






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































inter INSTRUCTION AND DATA STRUCTURE QUICK REFERENCE 

PHYSICAL 
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Figure A·14: Initial Memory Image (Chapter 9) 

A-22 



inter INSTRUCTION AND DATA STRUCTURE QUICK REFERENCE 

Interrupt Handling 

31 0 

0 

4 

PENDING INTERRUPTS 

32 

36 (VECTOR 8) 

40 (VECTOR 9) 

ENTRY 10 44 (VECTOR 10) 

976 (VECTOR 243) 

980 (VECTOR 244) 

992 (VECTOR 247) 

996 (VECTOR 248) 

1000 (VECTOR 249) 

1008 (VECTOR 251) 

1012 (VECTOR 252) 

ENTRY 255 1024 (VECTOR 255) 

31 2 1 0 
I INSTRUCTION POINTER 10 10 I 

RESERVED ( INITIALIZE TO 0) 

Figure A-15: Interrupt Table (Chapter 10) 
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* If the interrupt is serviced while the processor is working on another 
interrupt procedure. the new stack pointer (NSP) will be the same as 
the SP. 

RESERVED 

Figure A·16: Interrupt Record on Stack (Chapter 10) 
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lACs 

31 2423 1615 

MESSAGE TYPE I FIELD 1 I FIELD 2 

FIELD 3 

FIELD4 

FIELD 5 

Figure A-17: lAC Message Format (Chapter 11) 

Fault Handling 
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Figure A-18: Fault Record (Chapter 12) 
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Figure A·19: Fault Table and Fault·Table Entries (Chapter 12) 
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Process Management 

31 7 0 

QUEUE RECORD 
0 
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RECEIVE ESSAGE 8 
DISPATCH PORT SS 12 
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Figure A-20: PCB (Chapter 13) 
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Figure A-21 : Process Controls (Chapter 13) 
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FIFO PORT 

31 7 0 

PRIORITY PORT 

31 1716 7 

QUEUE STATUS 

QUEUE HEAD 55 (PRIORITY = 0) 

QUEUE TAIL 55 (PRIORITY = 0) 

QUEUE HEADERS 

(PRIORITIES = 1 THROUGH 30) 

QUEUE HEAD 55 (PRIORITY = 31) 

QUEUE TAIL 55 (PRIORITY = 31) 

1:::ill::I~~::::;::::::::::i:::::::1 RESERVED ( INITIALIZE TO 0) 
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Figure A-22: Ports (Chapter 14) 
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Trace Control 

~ELINSTRUCTION TRACE MODE 
BRANCH TRACE MODE 

CALL TRACE MODE 

RETURN TRACE MODE 

'------PRERETURN TRACE MODE 

'------- SUPERVISOR TRACE MODE 

'--------BREAKPOINT TRACE MODE 

'---------------INSTRUCTION TRACE EVENT 

'--------------- BRANCH TRACE EVENT 
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'----------------- RETURN TRACE EVENT 

'------------------ PRERETURN TRACE EVENT 

'------------------ SUPERVISOR TRACE EVENT 

'-------------------- BREAKPOINT TRACE EVENT 

RESERVED ( MUST BE INITIALIZED TO 0) 

Figure A-23: Trace Controls (Chapter 16) 

A·3D 



Appendix B 
Machine-Level Instruction 
Formats 





APPENDIX B 
MACHINE-LEVEL INSTRUCTION FORMATS 

This appendix describes the machine-level format for 80960MC instructions. Included is a 
description of the four instruction formats and how the addressing modes relate to these 
formats. Also, a table is given that shows the relationship between the machine-level instruc­
tion operands and the assembly-language-level instruction operands. 

GENERAL INSTRUCTION FORMAT 

At the machine-level, all the 80960MC instructions are one word long and begin on word 
boundaries. (One group of instructions allows a second word, which contains a 32-bit 
displacement. ) 

There are four basic instruction formats: REG, COBR, CTRL, and MEM. Figure B-1 shows 
these formats. Each instruction has only one format, which is defined by the opcode field of 
the instruction. 

