

. enclosing context, 9-13 
enclosing procedure, 9-13 
enter, 10-7 
entry 

monitor, 10-7 
entry vector, 9-7,10-19 
Enumerated Types, 1-7 
environment containing no processes, 10-1 
equality, 2-2 
equality jump instructions, 6·3 
error status, 3-7 
errors, 1-8 
ESC Trap Table, 3-12 
ESC Trap table, A-2 
escape opcode, 4·2 
evaluation stack, 2·5, 3·16, 3-18, 4-5, 5-2, 

9-1 
event-driven scheduling, 1-4 
exception, 1-8,4·5,4-5,9-6, 10-2 
exception handler, 4-5 
execution 

instruction, 4·4, 10-29 
exit, 10-7 

monitor, 10-9 
extended opcode, 4-2 
external call, 9·11 
external call instructions, 9-12, 9-13 
external event, 10-25 
external function call, 9-11 
external function call instructions, 9-12, 

9-13 
external links, 9-12 
fatal software error, 9-21 
fatal trap, 4-7 
fault, 1-9,4-1,4·5,4-5,4-6,7-1,9-6, 

9-7,9-10,9-22,9-25,9-26,10-6, 
10-17,10-18,10-20,10-23,10-27 

page, 3·3 
write protect, 3-3 

fault handler, 4-5,10-2,10-18,10·23, 
10-23,10-24 

fault parameter, 10-20, 10-21,10-23, 
10-24, A-I 

fault queue, 10-2, 10-3, 10-23, 10-27 
fault queue indexes, A·2 
fault recovery, 4-6 
fault routine, 4-5, 9-26, 10-24 
fault vector, 10-26, A-2 
faulted instruction, 10-24 

faulted process, 9-26, 10-2, 10·23, 
10-23 

field,7-16 
multiword, 1-4 
partial word, 1-4 

field descriptor, 7-16 
field extraction, 7-17 
field insertion, 7-17 
field instructions, 7-16 

put swapped, 7·21 
read,7·18 
write, 7·19 

field specifier, 7-16 
first four local variables, 3·14 
fixed addresses, 3-12 
fixed frame trap handler, 9-22,9-25 
flXed point number, 2-3 
flag bit, 3-3 
flag word, 10·5, 10-5 
flags 

access, 3·2 
Edit, 15-2 
editable, 15-2 
empty, 15-2 
Exec Ops menu, 15-1 
Load,15-2 
menu, 15-2 
non-editable, 15-2 
Reset, 15-2 
Save, 15-2 
Store, 15-2 
Time, 15-3 
User.cm, 15-3 

floating point instructions, 3-21, 5·12 
floating point representation, 2-3 
font, 8·16, 8-16 
font format, 8-18, 8-22 
four-word boundary, 9-4 
frame, 3-17 

current, 9-10 
current global, 9-10 
current local, 9-10 
global, 3-13, 3-17 
local, 3-13, 3-17 
maximum size, 3-13 

frame allocation, 3-12, 9-1, 9-4, 10-22 
frame allocation fault, 4-5, 9-19, 10-2, 

10-23 
frame allocation instructions, 9-7 
frame allocation primitive, 9-6 
frame allocation vector, 9-4 
frame control link, 9-2 
Frame Heap, 9·4 
frame heap, 3-12, 9-10 
frame instructions, 7·2 

global,7-6 
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local, 7·3, 7-4 
frame link, 9·1, 9-8 
frame pointer, 3-16,10-5 
frame size index, 3-14, 9·4, 9-7, 10-24 
frame sizes, 9-7 
frame variables, 9-2 
frames, 1-4,3-12 
frequently addressed variables, 7-2 
function call 

external, 9-11 
local,9·10 
nested, 9-13 

fundamental operators, 2-2 
general-purpose registers, 1-4 
global data, 3-17 
global frame, 3-10,3-13,3-17,4-3,7-6,7-7, 

9-2 
current, 9-10 

global frame instructions, 7-6 
global frame register, 3-24 
global frame variables, 7-6 
global variables, 3-13 
global zero, 3-14, 3-17 
gray brick, 8-10, 8·12 
gray flag 

bitblt, 8-12 
gray pattern, 8-12 
handle 

local frame, 3-15 
handler 

fault, 10-24 
trap, 4-5, 9·23 

hardware designer, 1-6 
hardware error, 9-21 
hashed address mapping, 3-2 
hashed map, 3-4 
heap, 9-7 
high-level language, 1-3 
high-level language support, 1-6 
high-order word, 9-11 
highest priority runnable process, 

10-18 
idempotent operation, 4-6, 10-17 
IEEE standard floating-point 

instructions, 3-21 
immediate instructions, 7·1 
Implementation Note, 1·6 
implicity pointer dereferencing, 3-6 
inactive process, 10-3 
index 

frame size, 3-14 
indexed jump instructions, 6·7 
indexed jumps, 6-2 
indexes 

fault queue, A·2 
system data table, A·3 

indexing 
string, 7-14 

indirect control link, 9-3, A-3 
indirect instructions, 3-19 
indirect link, 9-1, 9-13 
indirect pointer instruction, 7-12 
inequality, 2-2 
infmite recursion, 9-26 
initial program bootstrap, 3-7 
initial state, 4·7 
initialization, 4-7 
initialization process, 3-7 
input/output, 3-2, 3-7,10-1 
input/output system, 1-2 
instruction, 10-19 

aborted, 4-5 
broken, 9·25, 9-26 
current, 4-5, 4-6, 4-7, 9-23,10-25 
faulted, 10-24 
maximum size, 4-2 
partially completed, 9-23 
variable length, 4-2 
wait, 10-29 

instruction buffer, 4-3 
instruction byte 

current, 4-2 
instruction descriptions, 1·9 
instruction execution, 4-4,10-18,10-29 
instruction fetch, 4-2 
instruction format, 4-2, 4-3 
instruction interpreter, 1-8,4-1, 10-25 

. instruction length, 4-2 
instruction operand, 4-7 
instruction set, 4-2 

asymmetrical, 1-4 
instruction stream, 4-2 
instructions 

arithmetic, 3-19, 5-8 
assignment, 7-1 
bit boundary block transfer, 8-7 
block transfer, 4-7, 8-1,10-25 
breakpoint, 9·25 
check,5·4 
comparison, 5-12 
condition variable, 10-12 
conditional jump, 3-19 
control transfer, 3-17, 9-7 
coroutine, 9-14 
direct pointer, 7·8 
equality jump, 6-3 
external call, 9-12, 9-13 
external function call, 9-12, 9-13 
field,7·16 
floating point, 3-21, 5-12 
frame, 7·2 
frame allocation, 9·7 
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global frame, 7-6 
immediate, 7-1 
indexedjunnp,~7 
indirect, 3-19 
indirectJK)inter,7-12 
interrupt, 10-28 
interruptible, 4-4, 10-25 
jump, 3-18, 4-5, ~2 
load, 3-19 
load global, 7-6 
load local, 7-3 
local call, 9-13 
local frame, 7-3, 7-4 
local function call, 9-13 
logical, 5-6 
map, 3-3, 3-5,9-10 
memory map, 3-5 
monitor entry, 10·7 
monitor exit, 10-9 
monitor reentry, 10·11 
monitor wait, 10-10 
pointer, 7-7 
process, 10-2, 10-7, 10-20 
put local, 7-5 
put swapped direct, 7-10 
put swapped field, 7-21 
read direct, 7-8 
read field, 7-18 
read indirect, 7-12 
read string, 7-15 
register, 3-16, 3·21 
return"9-10, 9-13 
signed jump, 6-6 ' 
stack, 5-2 
state, 9-23 
store, 3-19 
store global, 7-7 
store local, 7-4 
string, 7-14 
three-byte, 4-2 
unary,5-S 
unconditional jump, 6·2 
unimplemented, 9-25 
unsignedjunnp, ~6 
word boundary block transfer, 8-1 
write direct, 7-9 
write field, 7-19 
write indirect, 7-12 
write string, 7-16 