31 2423 19 18 1413121110 7 6 5 4 0 REG 
I OPCODE I SRClDST I SRC2 I I I I OPCODE 10 0 I SRC1 I 

1 t 
t M1 

M2 

M3 

31 2423 19 18 14 13 12 2 1 0 COBR 
I OPCODE I SRC1 SRC2 I I DISPLACEMENT 10 0 I 

t M1 

31 2423 2 1 0 CTRL I OPCODE I DISPLACEMENT 10 0 I 

31 2423 19 18 14131211 0 MEMA 
OPCODE SRClDST ABASE I 10 1 OFFSET I 

t MODE 

31 7 6 5 4 MEMB 
OPCODE 

Figure 8-1: Instruction Formats 

The following sections describe the fields in the instruction word for each format. 
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REG FORMAT 

The REG format is for operations that are performed on data contained in the global, local, and 
floating-point registers. The majority of the 80960MC instructions use this format. 

The opcode for the REG instructions is 12 bits long (3 hexadecimal digits) and is split between 
bits 7 through 10 and bits 24 through 31. For example, the opcode for the addi instruction is 
591 16. Here, 5916 is contained in bits 24 through 31 and 116 is contained in bits 7 through 10. 

The srci and src2 fields specify source operands for the instruction. The operands can be 
either registers or literals. The mode bits (ml for srci and m2 for src2) and the instruction type 
(non-floating point or floating point) determine whether an operand is a register or a literal. 
Table B-1 shows the relationship between the instruction type, the mode bits, and the srci and 
src2 operands. 

Table B-1: Encoding of Src1 and Src2 Fields in REG Format 

Inst. Type Ml or M2 Src1 or Src2 Register Literal 
Operand Number Value 
Value 

Non-FP 0 00000 rO 

01111 r15 
10000 gO 

11111 g15 
1 00000 0 

11111 31 
FP 0 00000 rO 

01111 r15 
10000 gO 

11111 g15 
1 00000 fpO 

00011 fp3 
00100 to reserved 

01111 
10000 +0.0 

10001 to reserved 
10101 
10110 +1.0 

10111 to reserved 
11111 
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For non-floating-point instructions, if a mode bit is set to 0, the respective src1 or src2 field 
specifies a global or local register. If the mode bit is set to 1, the field specifies an ordinal 
li teral in the range of 0 to 31. 

For floating-point instructions, if the mode bit is set to 0, the respective src1 or src2 field 
specifies a global or local register (just as it does for non-floating-point instructions). If the 
mode bit is set to 1, the field specifies either a floating-point register or one of two real-number 
literals (+0.0 or + 1.0). All of the other encoding when the mode bit is set to 1 are reserved. 
When a reserved encoding is used as a source, the processor either signals an invalid opcode 
fault or produces an undefined value. 

The src!dst field can specify either a source operand or a destination operand or both, depend­
ing on the instruction. Here again, the mode bit (m3) and the instruction type (non-floating 
point or floating point) determine how this field is used. Table B-2 shows this relationship. 

Table B-2: Encoding of Src/Ost Field in REG Format 

Inst. Type m3 SrclDst Src Only Dst Only 

Non-FP 0 gO .. g15 gO .. gI5 gO .. gI5 
rO .. r15 rO .. r15 rO .. r15 

1 NA Literal NA 
FP 0 NA NA gO .. g15 

rO .. r15 

1 NA NA fpO .. fp3 

Note: NA means not allowed 

For non-floating-point instructions, if M3 is clear, the src!dst operand is a global or local 
register that is encoded as shown in Table B-l. If M3 is set, the src!dst operand can be used 
only as a src operand that is an ordinal literal. 

For floating-point instructions, the src!dst field is only used to encode destination operands. 
Here, the encoding is the same as shown in Table B-1, except that the encodings for floating­
point literals are not allowed. That is, if M3 is clear, the destination operand is a global or 
local register; if M3 is set, the destination operand is a floating-point register. When a reserved 
encoding or literal encoding is used as a destination, the processor either signals an invalid 
opcode fault or produces an undefined result. 

COBR FORMAT 

The COBR format is used primarily for control-and-branch instructions. (The test-if instruc­
tions also use this format.) The opcode field for this format is 8 bits (two hexadecimal digits). 

The srcl and src2 fields specify source operands for the instruction. The srcl field can specify 
either a global or local register or a literal as determined by mode bit mI. (The encoding of the 
srcl field is the same as is shown in Table B-1 for the non-floating point instructions.) The 
src2 field can only specify a local or global register. 
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The displacement field contains a signed, twos complement number that specifies a word 
displacement. The processor uses this value to compute the address of a target instruction that 
the processor goes to as the result of a comparison. The displacement field can range from _210 

to (210 -1). To determine the JP of the target instruction, the processor converts the displace­
ment value to a byte displacement (i.e., mUltiplies the value by 4). It then adds the resulting 
byte displacement to the JP of the current instruction. 

NOTE 

To allow labels or absolute addresses to be used in the assembly-language version of the COBR 
format instructions, the Intel 80960MC Assembler converts a targ (target) operand value in an 
assembly-language instruction into the displacement value required for the COBR format, using 
the following calculation: 

displacement = (targ - IP)!4 

For the test-if instructions, only the src1 field is used. Here, this field specifies a destination 
global or local register (m I is ignored). 

CTRL FORMAT 

The CTRL format is used for instructions that branch to a new JP, including the branch, 
branch-if, bal, and call instructions. The return instruction also uses this format. The opcode 
field for this format is 8 bits (two hexadecimal digits). 

The target address for a branch is specified with the displacement field in the same manner as 
is done with the COBR format instructions. Here, the displacement field specifies a word 
displacement (also a signed, twos complement number) that can range from _22 to 221 -1. 

The processor ignores the displacement field for the return instruction. 

MEM FORMAT 

The MEM format is used for instructions that require a memory address to be computed. 
These instructions include the load, store, and Ida instructions. Also, the extended versions of 
the branch, branch-and-link, and call instructions (bx, balx, and calix) uses this format. 

There are two MEM formats, MEMA and MEMB. The MEMB format offers the option of 
including a 32-bit displacement (contained in a second word) to the instruction. Bit 12 of the 
first word of the instruction determines whether the format is MEMA (clear) or MEMB (set). 

For both formats the opcode field is 8 bits long. The srcldst field specifies a global or local 
register. For load instructions, the srcldst field specifies the destination register for a word 
loaded into the processor from memory or, for operands larger than one word, the first of 
successive destination registers. For store instructions, this field specifies the register or group 
of registers that contain the source operand to be stored in memory. 

The mode bit (or bits for the MEMB format) determine the address mode used for the instruc­
tion. Table B-3 summarizes the addressing modes for the two versions of the MEM format. 
The fields used in these addressing modes are described in the following sections. 
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Table 8-3: Addressing Modes for MEM Format Instructions 

Format Mode Address Computation 
Bit(s) 

MEMA 0 offset 

1 (abase) + offset 

MEMB 0100 (abase) 

0101 (lP) + displacement + 8 

0110 reserved 

0111 (abase) + (index) * 2scale 

1100 displacement 

1101 (abase) + displacement 

1110 (index) * 2scale + displacement 

1111 (abase) + (index) * 2scale + displacement 

Note: 

1. In the address computations above, a field in 
parentheses (e.g., (abase» indicates that the value 
in the specified register is used in the computation. 

2. The use of a reserved encoding causes an invalid 
opcode fault to be signaled. 

MEMA Format Addressing 

The MEMA format provides two addressing modes: 

• absolute offset 

• register indirect with offset 

The offset field specifies an unsigned byte offset from 0 to 4096. The abase field specifies a 
global or local register that contains an address in memory. The address is interpreted as either 
a virtual address or a physical address depending on whether the processor is operating in 
virtual-addressing or physical-addressing mode, respectively. 

For the absolute offset addressing mode (the mode bit is clear), the processor interprets the 
offset field as an offset from byte 0 of the current process address space. The abase field is 
ignored. Using this addressing mode along with the Ida instruction allows a constant of from 0 
to 4096 to be loaded into a register. 

For the register indirect with offset addressing mode (the mode bit is set), the value in the 
offset field is added to the address in the abase register. Setting the offset value to zero creates 
a register indirect addressing mode; however, this operation can generally be carried out faster 
by using the MEMB version of this addressing mode. 
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MEMB Format Addressing 

The MEMB format provides the following seven addressing modes: 

• absolute displacement 

• register indirect 

• register indirect with displacement 

• register indirect with index 

• register indirect with index and displacement 

• index with displacement 

• IP with displacement 

The abase and index fields specify local or global registers, the contents of which are used in 
the address computation. When the index field is used in an addressing mode, the processor 
automatically scales the value in the index register by the amount specified in the scale field. 
Table B-4 gives the encoding of the scale field. The optional displacement field is contained in 
the word following the instruction word. The displacement is a 32-bit, signed, twos comple­
ment value. 