INTEGER, 2-4 
integer 

long, 8-22 
intermediate state, 4-4 
interpreter, 1-8,4-1 
interrrupt levels, 10-24 

interrupt, 4-5, 4-7, 8-4, 8-5, 8-13, 8-19 
10-6,10-18, 10-19,10-20, 10-24 

interrupt checks, 10-26 
interrupt error, 9-21 
interrupt handler, 4-7 
interrupt instructions, 10-28 
interrupt latency, 8-1 
interrupt level, 3-21, 10-3, 10-26, A-I 

reserved, 10-25 
interrupt process, 10-25, 10-26 
interrupt processing, 3-21, 10-26 
interruptvector,10-26,10-27 
interruptibility 

bitblt, 8-13 
textblt, 8-19 

interruptible instructions, 4-4, 10-25 
interrupts, 3-21,4-7,8-1, 10-18 

check for, 10-25 
disable, 10-27 
enable, 10-28 
initialization turns off, 4-8 

interval tinner, 3·21, 10-28, 10-29 
invariant, 10-19 
itenns,8-9 
jump,~2 

backward,4-3 
jump displacennent, 6-2 
jump instructions, 3-18, 4-5, 6-2 

equality, 6-3 
indexed, 6-7 ' 
signed,6.-6 
unconditional, 6-2 
unsigned~'6-6 

jumps, 1-8 
justification, 8-16, 8-19 
kernel procedures, 9-12 
kerning, 8-19 

left, 8-18, 8-22 
right, 8-18 

language 
high level, 1-3 
programnning,1-6 

last in IlI'St out, 3-18 
least significant bit, 2-1, 2-5, 3-1, 7-15, 

9-2 
least significant word, 3-10, 3-i9, 5-10 
lengthening 

of an operand, 2-6 
lexically enclosing procedure, 9-13 
link word, 10-4 
linked list, 9-4, 10-22 
links 

external,9-12 
load global instructions, 7-6 
load instructions, 3-19 
load link instruction, 9-18 
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load local instructions, 7-3 
local call, 9-10 

local call instructions, 9-13 
local data, 3-17 
local frame, 3-10, 3-17,4-3,7-3,7-5,9-2 

current, 9-10 
. local frame handle, 3-15 
local frame instructions, 7-3 
local frame pointer, 4-7, 10-20 
local frame register, 3-24 
local frames, 3-13 
local function call, 9-10 
local function call instructions, 9-13 
local variable, 7-3, 9-5 
local variables, 3-13, 3-15 

flrstfour,3-14 
start of, 3-15 

local zero, 3-14, 3-17, 9-13, 9-21, 9-24 
locality of reference, 3-12 
locations 

reserved, 4-7 
reserved main data space, 3-12 
reserved virtual memory, 3-7 

locked monitor, 10-2 
logical instructions, 5-6 
logical operations 

primitive, 2-3 
logicaloperator,2-5,3-18,5-6 
logical operators, 1-8 
long integer, 8-22 
long operations, 2-5 
long pointer, 3-1, 3-2, 7-7 
long pointer types, 2-4 
LONG type, 4-6 
long types, 2-4 
lost notify, 10-26, 10-28 
lost wakeup, 10-26 
low-order bit, 10-4 
low-order word, 9-11,10-4 
Main Data Space, 3-7, 3-10,3-11,3-12, 

3-16,3-24,4-5,9-1,9-4,9-11,9-19, 
9-22,10-1, 10-3, 10-5, A-2 

Main Data Space Access, 3-11 
Main Data Space Data Structures, 

3-12 
main data spaces, 3-1 
main loop, 4-1,4-7,10-18, 10-29 
maintenance panel, 3-21 
map 

associative, 3-4 
hashed,3-4 

map entry, 4-7 
map flags, 10-4 
map instructions, 3-2, 3-3, 3-5, 9-10 
mapping, 3-2, 4-3 

virtual memory, 3-2 

mapping code segments, 9-9 
mapping mechanism, 3-2 

mapping operations, 3-2, 3-5 
maximum size instruction, 4-2 
maximum tick size, A-2 
MDS, 3-10,9-1 
MDS register, 3-10, 3-16 
memories 

processor, 3-16 
memory accesses, 3-2 
memory address, 2-5 
memory locations 

constant, A-2 
memory map instructions, 3-5 
memory organization, 3-1 
memory size, 3-1 
Mesa, 1-3, 1-6, 3-3, 3-6 
Mesa compiler, 1-7 
Mesa processor, 2-1 
Mesa program, 3-12 
Mesa program module, 3-9 
Mesa style, 1-6 
micas, 8-16 
microcoder,1-6 
minimal stack, 3-19,10-7 
minimum size of a state vector, 10-24, 

A-I 
minimum tick size, A-2 
miscellaneous constants, A-I 
mnemonic, 1-9 
MOD, 2-3 
modular programming, 1-4 
monitor, 4-6,10-18 .. 
monitor entry, 10-7, 10-22 
monitor entry instructions, 10-7 
monitor entry procedure, 10-7,10-9 
monitor exit, 10-9 
monitor exit instruction, 10-9 
monitor instructions 

entry,10-7 
exit, 10-9 
reentry, 10-11 
wait,10-tO 

monitor lock, 10-2,10-6,10-7,10-11, 
10-17 

monitor queue, 10-2,10:6,10-7,10-9, 
10-11 

monitor wait, 10-9 
most significant bit, 2-1,2-5,7-16 
most significant byte, 7-15 
most significant word, 7-7, 7-15 
multiple processes, 9-18, 10-1 
multiple processors, 1-5 
mUltiple traps, 9-23 
multiplication, 2-3, 2-4 
multiword field, 1-4 
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multiword structures, 4-6, 8-1 
mutual exclusion, 10-1 

negation, 2-2, 2-3 
nested call, 9·13 
nested function call, 9·13 
nested procedure, 9-3, 9-13, 9-21 

. nested procedure call, 9-1, 9-8 
nested procedure variable, 9·13 
nested trap, 9-19 
nibble, 2-2 
NIL, 3-11, 5-2 
non-preemptive scheduling, 9-1 
Not operation, 2-3 
notation 

true binary, 2-4 
two's-complement,2-4 

Note, 1-5 
Design, 1-5 
Implementation, 1-6 
Programming, 1-6 

notify, 10-2, 10-7, 10-11, 10-12, 10-26, 
10-27,10-28 

null process, 10-3 
number 

fixed point, 2-3 
. e~d, 2-3 

n~;.aeric types, 2-3 
Odd operation, 2-3 
Office Information Systems, 1-2 
offset, 4-3 

word,3-10 
opcode, 4-2, 4-3 

escape, 4-2 . 
extended, 4-2 
unimplemented,4-4,9-20 

opcode assignments, A·3 
operand, 4-2 
operand byte, 4-3 
operand locations, 1-4 
operating system, 1-6 
operation 

idempotent, 4-6, 10-17 
mapping, 3-2 
signed,5-5 
unsigned, 5-5 

operator 
arithmetic, 2-2,2-3,3-18,5-8 
basic, 2-2, 2-2 
builtin, 2-6 
comparison, 2-3, 5-12 
fundamental, 2-2 
logical, 1-8,2-3,2-6,3-18,5-6 
unarY,5-5 