Table 8-4: Encoding of Scale Field 

Scale Scale Factor 
(Multiplier) 

000 1 

001 2 

010 4 

all 8 

100 16 

101 to 111 reserved 

Note: 

The use of a reserved encoding 
causes an invalid opcode fault 
to be signaled. 

For the IP with displacement mode, the value of the displacement field plus 8 is added to the 
address of the current instruction. 
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APPENDIX C 
INSTRUCTION TIMING 

This appendix describes the 80960MC processor's instruction pipeline and how it affects the 
timing of instructions. The number of clock cycles required for each instruction are also given 
here. 

INTRODUCTION 

The 80960 architecture defines several mechanisms for increasing processor performance 
through the use of pipe lining and parallel execution of instructions. This appendix describes 
how these mechanisms have been incorporated into the design of the 80960MC processor and 
provides information to help programmers maximize the performance of the processor. 

INTERNAL STRUCTURE OF THE 80960MC PROCESSOR 

The 80960MC processor is composed of the following six major functional units (shown in 
Figure C-l): 

• Memory Management Unit 

• Bus Control Logic 

• Instruction Fetch Unit and Instruction Cache 

• Instruction Decoder 

• Micro-Instruction Sequencer and ROM 

• Instruction Execution Unit 

• Floating Point Unit 

These units function independently from one another, but in close cooperation. The functions 
of each of these units is described in the following sections. 

Memory Management Unit 

The Memory Management Unit (MMU) translates virtual addresses into physical addresses 
and sends the resulting address to the Bus Control Logic (BCL). When the processor is in the 
physical addressing mode, the MMU is effectively bypassed and addresses are passed directly 
to the Bus Control Logic (BCL). The MMU becomes active in address translation, in the 
following situations: 

• When the virtual addressing mode is used. 

• When the processor accesses system data structures (such as the PRCB, dispatch ports, 
PCBs, etc.) as part of high-level primitive operations like dispatching a process or sending 
a signal to a semaphore. 
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EXTENTIONS TO THE 80960 ARCHITECTURE 
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Figure C-1: Block Diagram of the 80960MC Processor 
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To streamline the address translation process, the MMU maintains a 44 entry cache on the chip 
called the translation lookaside buffer (TLB). This cache is used to store often-used addresses 
that have already been translated. The first 12 entries in the TLB hold addresses for system 
defined data structures such as pointers to the page tables for the four regions of the address 
space for the current process. The next 32 entries contain pointers to 32 pages currently 
mapped into the physical address space. These 32 entries point to l28K bytes of memory, 
which yields a cache hit ratio of 98% for typical applications. 

The MMU is also able to perform type checks when referencing certain types of system data 
structures (such as PCBs, ports, or procedure tables), while instructions are being executed in 
other parts of the processor. Type checking is thus often overlapped with other processor 
activities. 

Bus Control Logic 

The BCL provides the interface between the processor and the external world. This interface 
consists of a multiplexed, burst bus, which is capable of memory-access rates of over 53 
Megabytes/second (with a 20 Mhz CPU clock). The BCL accepts requests from the MMU, 
prioritizes them, and executes them. It attempts to maximize bus access efficiency through 
buffering and burst accesses. 
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The BCL provides a queuing mechanism that can buffer up to three outstanding requests at any 
given time. This mechanism, coupled with other 80960MC features (such as scoreboarding, 
which is discussed later), allow other units in the 80960MC to continue operation without 
waiting for bus requests to be completed. As a result, the execution of most memory reference 
instructions require little or no delay in the instruction execution pipeline. 

The BCL generates burst cycles on the external bus, which allow from one to 16 bytes of data 
to be read or written in a single operation. The processor takes advantage of burst transfers in 
several ways. First, multiple-register load or store operations can be carried out in a single bus 
operation, using the ldl (load long), ldt (load triple), and ldq (load quad) instructions and the 
corresponding stl (store long) stt (store triple), and stq (store quad) instructions. Second, 
instructions can be fetched in 16-byte bursts, thereby reducing bus traffic for instruction 
fetches. Third, floating-point values of 32, 64 or 80 bits can be stored in a single bus opera­
tion. Fourth, the reading and writing of system data structures as part of process management 
tasks (such as switching processes or sending messages) can be carried out at very fast rates. 

Instruction Fetch Unit and Instruction Cache 

The Instruction Fetch Unit (IFU) acts as an intelligent "buffer" for the Instruction Decoder 
(ID). Its purpose is to present the instruction stream to the ID in the fastest and most trans­
parent way possible. The IFU uses several mechanisms to accomplish this goal, as described 
in the following paragraphs. 