Or operation, 2-3 
original destination link, 9-13 
out of range , 9-19 

out-of-bounds virtual address, 3-5 
overflow, 2-3, 4-3, 5-5, 5-9, 5-11, 6-2, 

9-20 
overhead words, 3-13, 3-17, 9-2, 9-7, 

9-9,9-11,9-23 
overlapping source and destination 

bitblt, 8-12 
packed array, 1-8 
pad character, 8-16, 8-16,8-19 
page, 3-1 
page boundary, 3-1, 3-2 
page fault, 3-3, 3-4, 3-6, 3-7, 3-14, 4-3, 

4-5,4-6,9-11,9-19,9-23,10-2, 
10-21, 10-23 

page number 
real,3-2 
virtual,3-2 

page one, A-2 
page size, 3-1, 3-2 
page three, A-2 
page two, A-2 
page zero, 3-7, 3-12 
parameter passing, 1-4,3-18,9-1 
partial field, 1-4 
partially completed instruction, 9-23 
Pascal,1-3 
PDA,3-9 
pending, 9-14 
pending abort, 10-12 
pending interrupt, 4-1 
pending walteup, 10-25, 10-26, 10-27 
performance improvement, 8-18 
·performance measurement, 3-21, 9-26 
performance monitoring, 9-22 
pipe lining, 3-19 
pointer, 4-3, 5-4 

frame,3-16,10-5 
local frame, 4-7,10-20 
long, 3-1, 7-7 
relative, 10-4 
short, 3-1, 3-10, 3-11, 3-13, 7-7 
zero,9-20 

pointer checking, 5-2 
pointer conversion, 2-7 
pointer dereferencing 

implicit, 3-6 . 
pointer instructions, 7-7 

direct, 7-8 
indirect, 7-12 
put swapped direct, 7-10 
read direct, 7-8 
read indirect, 7-12 
write direct, 7-9 
write indirect, 7-12 

pointer type, 2-5 
pointer types, 1-7 
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Pointers, 1-7 
pop, 3-18 
port, 9-1,9-3,9-14,9-18,9-21 

responding, 9-14 
sending, 9-14 

port call, 9-14 
. pre-empted process, 3-9, 10-3 
pre-emption, 9-18, 10-1,10-18,10-20,10-22 
pre-emptive multiprogramming, 10-23 
primitive 

control transfer, 9-7 
frame allocation, 9-6 
queue handling, 10-13 

PrincOps, 1-2, 3-17 
printing width, 8-16 
priority, 4-7, 10-1, 10-5, 10-9, 10-13, 10-14, 

10-15,10-18, 10-20, 10-22,10-26 
procedure, 1-6,3-9,3-12,3-13,3-14 

enclosing, 9-13 
lexically enclosing, 9-13 
monitor entry, 10-7,10-9 
nested, 9-3, 9-13 
queuing, 10-14 

procedure calls, 1-8,3-13,4-5,9-1,9-8, 
9-14 

procedure descriptor, 9-2, 9-3, 9-8, 
9-10,9-13 

procedure invocations, 3-12 
procedure variable 

nested, 9-13 
procedures 

kernel,9-12 
proceed 

from a break point, 9-26 
process, 4-5, 4-6,10-1,10-7 

active, 10-3, 10-30 
cooperating, 1-5 
current,4-5,4-7,10-2,10-3,10-18 

10-19 
faulted, 9-26, 10-2, 10-23 
inactive, 10-3 
interrupt, 10-25,10-26 
null,10-3 
preempted, 10-3 
ready, 10-20 
runnable, 10-2 
running, 10-20 
state of, 10-4, 10-20 
suspended, 10-2, 10-6,10-7,10-9 
time out, 3-21 
trapped, 9-26 
waiting, 10-2, 10-14, 10-28 

Process Data Area, 3-4, 3-9,3-16,10-2, 
10-3, 10-4, 10-22,10-24, A-2 

process data structures, 3-9, 10-2 
process instruction, 10-20 

process instructions, 10-2, 10-7 
process mechanism, 1-4 
process queue, 10-6, 10-14 

structure, 10-14 
process state, 10-20 

loading, 10-20 
saving, 10-20 

Process State Block, 3-16, 3-17, 3-24, 
9-1, 10-1, 10-4, 10-6 

process structures, 10-2 
process switch, 3-16, 4-5, 4-7,9-1,9-7, 

9-8,9-23,10-1,10-2,10-18,10-23 
process timeout counter, 3-21, 10-11, 

10-29, 10-29 
process trap, 10-12 
process trap handler, 10-12 
processor, 1-5, 1-5 
processor dependent, 9-23, A-I 
processorid, 3-21 
processor identification number, 3-21 
processor memories, 3-16 
processor registers, 4-7, 10-2, 10-3 

10-18 
processor state, 4-5, 4-6, 9-21 

additional, 10-22 
processor-dependent, 3-21, 8-13 
processor-dependent flags, 3-3 
program, 1-6 

correct, 9-21 
program counter, 3-10, 3-17,4-2,4-5, 

4-6,4-1,9-25 
saving, 9-12, 9-23 

program module, 3-13 
program representation, 1-3 
programmer, 1-6 

applications, 1-6 
programming language, 1-6 
Programming Note, 1-6 
protected flag, 3-3 
protection, 1-5 
PSB,9-1 
pulse, 3-21 
push,3-18 
put local instructions, 7-5 
put swapped direct instructions, 7-10 
put swapped field instructions, 7-21 
quad-word aligned, 3-9,3-14 
queue, 10-1, 10-6 

condition, 10-2,10-6, 10-10, 10-12, 
10-16 

empty, 10-7 
fault, 10-2, 10-3, 10-24, 10-27 
monitor, 10-2, 10-6, 10-7, 10-9 
process, 10-6,10-14 
ready, 10-2, 10-3, 10-13, 10-18, 

10-26, 10-30 
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source, 10-30 
queue header, 10-6,10-6, 10-14 
queue link, 10-5 
queue management,10-14 
queue-handling primitive, 10-13 
queueing procedure, 10-14 
range checking, 5-2, 8-22 
raster, 8-18 
re-enter, 10-7 
read direct instructions, 7-8 
read field instructions, 7-18 
read indirect instructions, 7-12 
read link instruction, 9-18 
read string instructions, 7-15 
read-only code, 1-4,3-9 
ready list, 10-11 
ready process, 10-20 
ready queue, 10-2,10-3,10-13,10-18, 