The IFU maintains a 512 byte, direct-mapped instruction cache. This cache allows very fast 
access to instructions. While the other units in the processor are executing instructions, the 
IFU looks ahead in flow of instructions stored in the instruction cache. If a cache miss is 
detected (that is, an instruction that will soon be needed is not in the instruction cache), the IFU 
issues a prefetch request to the MMU. Upon receiving the requested instruction, the IFU 
updates the instruction cache. In most cases, this fetch and load will take place before the ID 
requires the instruction. The major exception to this rule happens on branch conditions. 

The IFU works closely with the ID in handling branch conditions. The ID informs the IFU of 
any branch operations that are about to take place. Such notifications take place on uncon­
ditional branches and on conditional branches in which the condition code is valid. When the 
IFU is notified of a branch, it checks for a cache hit on the desired instruction. If the 
instruction is not present, the IFU begins fetching instructions for the new control path. 

To further minimize delays in the instruction pipeline, the ID sends a special signal to the IFU 
whenever instructions are required immediately. The lFU then passes the fetched instructions 
to the ID directly, rather than writing them to the cache and reading them back out again. This 
technique is called an instruction-cache bypassing. 

The instruction pointer (IP) register in the processor and the IFU maintain several instruction 
pointers. These pointers point to instructions at various stages of the fetch-decode-execute 
pipeline. If a fault is signaled from any unit, the processor uses these pointers to determine the 
problem and preserve the state of the processor. 
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Instruction Decoder 

The ID decodes the instructions it receives from the IFU and routes them to the appropriate 
execution units. In doing this, it attempts to keep the computing resources of the processor 
working at the highest possible levels. 

Instructions are decoded into the following four groups, according to how the instructions are 
executed: 

• Simple Instructions 

• Floating Point and Branch Instructions 

• Complex Instructions 

• Load and Store Instructions 

The following paragraphs list the instructions in each of these groups and describe how the ID 
handles them. 

Simple Instructions 

The instructions in the simple-instruction group require very little decoding. These instructions 
include logical; comparison; shift; integer add and subtract; and ordinal add and subtract 
instructions. The ID decodes these instructions and passes them to the instruction execution 
unit (lEU), where they are executed, usually in a single clock period. 

Floating Point and Branch Instructions 

All floating-point instructions are executed by the floating-point unit (FPU). Often, the execu­
tion of floating-point instructions requires interaction between the FPU, ID, and Micro­
Instruction Sequencer (MIS). For example, the FPU may require access to the general-purpose 
registers (maintained by the lEU). Here, the ID assists in supplying data to the FPU. Also, 
many of the floating-point instructions are executed by means of microcode. The FPU gets the 
microcode from the MIS. 

The ID executes branch instructions directly. If the branches are unconditional, no interaction 
with the processor's other execution units is required. 

On conditional branch instructions, the ID uses a condition code scoreboard to streamline the 
branching process. Scoreboarding is a mechanism by which various resources within the 
processor can be marked as in use (or pending a result). When one of the execution units in 
the processor is in the process of altering the condition code, it marks the condition code 
scoreboard. When the ID prepares to execute a conditional branch instruction, it checks the 
condition code scoreboard. If the scoreboard is marked as in use, the ID waits for the result 
before proceeding. If the condition code scoreboard is clear, the ID signals the IFU im­
mediately if a change in program flow is about to happen. 

Conditional fault instructions (fault-if instructions) are also executed in the ID. These opera­
tions differ from conditional branches in that they result in a fault event being generated, 
followed by an implicit call to the appropriate fault-handler routine. 
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As a result of the pipe lining described above, branches can often be carried out in zero clock 
cycles. For example, the branch instruction (b) shown below will execute in zero cycles, since 
the branch time is overlapped completely by the execution time of the floating-point instruction 
(sinr). 

sinr 
b 

gO, gl 
some location 

some location: 
mov gl,g2 

The branch-if instruction (be) in the following example is also executed in zero cycles: 

cmp OxlO, r9 
divi rIO, rll, rIO 
be go here 

-

go here: 
mov gl,g2 

Here, the comparison instruction (cmp) is placed early in the instruction stream, allowing the 
branch condition based on the value of r9 to take place while the integer divide instruction 
(divi) is being executed. 