0-19,10-20,10-26,10-30 
real address, 1-7,3-1,3-2,3-4 
real memory, 3-2, 4-3 

access, 3-6 
dedicated, 4-7 

real memory size, 3-1 
real number, 2-3 
realpage,3-2,3-4,4-7 
real page number, 3-2 
reals, 2-4 
records, 1-8 
Recover instruction, 3-20 
rectangles, 8-9,8-10 
recursion, 9-19 
reentrant, 9-22 
reentry 

monitor,10·n 
region of storage, 2-2 
register 

control,3-16 
data, 3-20 
main data space, 3-10 
processor, 10-2,10-3 
status, 3·20 
wakeup mask, 3-21, A-I 
wakeup pending, 3-21 

register instructions, 3-16, 3-21,10-1 
registers, 3-16 

general purpose, 1-4 
special purpose, 1·4 

relative addressing, 4-5 
relative pointer, 10-4 
relocatable code, 1-4, 3·9 
remainder,2-3,2-4 
repetition rate, 8·12, 8-12 
repetitive pattern, 8-12 
representation 

binary, 1·7, 2-1 

data, 1·4 
floating point, 2-3 
program, 1-3 
two 'S'complement, 1-7 
type, 1-7 

request for service, 4-7 
reschedule error, 9-21 
reserved bit, 3-2 
reserved condition variables, 10·24 
reserved interrupt levels, 10-25 
reserved locations, 4-7 

main data space, 3·12 
virtual memory, 3·7 

resident, 1-9, 10-3,10-4,10-6 
resident data structures, 3-4 
resident structure, 3-4 
responding port, 9-14 
restart, 10-25 
restart rule, 4·5, 4-6, 4-7, 9-19,10-18 

exceptions, 4-7, 9·21 
results, 3-18 

undefined, 1-6, 1-9 
return, 9-1,9-2,9-8,9-13 
return instructions, 9·10, 9-13 
return link, 9-8, 9-10, 9-16, 9-22 
Rotate operation, 2-3 
routine, 1·6, 1-9 

built-in, 1-8 
fault, 9-26 
trap, 4-5, 9-19,9-26 

routines, 1~8, 2-1 
bitblt, 8·13 
fault, 10·24 
runtime support, 9-12 
textblt, 8·20 
trap, 9·19, 9·21 

rules of algebra, 5-10 
runnableprocess, 10·2, 10·18, 10-19 

highest priority, 10-18 
runningfiag,4-8 
running process, 10-20 
runtime checks, 5-4 
runtime support routines, 9-12 
scan, 10-29 
scheduler, 9-20,10-2,10-9,10-10, 

Hi-13, 10·18, 10-18,10-20,10-22, 
10-24 

scheduling, 1-4, 10·18 
non-preemptive, 9-1 

scrolling, 8-11 
sending port, 9-14 
shared resources, 10-1 
shift, 2-2 
shift count, 5-6 
Shift operation, 2-3 
shifting operations, 2-5 
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short integer multiply, 8-16 
short pointer, 3-1, 3-2, 3-10, 3-11, 3-13, 

-7-7 
short pointer types, 2-4 
short/long conversion, 2-7 
shortening 
. of an operand, 2-6 
sign extend, 2-6 
signal,4-1 
signals, 1-8 
signed, 2-2, 2-3 
signed byte, 2-6 
signed displacements, 6-2 
signed jump instructions, 6-6 
signed number, 5-8 
signed operation, 5-5 
signed-unsigned conversion, 2-6 
significant bits, 7-19 
single word, 2-5 
single-precision, 3-20 
sixteen-word boundary, 8-9, 8-18 
source functions 

bitblt, 8-10 
source link, 9-10 
source queue, 10-30 
stack, 1-6,3-18,3-20,4-3,4-5,4-7, 

5-2,8-1,8-19,9-1,9-21,9-23,10-1,10-5, 
10-7,10-18, 10-20 
above the top of, 3-20, 9-10,9-21 
empty, 10-20 
minimal, 3-19 
saving, 3-20 
size, A·1 
underflow, 5-2 

stack error, 3-18,7-1,9-21 
stack instructions, 5·2 
stack machine, 1-4 
stack pointer, 1-6, 1-7,3·18,4-3,4-5, 

4-6,4-7,5-2,9-1,9-21,10-21, A-I 
stack primitives, 5-2 
state 

initial,4.7 
of a context, 4-5 
of a process, 10-4 
process, 10-20 

State Allocation Table, 10-3, 10-22 
state instructions, 9-23 
State Vector, 3-4, 3-16,3-17,10-7 
state vector, 9-23, 10-1, 10-2, 10-3, 

10-5,10-18,10-19,10-20,10-21,10-23, 
10-24,10-5,10-7,10-18,10-20 
minimum size of, 10-24, A·1 

state vector allocation, 10·22 
static link, 9-13, 9-13 
status register, 3-20 
stop character, 8-16, 8-19 

store 
double-word, 3-7 

store global instructions, 7·7 
store instructions, 3-19 
store local instructions, 7·4 
storing the PC, 9-10 
string, 7-14 
string indexing, 7-14 
string instructions, 7-14 

read,7·15 
write, 7·16 

structure 
multiword,4-6 
resident, 3-4 

subrange types, 1-7 
subranges, 1-7 
subroutine call, 9-1 
subtraction, 2-2, 2-3, 2-5 
supervisor mode, 1-5 
suspended process, 10-2, 10-6,10-7, 

10-9 
synchronized access, 4-6 
System Data table, 3-12,4-8,9-12, 

9·19,9-22, A-2 
system data table indexes, A·3 
technical summary, 1-3 
temporary variables, 1-7, 4-6, 9-8, 9-19 
terminology, 1·5 
text block transfer, 8·16 
textblt 

arguments, 8-18 
font repre"sentation, 8·16 
interruptibility, 8·19 
routines, 8-20 

three-byte instructions, 4-2 
tick, 10-28, 10-29, A-2 
tick size 

maximum, A-2 
minimum, A-2 

time interval operand, 10-28 
timeout, 4-1,10-11,10-13,10-16, 

10-18,10-19,10-20,10-25,10-28 
wakeup mask register, 10·25, A-I 
wakeup pending register, 3-21, 10·25 
wakeup waiting, 10-11 
wakeups pending, 4-7 
word, 2-1,2-2 

high order, 9-11 
least significant, 3-10,3-19 
low order, 9-11, 10-4 
most significant, 7-7,7-15 
substructure, 2-2 

word block transfer, 8-1 
word boundary, 4-3, 7-16 

64K,3-9 

P-11 



P-12 

Primary Index 

word boundary block transfer 
instructions,8-1 

word offset, 3-10 
word-aligned,8-12 
words 

overhead,3-13 
. write direct instructions, 7-9 

write field instructions, 7-19 
write indirect instructions, 7-12 
write protect, 4-7 
write protected page, 10-24 
write string instructions, 7-16 
write-protect fault, 3-3, 3-6,4-5, 9-9, 

10-2,10-21, 10-23 
XFER, 9-7, 9-10 
XFER trap, 9-19 
xfer trap, 9·26 
xfer trap status, 3-21 
Xor operation, 2-3 
zero divisor, 5-10, 5-11 
zero extend, 2-6 
zero pointer, 9-20 
zero timeout, 10-29 
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Abort, 1-8, 3-4, 3-6, 4-1, 4-8, 9-6, 9-22, 
10-20, 10-21, 10-23 

abort, 9-20, 10-6, 10-10 
abortable, 10·6, 10-6 
Alloc, 9-4, 9-6, 9-8, 9-11 
AllocationVector, 3-12, 9·4 
AliocState, 10-20, 10-22 
alpha. 4-2, 4-3, 6-3,7-5,9-12 
And, 2-2,2-3,5-2,5-6,7-17,10-26 
ArithShift, 2-2, 2·3 
AV, 3-12, 9-4 
available, 1-8 
AVFrame,9-4 
AVltem,9-4 
AVLink,9-6 
beta, 4-2, 4-3 
BIT, 2-2 
Bit, 8-16, 8·21B 
BitAddress, 8·8, 8-21 
BitBltArg, 8-9 
BitBltFlags, 8-9 
BitBltltem,8-14 
BLOCK, 2·2 
blocks, 10-3 
BootArea, 3-7, 3-9, 4-7 
BootData, 3-7 
BoundsTrap, 5-4,9-20 
break,4-4,4-8,9-25 
BreakTrap, 9·20, 9-25 

Broadcast, 10-12 
Bump, 8-8, 8-21 
BusyWait, 10-19 
BYTE, 2-2 
BytePair,2·2 
Call, 9·12 
CARDINAL, 1-8,2-4,2-4,2-5,2-6 
CB, 3-9, 3-10, 3·17,3-24,4-3,6-7,8-3, 