Complex Instructions 

Complex instructions are those that are executed using one or more microcode instructions. 
Examples of such instructions are the flushreg (flush local registers), mark, and fmark (force 
mark) instructions. The ID decodes complex instructions and forwards them to the MIS unit. 
The MIS then sends the equivalent microcode to the lEU. 

Load and Store Instructions 

Load and store instructions are those that request data to be read from or written into memory. 
The ID sends these instructions directly to the MMU and BCL, which executes them. 

The ID is responsible for converting the addressing information encoded in load, store, branch, 
and call instructions into an effective memory addresses. The circuitry that actually performs 
effective-address calculations resides in the IFU, but the ID oversees these operations. The 
generation of effective addresses is performed within a separate carry look-ahead adder, used 
with hardware shift logic. The ability to calculate effective addresses independently from 
instruction execution allows address calculation to be overlapped with computation. The time 
required to calculate an effective address ranges from zero to four cycles; but, for the most 
commonly used addressing modes, this time is less than two cycles. 

Instructions that require effective addresses are executed by either the ID or the MMU and 
BCL, thus preserving the pipeline and eliminating delays or resource constraints on the lEU or 
FPU. 
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Micro-Instruction Sequencer and ROM 

The MIS is a mUltipurpose unit designed to help in the execution of instructions that use 
microcode. All of the processor's microcode is stored in ROM, which is accessed through the 
MIS. When the ID receives a complex instruction (one that requires microcode to be 
executed), the MIS supplies the microcode to the lEU as described earlier in the discussion of 
complex instructions. 

The MIS also supplies microcode for floating-point instructions; the power-up and self-test 
performed during processor initialization; interrupt handling; and fault handling. 

The MIS is able to access parts of the processor that are not accessible to a program, such as 
the cached local register sets and parts of system data structures that have been cached on the 
chip. This capability offers two benefits. First it allows certain operations such as flushing the 
local registers sets to be carried out, even though software does not have direct access to these 
registers. Second, it enables the processor to execute complex process management operations 
very quickly. 

Instruction Execution Unit 

The lEU contains the Arithmetic Logic Unit (ALU) and the mechanism for register and 
condition-code scoreboarding. It also manages the 16 global registers and the 4 sets of 16 local 
registers. 

The ALU performs the following functions for the lEU: 

• Addition and subtraction of integers and ordinals 

• Moves between registers 

• Logical operations 

• Bit operations 

• Shifts and rotates 

• Comparisons 

It is capable of performing any of these operations in a single clock cycle. 

The lEU can also work with integer literals in the range of 0 to +31, which are encoded in the 
REG instruction format. This method of encoding literals performs two functions. First, it 
provides a more compact instruction stream. Second, when a literal is used as an argument for 
an instruction, the lEU is able to execute the instruction in one less clock cycle. 

The lEU handles the reading and writing of global and local registers. It also handles the 
allocation of local registers sets on procedure calls. The lEU allocates a new set of local 
registers on each procedure call. If all four register sets become allocated, the lEU automati­
cally flushes the oldest frame to the stack on the next procedure call. The lEU also automati­
cally retrieves any local register frame from the stack when required by a return operation. The 
majority of procedure calls or returns do not require the processor to flush local registers to 
memory. Call instructions that can be executed without flushing a register set require only 9 
cycles to complete, with the corresponding return taking only 7 cycles. 
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The register scoreboard provides scoreboarding for the global and local registers. When one or 
more registers are being used in an operation, they are marked as in use. The register 
score boarding mechanism allows the processor to continue executing subsequent instructions, 
as long as those instructions do not require the contents of the scoreboarded registers. 

A typical event that would cause scoreboarding is a load operation. For a load from memory, 
the contents of the affected registers are not valid until the MMU and BCL fetch the data and 
the registers are loaded. For example, consider the sequence: 

Id 
addi 
addi 
subi 

(gl), gO 
g2, g3, g4 
g5, g4 ,g6 
gO, g6, g6 

Here, when the MMU and BCL initiate the Id operation, register gO is scoreboarded. As long 
as subsequent instructions do not require the contents of gO, the ID continues to dispatch 
instructions. For example, the two addi instructions above are executed while the BCL is 
fetching the data for gO. If gO is not loaded by the time the subi instruction is ready to be 
executed, the lEU delays execution of the instruction until the loading of gO has been com­
pleted. 

If an operation accesses a single register, only that register is scoreboarded. However, if 
multiple registers are accessed (such as, with the Idl, Idt, or Idq instructions), registers are 
score boarded as shown in Table C-l, according to the base register of the group being ac­
cessed. 