8-5,9-3 
CheckForlnterrupts, 4-1,10-25,10-26 
CheckForTimeouts, 4-1, 10-29 
CheckForXferTraps, 9·26 
Checksum, 8-4 
cleanup, 10-5,10-17 
CleanupCondition, 10-10,10-14, 10-16, 

10-27 
codebase, 3-13, 3-17 
codelinks, 3-13 
CodeSegment, 3·9, 3-17 
CodeTrap, 9-8, 9-11, 9-20 
ComputeDirection, 8-15 
Condition, 10·6,10-24 
context, 10·5,10-20,10-23 
Control Li nk, 9-2 
Control Li nkType, 9-2, 9-8 
ControlTrap, 9-9, 9-14, 9-20 
coord,8-19 
count, 10-3, 10-3 
cSs,A-1 
cSV, 9-23, A·1 
cTickMax, A·2 
cTickMin, A-2 
c:WDC, 10-27, A-I 
c:WM, 10-25, A-I 
data, 9-2 
Dequeue, 10-14, 10-14, 10-16 
Direction, 8-11 
direction, 8-10,8-11,8-16 
dirty, 3-2, 3-4,3-10,9-10, 10-4 
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Disablelnterrupts,10-27 
Discard, 3-20, 5-2, 5-10, 5-11, 9-10 
disjoint, S-10, 8-11 
disjointltems, 8-10, 8-11 
Dispatch, 4-4, 9-25 
display, 8-16 
DisplayChar, 8-21 
DisplayWidth, 8-16,8-22 
DivCheckTrap, 5-11, 9-20 
DivZeroTrap, 5-10, 5-11 
dst, S-9, 10-15 
dstBpl, S-9 
DstFunc, S-10 
dstFunc, S-10 
empty, 9-4, 9-6 
EmptyState, 10-19, 10-22 
ENABLE, 10-20 
Enqueue, 10-14,10-15 
EnterFailed, 10-7,10-11 
ERROR, 1-9,7-17,8-14,8-21,10-14,10-20 
EscOpcodeTrap, 4-4,9-20 
EscTrapTable, 3-12, 9-19 
ETT,3-12 
ETT, 9-19,9-20 
Execute, 4-1, 4-4, 4-6 
Exit, 10-9 
failed, 10-5 
Fault, 10-18, 10-23 
fault, 10-3,10-23 
Faultlndex, 10-23 
FaultOne, 10-23 
FaultQueue, 10-23 
FaultTwo, 10·23, 10-24 
FaultVector, 10·23 
Fetch, 3·6, 3-6, 3-11 
FetchBitBltArg, S·15 
FetchByte,7·15,8-6 
FetchChar, 8-21 
FetchMds, 3-11 
FetchPda, 10-4 
FetchTxtBltArg, 8-21 
FieldDesc, 7-17, 7-18 
FieldSpec, 7-16, 7-18, 8-8 
Flags, S-17 
flags, 8-9 
FlagsArray, 8-17 
Font,S-16 
font, S-lS, 8-22 
FontHandle, 8-16, 8-17 
FontRecord, 8-16, S-17 
fontRecordAlignment, 8·17 
format, 8·16 
frame, 9-4, 9-6, 9-9 
FrameFault, 9-6, 10-24 
FrameLi nk, 9-2 
Free, 9-4, 9-6, 9-10 

free, 9·S, 9-10, 9-12 
FreeState, 10-21, 10·22 
fsi, 9-6, 10-24 
FSlndex, 9-4, 10-24 
Function, S-10, Se16 
function, S·lS 
GetCodeByte, 3-18,4.2,5-5 
GetCodeWord,4·3 
GetMapFlags, 3-5 
GF, 3·17,3-24,4-3,9-3 
GlobalBase, 3·14, 3-17 
Global FrameBase, 3-13 
GlobalFrameHandle, 3-13, 3-17, 9-20 
globallink, 3-14,3-17 
GlobaIOverhead,3-14 
GlobalVariables, 3-13 
GlobaIWord,3-13 
graY,S-10 
GrayParm, S-12 
Handle, 10·4 
HardwareError, 9-21 
header, 10-2 
height, 8-9, 8-16 
heightMinusOne, 8-12 
HighByte, 2-2,2-6 
HighHalf, 2-5,10-4,10-23 
Index, 10·4,10-13 
indirect, 9-4, 9-6 
IndirectLink,9-3 
Initialize, 4-7, 4·8 
inport, 9-14. 
INTEGER, 1-7,1-8,2-4,2-4,2-5,2-6,8-14 
Interrupt, 10-18, 10·26 
interrupt, 10-3 
I nterruptError, 9-20 
I nterru ptltem , 10-24 
InterruptLevel, 10·24,10-26 
InterruptPending, 8-1, 8-14, 10-25, 

10-26 
InterruptsEnabled, 10-19, 10-25, 10-27, 

10-29 
InterruptVector, 10-24 
10Area, 3-7,4-7 
IOData,3-7 
IT, 3-21, 3-24 
last, 8-18 
leftKern,8-1S 
LengthenPdaPtr, 10-3, 10-22 
LengthenPointer, 3-11 
LF, 3-17, 3-24, 4-3, 4-7, 9-3, 9-8,10-19 
LinkType, 9-2 
LoadProcess, 1-9, 10-20, 10-21 
LoadStack, 9·24, 10-20, 10-21 
Local Base, 3-15, 3-17 
Local FrameBase, 3-15 
Local FrameHandle, 3-14,3-17 
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LocaIOverhead,3-15 
LocalVariables, 3-14 
LocaIWord,3-15 
locked, 10·6 
Log, 2-1 
LONG, 1-8, 2-7, 3-2, 7-8, 7-12, 7-18, 8-13 
Long, 2·5 
LONG CARDINAL, 2-6 
LONG INTEGER, 2-6, 8-15 
LONG POINTER, 1-7, 2-5, 3-2, 3-3, 3-6 
LONG REAL, 2-4 
LongAnd, 5-2, 5-7 
LongArithShift,2-5 
LongNot, 5-2 
LongOr, 5-2, 5-7 
LongShift, 2-5, 5-2, 5-8, 10-21 
LongXor, 5-2, 5-8 
LOOPHOLE, 2-7 
LovvByte,2-2,2-6 
LovvHalf, 2·5,2-6,10-4,10-23 
MACHINE DEPENDENT, 1-7 
MainDataSpace, 3-10 
MakeFrameLi nk, 9-2 
MakelndirectLink,9-3 
MakeProcDesc, 9-3 
Map,3-4 
MapFlags, 3-2 
margin, 8-18,8-19 
MaskTable, 7-17 
mAV, 9-4, A·2 
maxLeftKern, 8·18 
maxRightKern, 8-18 
MOS, 3-10, 3-13, 3-16,3-22,3-24,4-5,4-8, 

9-1,9-22,10-1,10-21 
mds, 10·5,10-21 
MdsHandle, 3·10, 3-16 
mETT, A·2 
MinimaIStack,3·20 
MOD,2-3 
Monitor, 10·6 
MP, 3-21, 3-24 
mPDA, 10-2, A-2 
mSD, 9-19, A·2 
Multiply, 3-20 
next, 10-5 
NIBBLE,2·2 
NibblePair, 2-2 
nLF, 9-8 
normal, 8·19 
Not, 2-2,2-2,5-1,5-8,7-17 
Notify, 10-12 
NotifyWakeup, 10-13, 10-23, 10-26 
nPC, 9-8 
Odd,2-3 
offset, 8-18 
OffsetPda, 10-4, 10-20, 10-22 

opcode, 9-20 
OpcodeTrap, 4-4, 9-20 
Or, 2-2,2-3, 5-2, 5-7, 7-17 
outport, 9-14 
pad, 8-16, 8-17 
Page, 3-1 
PageFault, 3-4, 10-24 
PageNumber, 3-1 
PageSize, 3-11 
PageZero, 3-7 
pair, 6-3,7-12 
pc, 3-10, 3-1S, 4-2,4-6,6-2,6-3,8-1,9-3, 

9-8,9-10,9-21,10-19, 10-20,10-23 
pc, 9-3 
pc, 3-14, 3-17 
PDA, 3-9, 10-2 
permanent, 10-5 
PIO, 3-21, 3-24 
POINTER, 1-7, 2-4, 2-5 
Poi nterTra p, 5-4, 9-20 
Pop, 3-5, 3-18, 5-2 
PopLong, 3-5,3·19 
PopState, 8-13 
Port, 9-14 
PortLink,9·14 
preempted,10-5 
preemption, 4-1,10-18 
Pri nterWidth, 8·17 
Pri nterWidths, 8-17 
pri nterWidths, 8-16 
Priority, 10-5, 10-22 
priority, 10:5, 10-19, 10-20 
ProcDesc, 9-3 
procedure, 9·2, 9-8 
ProcessDataArea, 10-2 
Processor, 4-1,4-7 
ProcessStateBlock, 10-5 
ProcessTrap, 9·20, 10-11 
protected, 3-2 
PSB, 3-16,3-24,4-5,4-8,9-1,9-22,10-1, 

10-3,10-13 
psb, 10-13, 10-15 
PsbFlags, 10-5 
PsbHandle, 10-4, 10-13 
Psblndex, 3-16,10-3,10-4,10-6 
PsbLink, 10-5 
PsbNull, 10-3 
PTc,3·21,3-24,10-29,10-30 
Push, 3-5, 3-18, 5-2 
push, 9-S, 9-10 
Push Long, 3-5, 3·19 
PushState, 8-13, S-22 
qFrameFault, 10-24, A·3 
qPageFault, 10-24, A-3 
Queue, 10·6, 10·7 
QueueHandle, 10-7 
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qWriteProtectFault, 10-24, A-3 
raster, 8-21 
RasterOomai nFromOffset, 8-18 
Rasterlnfo,8-18 
rasterlnfo,8-16 
Rasterlnfos, S-lS 
RasterOffset, 8-1S 
RasterOffsetDomain,8-1S 
RasterOffsetFromOomain, 8-18 
rasters, 8-16, S-17 
Read Overhead Byte, 3-15 
ReadBit, 8-S, 8-14,8-21 
ReadCode, 3-10, 6-8, 8-3, 8-5 
ReadObl, 3-7, 3-11 
ReadObIMds,3-11 
ReadField, 2-6, 7-17, 7-18, 8-8 
ReadMap, 3-2,3-4 
ready, 10-2, 10-19 
REAL, 2-4 
ReaIPageNumber,3-1 
Recover, 3-20,5-2,5-10,7-5,7-11,7-21, 

9-13 
referenced, 3-2, 3-4, 3-10, 9-10, 10-4 
Requeue,10-14,10-18,10-30 
Reschedule, 4-1, 10-9,10-19 
RescheduleError, 4-7,9-20,10-19 
reserved, 8-18 
reserved, l-S, S-12, 10-7 
resolve, 8-16 
Result, 8-19 
returnlink,3-14 
rightKern, S-lS 
Rotate, 2-3, 5-8 
running, 4-1, 4-8,10-18 
saved PC, 4-2, 4-4,9-10, 10-19 
savedSP, 4-4, 9-23, 10-20 
SaveProcess, 1-9, 10-20 
SaveStack,9-23, 10-20 
sBoot, 4-8, A-3 
sBoundsTrap, 9-20, A-S 
sBreakTrap, 9-20, A-S 
sCodeTrap, 9-20, A-3 
sControlTrap, 9-20, A-3 
50,3-12,4-8,9-19 
SO Index, 9-19 
sOivCheckTrap, 9-20, A-3 
sDivZeroTrap, A-S 
SetMap, 3-5 
SetMapFlags, 3-5 
Setup, 1-9, S-14 
SHardwareError, 9-21 
sHardwareError, A-3 
Shift, 2-2, 2-3,5-2,5-6,5-8,7-17,10-26 
ShortControILink,9-2 
ShortcontroILink,9-20 
SignExtend, 2-6, 5-2, 5-5, 6-3 

slnterruptError, 9-20, A-3 
sOpcodeTrap, A-3 
sP, 3-18,3-20,4-6,4-8,9-21,10-20, 

10-23 
space, S-19 
SpacingWidth, S-17 
SpacingWidths, 8-17 
spacingWidths, 8-16 
sPointerTrap, 9-20, A-3 
sProcessTrap, 9-20, A-3 
src,8-9, 10-14 
srcBpl, S-9, 8-12 
SrcFunc, S-10 
srcFunc,8-10 
sRescheduleError, 9-20, A-3 
sStackError, 9-21, A-3 
stack,3-18 
StackCount,3-1S 
StackDepth,3-1S 
StackError, 4-7,9-19,9-21 
StackPointer,3-1S 
StartPsb, 10-3 
state, 10-3, 10-22 
StateAliocationTable, 10-22 
StateHandle, 9-23 
StateVector,9-23,10-22 
StateWord, 9-23 
stop, 8-16, S-17, S-19 
Store, 3-6,3-6,3-11 
StoreByte,7-15,8-6 
StoreMds, ~-ll 
StorePda, 10-4 
sUnboundTrap, 9-21, A-3 
sXferTrap, A-3 
System Data, 3-12,9-19 
tag, 9-2, 9-3,9-4 
TaggedControILink,9-2 
taggedGF,9-3 
tail,10-6 
text, 8-18 
Ticks, 10-2S, 10-30 
time, 4-8, 10-29 
timeout, 10-30 
TimeOutlnterval,10-28 
TimeoutScan, 10-18, 10-29, 10-29 
TransferOescriptor, 9-25 
trap,9-S 
TrapOne, 9-20, 9-22 
TrapTwo, 9-21, 9-22 
trapxfers, 3-13, 9-26 
TrapZero, 9-20, 9-21, 9-22 
TxtBltArg, S-lS 
UnboundTrap, 9-8, 9-11, 9-21 
UNSPECIFIED, 1-7,2-2,2-4,2-5 
Vacant, 3-3 
ValidContext, 10-19, 10-20 
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VirtuaJPageNumber, 3-1 
waiting, 10-6 
WakeHead, 10-13, 10-27 
wakeup, 10-6, 10-6, 10-17, 10-27 
woe, 3-21, 3-24, 4-8,9-20, 10-27 
WdcMax, 10-27 
width,8-9 
widthMinusOne, 8-12 
WM, 3-21, 3-24, 10-25 
WordSize,2·1, 7·17,8·8,10-21 
WP, 3-21, 3-24,4-7,4-8,10-25,10-25 
Write Overhead Byte, 3-15 
WriteBit, 8-8,8-14,8-21 
WriteField, 2-6, 7-17,7-19,8-8 
WriteMap, 3-2, 3-4 
WriteProtectFault, 3-4, 10-24 
XFER, 1-3,4-5,4-8,9-1,9-2,9-7,9-8,9-10, 

9-14,9-19,9-21,10-19,10-24, A-3 
Xor, 2-2, 2-3, 5-2, 5-7, 5-8 
xPreference,8-11 
XTS, 3-21, 3-24, 4-8 
XTS, 9-26 
yOffset, 8-12 
yPreference,8-11 
zBRK,9-26 
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OpCode Names 