Table C-1 : Registers Scoreboarded According to Registers Referenced 

Base Register Block of Registers 
Accessed Score boarded 

gO 0-3 

g2 0-7 

g4 4-7 

g6 0-15 

g8 8-11 

g10 8-15 

g12 12-15 

g14 0-15 

Register Bypassing 

The execution times of instructions in the lEU are dependent on the instruction flow. One 
feature of the lEU that can enhance processor performance is register bypassing. Register 
bypassing is a mechanism that allows an instruction that would ordinarily require source 
operands to be placed in registers to be executed without accessing one or both of the source 
registers. Register bypassing occurs in either of two circumstances. First, when the lEU 
executes an instruction with two source operands, register bypassing occurs ifone or both of 
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the operands are literals. Second, register bypassing will also occur when the second of two 
source operands is the result of the previous instruction. The net result of register bypassing is 
the saving of one clock cycle. Most instructions that the lEU executes can be executed in a 
single cycle when register bypassing occurs. 

Floating Point Unit 

The FPU performs all the floating-point computations for the processor, as well as the integer 
multiply and divide operations. It shares the resources of the processor. For example, it can 
use the global and local registers as operands for floating-point operations, and it gets 
microcode for the execution of complex floating-point instructions from the MIS. It also 
manages the four 80-bit floating-point registers, which it uses for extended-precision, floating­
point calculations. 

To perform integer multiplication and several floating-point calculations, the FPU contains a 
32-bit integer Booth-Multiplier. This multiplier performs integer multiplication operation in a 
variable amount of time, depending on the number of significant bits. It is used for integer 
multiplications and several floating-point calculations. 

EXECUTION TIMES FOR THE 80960 ARCHITECTURE INSTRUCTIONS 

This section describes the execution times for the instructions defined the 80960 architecture. 
As illustrated earlier in this appendix, the execution time for an instruction can vary, according 
to (1) the types of arguments used and the state of the on-chip resources and (2) how the 
processor's pipelining and instruction-overlapping features are used. 

In the following discussion, an instruction's execution time is defined as the time between the 
beginning of execution of a decoded instruction and the beginning of execution for the next 
decoded instruction. For example, the illustration in Figure C-2 shows the execution time of a 
two operand instruction to be two clocks, with respect to the next instruction to be executed. 

FIRST INSTRUCTION 

FETCH DECODE EXECUTE 
src1 

src2 

EXECUTION TIME 

RESULT 

SECOND INSTRUCTION 
,..-----r----.,... - - - - .,-----,----..., 

FETCH DECODE WAIT EXECUTE RESULT 
'---___ .L.-___ ...L.. ____ -'-___ -'-___ ...... 

Figure C-2: Execution Time of an Instruction 
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Logical Instructions 

The timing of the logical instructions depends on the lEU bypass mechanism described earlier 
in this appendix, in particular for any instruction of the form: 

alu_instruction srcJ, src2, dst 

If srcJ or src2 is a literal or if src2 is the result of the previous operation, a bypass hit occurs. 
Otherwise, there is no bypass hit and the instruction requires an extra clock to load the second 
operand. Table C-2 shows the timing of the logical instructions depending on whether or not a 
bypass hit occurs. 

NOTE 

In all the following tables, execution time is given in number of clock cycles. 

Table C-2: Logical Instruction Timing 

Instruction Normal Case Worst Case 
Execution Time Execution Time 

(Bypass Hit) (Bypass Miss) 

and 1 2 

nand 1 2 

or 1 2 

nor 1 2 

xor 1 2 

xnor 1 2 

andnot 1 2 

notand 1 2 

not 1 1 

notor 1 2 

ornot 1 2 

rotate 1 2 

shlo 1 2 

shro 1 2 

shli 2 3 

shri 2 3 

shrdi 2 3 
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Bit Instructions 

The execution times for the bit instructions are also dependent on whether or not a register 
bypass has occurred or not, as is shown in Table C-3. 

Table C-3: Bit Instruction Timing 

Instruction Normal Case Worst Case 
Execution Time Execution Time 

(Bypass Hit) (Bypass Miss) 

notbit 2 3 

setbit 2 3 

clrbit 2 3 

aIterbit 2 3 

chkbit 2 3 

extract 7 7 

modify 8 8 

The execution times of the scanbit and spanbit instructions (shown in Table C-4) depend on 
condition code scoreboarding. If the condition code is not set by the previous instruction 
execution, the instruction will complete in one less clock cycle. Execution time is also depend­
ent on the number of bits operated upon. 