Add,5-8 
Add Cardinal to Double, 5-9 
Add Double to Cardinal, 5-9 
Add Local Zero to Immediate Byte, 7-5 
Add Signed Byte, 5-5 
Allocate Frame, 9-7 
Allocate Frame, 9-1 
And,5-6 
Bit Block Transfer, 8-6, 8-7 
Bit Block Transfer, 8-7 
Block Equal Code Long, 8-5 
Block Equal Long, 8-4 
Block Equal Long, 8-4 
Block Transfer, 8-1 
Block Transfer, 8-1 
Block Transfer Code, 8-3 
Block Transfer Code, 8-2 
Block Transfer Code Long, 8-3 
Block Transfer Code Long, 8-2 
Block Transfer Long, 8-1 
Block Transfer Long, 8-1 
Block Transfer Long Reversed, 8-2 
Block Transfer Long Reversed, 8-1 
Bounds Check, 5-4 
Bounds Check, 9-20 
Bounds Check Long, 5-4 
Break,9-25 
Break,9-20 
Broadcast Condition, 10-13 
Broadcast Condition, 10-13, 10-18 
Byte Block Transfer, 8-5 
Byte Block Transfer Reversed, 8-7 
Byte Block Transfer Reversed, 8-6 
Catch, 6-3 
Checksum, 8-4 
Decrement, 5-5 
Disable Interrupts, 10-29 
[ijsableInterrupts, 9-20 
Discard,5-2 

Discard Two, 5-2 
Double, 5-6 
Double Add, 5-9 
Double And, 5·7 
Double Compare, 5-12 
Double Double, 5-6 
Double Duplicate, 5·2 
Double Exchange, 5-2 
Double Exclusive Or, 5-7 
Double Inclusive Or, 5-7 
Double Increment, 5·5 
Double Multiply, 5·10 
Double Shift, 5·8 
Double Subtract, 5-9 
Dump Stack, 9·24 
Dump Stack, 9-26 
Duplicate, 5·2 
Enable Interrupts, 10-30 
Enable Interrupts, 9-20 
Exchange, 5-2 
Exchange Discard, 5·2 
Exclusive Or, 5-7 
External Function Call Byte, 9·12 
External Function Call n, 9-12 
Free Frame, 9-7 
Free Frame, 9-1 
Get Map Flags, 3·6 
Get Map Flags, 3-6 
Global Address Byte, 7·6 
Global Address n, 7-6 
Global Address Word, 7·6 
Inclusive Or, 5-7 
Increment, 5-5 
Jump Byte, 6-3 
Jump Double Equal Byte, 6-4 
Jump Double Not Equal Byte, 6·5 
Jump Equal Byte, 6-4 
Jump Equal Byte Byte, 6-5 
Jump Equal Pair, 6-5 
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Jump Greater Byte, 6·6 
Jump Greater Equal Byte, 6·6 
Jump Indexed Byte, 6·7 
Jump Indexed Word, 6·7 
Jump Less Byte, 6-6 
Jump Less Equal Byte, 6·6 

. Jumpn,6·2 
JumD Not Equal Byte, 6·4 
Jump Not Equal Byte Byte, 6·5 
Jump Not Equal Pair, 6·5 
Jump Not Zero Byte, 6·4 
Jump Not Zero n, 6-4 
Jump Stack, 6·3 
Jump Unsigned Greater Byte, 6·7 
Jump Unsigned Greater Equal Byte, 6·7 
Jump Unsigned Less Byte, 6·7 
Jump Unsigned Less Equal Byte, 6·7 
Jump Word, 6-3 
Jump Zero Byte, 6-4 
Jump Zero Byte, 10-10,10-12 
Jump Zero n, 6-3 
Kernel Function Call Byte, 9·12 
Len~henlnteger,5-6 
Len~hen Pointer, 3·12 
Link Byte, 9-13 
Link Byte, 9-12, 9-21 
Load Global Byte, 7-6 
Load Global Double Byte, 7·7 
Load Global Double n, 7·7 
Load Global n, 7-6 
Load Immediate Byte, 7-2 
Load Immediate Double Zero, 7·1 
Load Immediate High Byte, 7·2 
Load Immediate n, 7·2 
Load Immediate Negative Byte, 7·2 
Load Immediate Negative Infinity, 7·1 
Load Immediate Negative One, 7·1 
Load Immediate Word, 7-2 
Load Link Byte, 9·18 
Load Local Byte, 7·3 
Load Local Double Byte, 7-4 
Load Local Double n, 7·4 
Load Local n, 7·3 
Load Stack, 9-24 
Load Stack, 9-26 
Local Address Byte, 7·3 
Local Address n, 7·3 
Local Address Word, 7·3 
Local Function Call, 9-10 
Long Unsigned Divide, 5-11 
Long Unsigned Divide, 9·20 
Monitor Entry, 10-8 
Monitor Entry, 10-10,10-12 
Monitor Exit, 10·10 
Monitor Exit, 10-10,10-11 
Monitor Reentry, 10-12 

Monitor Reentry, 9-20,10-6,10-10, 
10·11, 10-12, 10-13, 10-18 

Monitor Wait, 10-11 
Monitor Wait, 10·10, 10-11, 10-12, 

10-13, 10-18, 10-29, 10-30 
Multiply, 5·10 
Negate, 5·5 
Nil Check Long, 5·4 
Nil Check Long, 9-20 
Notify Condition, 10-13 
Notify Condition, 10-13, 10-18 
Port In, 9·18 
Port In, 9-21 
Port Out, 9·14 
Port Out Responding, 9-14 
Put Local Byte, 7-5 
Put Local Double Byte, 7·5 
Put Local Double Zero, 7·5 
Put Local n, 7·5 
Put Swapped Byte, 7-11 
Put Swapped Double Byte, 7·11 
Put Swapped Double Long Byte, 7·12 
Put Swapped Double Zero, 7·11 
Put Swapped Field, 7-21 
Put Swapped Long Byte, 7·11 
Put Swapped Long Field, 7·21 
Put Swapped Zero Field, 7-21 
Read Byte, 7·8 
Read Code, 7·9 
Read Code Field Stack, 7-19 
Read Doubte Byte, 7·9 
Read Double Long Byte, 7-9 
Read Double Long Zero, 7-9 
Read Double Zero, 7·8 
Read Field, 7·18 
Read Global Indirect Long Pair, 7·13 
Read Global Indirect Pair, 7·13 
Read Link Double Indirect Byte, 9·19 
Read Link Indirect Byte, 9·18 
Read Loeal Double Indirect Long Pair, 

7·13 
Read Loeal Double Indirect Pair, 7·13 
Read Loeal Double Indirect Zero Zero, 

7·13 
Read Loeallndirect Long Pair, 7·12 
Read Local Indirect Long Pair Field, 

7·19 
Read Local Indirect Pair, 7·12 
Read Loeallndirect Pair Field, 7·19 
Read Loeallndirect Zero n, 7·12 
Read Long Byte, 7-8 
Read Long Field, 7-18 
Read Long Field Stack, 7·18 
Read Long String, 7-15 
Read Long Zero, 7-8 
Read Long Zero Field, 7-18 
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Read n, 7·8 
Read Overhead Byte, 3·16 
Read Register IT, 3·23 
Read Register MDS, 3·23 
Read Register PSB, 3·23 
Read Register PTe, 3·23 

. Read Register woe, 3·23 
Read Register WP, 3·23 
Read Register XTS, 3·23 
Read String, 7·15 
Read Zero Field, 7·18 
Recover, 5-2 
Recover, 5-2 
Recover Two, 5-2 
Requeue, 10·14 
Requeue, 10-14, 10-15 
Return, 9-13 
Return, 9-10, 9-16 
Return Zero, 9-18 
Rotate, 5-8 
Set Map, 3·6 
Set Map, 3-6 
Set Map Flags, 3·7 
Set Map Flags, 3-6 
Set Process Priority, 10·15 
Set Process Priority, 10-14 
Shift, 50S 
Shift Signed Byte, 5·6 
Signed Divide, 5·10 
Signed Double Divide, 5-11 
Stack Function Call, 9·12 
Store Global Byte, 7-7 
Store Global Double Byte, 7-7 
Store Local Byte, 7-4 
Store Local Double Byte, 7-4 
Store Local Double n, 7·4 
Store Local n,7-4 
Subtract, 5·9 
Text Block Transer, 8-7 
Text Block Transfer, 8-7 
Text Block Transfer, 8-7 
Triple, 5-6 
Unsigned Divide, 5·11 
Unsigned Double Compare, 5-12 
Unsigned Double Divide, 5-12 
Write Byte, 7·10 . 
Write Double Byte, 7-10 
Write Double Long Byte, 7·10 
Write Field, 7-19 
Write Local Double Indirect Long Pair, 7·14 
Write Local Indirect Long Pair, 7·14 
Write Local Indirect Pair, 7·14 
Write Long Byte, 7·10 
Write Long Field, 7-20 
Write Long Field Stack, 7·20 
Write Long String, 7-16 

Write Long Zero Field, 7·20 
Write Overhead Byte, 3-16 
Write Register IT, 3·23 
Write Register MDS, 3·24 
Write Register MP, 3·24 
Write Register PSB, 3·24 
Write Register PTC, 3-24 
Write Register woe, 3·24 
Write RegisterWP, 3·24 
Write Register XTS, 3·24 
Write String, 7·16 
Write Swapped Zero Field, 7·20 
Write Zero, 7·10 
Write Zero Field, 7-20 
XFER and Enable, 9·25 
XFER and Free, 9-25 
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ACD,5-9 
ADC,5-9 
ADD, 5-8 
ADDSB,5-5 
AF,9-7 
AlOIB,7-5 
AND, 5-7 
BC,10-l3 
BITBlT,8-7 
BlECL,8-5 
BlEL,8-5 
BlT,8-l 
BlTC,8-3 
BlTCL.8-3 
BlTl,8-2 
BlTLR,8-2 
BNOCK,5-4 
BNDCKl,5-4 
BRK,9-25 
BYTBlT,8-6 
BYTBlTR,8-7 
CATCH, 6-3 
CKSUM,8-4 
DADD,5-9 
DAND,5-7 
DBl,5-6 
DCMP,5-12 
DDBl.5-5 
DDUP, 5-3 
DEC, 5-5 
DEXCH, 5-3 
DI,10-29 
DINC,5-5 
DIOR,5-7 
DIS, 5-3 
DIS2,5-3 
DMUl,5-10 
DSHIFT,5-8 
DSK,9-24 

OpCode Mnemonics 

DSUB,5-9 
DUP, 5-3 
OXOR, 5-7 
EFCB,9-12 
EFCn, 9-12 
EI,10-30 
EXCH,5-3 
EXDIS, 5-4 
FF,9-7 
GAB, 7-6 
GAn, 7-6 
GAW, 7-6 
GMF,3-6 
INC, 5-5 
lOR, 5-7 
JB,6-3 
JDEB,6-4 
JONEB,6-5 
JEB,6-4 
JEBB, 6-5 
JEP, 6-5 
JGB,6-6 
JGEB, 6-6 
JIB, 6-7 
JIW,6-S 
JlB,6-6 
JlEB,6-6 
In,6-2 
JNEB,6-4 
JNEBB,6-5 
JNEP,6-5 
JNZB, 6-4 
JNZn,6-4 
Js,6-3 
JUGB,6-7 
JUGEB,6-7 
JUlB,6-7 
JUlEB, 6-7 
Jw,6-3 
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JZn,6-3 
JZB,~3 
KFCB, 9·12, 11·3 
LAB, 7·3 
LAn, 7·3 
LAW, 7·3 
LfCn,9-11 
LGB,7-6 
LGDB, 7·7 
LGDn, 7·7 
LGn, 7·6 
UB,7·2 
UDO,7·1 
UHB,7.2 
Un, 7·1 
UN1,7·1 
UNB,7·2 
UNI, 7·1 
UNT,5-6 
uw,7·2 
LKB,9·13 
UB,7·3 
UDB,7-4 
LLDn,7-4 
UKB,9·18 
Un, 7-3 
LP,3·12 
LSK,9·24 
LUDlV,5·11 
ME, 10·8 
MR,10-12 
MUL, 5·10 
MW,lo-n 
MX, 10-10 
Ne, 10·13 
NEG, 5·5 
NILCKL, 5·4 
PI, 9·15 
PLB, 7·5 
PLOo,7·5 
PLOB,7·5 
PLn,7·5 
PO, 9·14 
POR, 9·14 
PSOF,7·21 
PSB,7·11 
PSDO,7·11 
PSDB,7·11 
PSDLB,7·12 
PSF,7·21 
PSLB, 7·11 
PSLF,7·21 
ROF,7·18 
RB, 7·8 
RC, 7·9 
RCFS,7-19 

ROO, 4·4, 7·8 
RDB, 4-6, 7·9 
RDLO,7·9 
ROLB,4·6,7·9 
REe, 5·2 
REO, 5·2 
REQ,10·14 
RET, 9·13 
RF,7·18 
RGILP, 7·13 
RGIP, 7·13 
RKDIB,9·19 
RKIB,9·18 
RLO, 7·8 
RLOF,7·18 
RLB,7·8 
RLDIOO, 7·13 
RLDILP,7·13 
RLOIP,7·13 
RLF,7·18 
RLFS,7·18 
RUOn, 7·12 
RULP,7·12 
RULPF,7·19 
RUP, 7·12 
RUPF,7-19 
RLS,7·15 
Rn,7·7 
ROB, 3·16 
ROTATE,5-8 
RRIT,3·23 • 
RRMDS,3·23 
RRPSB,3·23 
RRPTe,3-23 
RRwoc,3-23 
RRWP,3·23 
RRXTS,3·23 
RS,7·15 
SDDlv,5-11 
SDIV,5·10 
SFe, 9·12 
SGB,7-7 
SGDB,7·7 
SHIFT, 5-8 
SHIFTSB,5·6 
SLB,7·4 
SLOB, 7·4 
sLOn,7-4 
SLn,7·4 
sM,3-6 
SMF,3-7 
spp.l0·14 
SUB, 5·9 
TRPL,5-6 
TXTBLT,8-7 
UDCMP,5-12 
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UDDlV.5-12 

UDIV, 5-11 
wo,7-10 
woF,7-20 
WI, 7-10 
WDB, 7-10 
WF,7-19 
WLOF,7-20 
WLB,7-10 
WDLB.7-10 
WLDILP, 7-14 
WLF,7-20 
WLFS,7-20 
WULP,7-14 
wuP,7-14 
WLS,7-16 
WM,10-26 
WOB, 3-17 
WRIT, 3-23 
WRMDS,3-24 
WRMP,3-24 
WRPSB,3-24 
WRwoc,3-24 
WRWP,3-24 
WRXTs,3-24 
wS,7-16 
W50F,7-20 
xE,9-25 
XF,9-25 
XOR, 5-7 
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