Table C-4: Scan and Span Bit Instruction Timing 

Instruction Best Case Normal Case Worst Case 
Execution Time Execution Time Execution Time 

scanbit 8 11 14 

spanbit 8 11 14 

Register Moves 

The timing of instructions that move data between registers is directly related to the number of 
words moved. One clock cycle is required to move one (as shown in Table C-5). 

Table C-5: Move Instruction Timing 

Instruction Execution Time 

mov 1 

movl 2 

movt 3 

movq 4 
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Integer and Ordinal Arithmetic 

The execution times for the basic add and subtract instructions (as shown in Table C-6) depend 
on register bypass. The normal-case results are achieved when a register bypass occurs. 

Table C-6: Integer and Ordinal Arithmetic Instruction Timing 

Instruction Normal Case Worst Case 
Execution Time Execution Time 

(Bypass Hit) (Bypass Miss) 

addo 1 2 

addi 1 2 

subo 1 2 

subi 1 2 

addc 1 2 

subc I 2 

Table C-7 shows the execution times of the compare instructions, which also depend on 
whether or not a bypass hit occurs. 

Table C-7: Compare Instruction Timing 

Instruction Normal Case Worst Case 
Execution Time Execution Time 

(Bypass Hit) (Bypass Miss) 

cmpo 1 2 

cmpi 1 2 

cmpinco 2 3 

cmpdeco 2 3 

cmpinci 2 3 

cmpdeci 2 3 

condmpo 1 2 

concmpi 1 2 
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Multiply and Divide Instructions 

Table C-8 shows the typical instruction execution times for the multiply and divide instruc­
tions: 

Table CoB: Multiply and Divide Instruction Timing 

Instruction Range of Typical Case 
Significant Bits Execution Time 

mulo 9 to 21 18 

muli 9 to 21 18 

divi 37 37 

divo 37 37 

remo 37 37 

remi 37 37 

modi 37 37 

ernul 37 24 

ediv 37 40 

Since the processor contains a Booth Multiplier with early out, the execution times on the 
multiply and divide instructions (shown in Table C-8) depend on the number of significant bits 
in the srci operand. For example, Table C-9 shows the execution times based on the number 
of significant bits in src 1: 

Table Cog: Multiply/Divide Execution Times Based on Significant Bits 

Src1 Significant Bits Execution Time 

2 9 

4 10 

8 11 

32 21 

Note that the shift instructions or the add and subtract instructions may be faster than the 
multiply instructions in certain instances (for example, when multiplying by 3, 5, 15, etc.). 

Branching 

Branch instructions are executed directly by the ID and do not require lEU or FPU resources. 
Because of this, branch instructions can in most cases be programmed so that their execution is 
overlapped with other operations. Table C-10 lists the ranges of times for execution of branch 
instructions, from best (maximum overlap) to worst (no overlap). (The instructions in capital 
letters indicate groups of instructions that branch on condition codes, such the BRANCH IF 
instructions, be, bg, bl, etc.) 
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Table C·10: Branch Instruction Timing 

Instruction Best Case Worst Case 
Execution Time Execution Time 
(CC Available) (CC Not Available) 

b l o to 2 (0 to 2) 

BRANCH IF Ot02(Oto1) o to 3 (0 to 2) 

bx l o to 6 (0 to 6) 

BRANCH AND 2 to 8 (2 to 8) 
LINK I 

COMPARE AND 4 to 5 (3 to 4) 
BRANCH2 

bbs, bbc2 4 to 5 (3 to 4) 

TEST IF o to 3 (0 to 2) o to 4 (0 to 3) 

FAULT IF o to 2 (0 to 1) o to 3 (0 to 2) 

Notes: 
I. Condition code is not used. 
2. Condition code is set and checked as part of instruction execution. 

The second column of numbers lists execution-time ranges for conditional branches in which 
the condition code was not set in the previous instruction, and the third column lists ranges for 
branches in which the condition code was set by the previous instruction. Also, the first range 
in each column is for the case in which the branch is taken, and the range in parentheses is for 
the case in which the branch is not taken. 

When writing optimized code for the 80960MC processor, it is best to perform conditional 
tests at least two instructions before a conditional branch. This practice allows the execution 
times in column two to be achieved. It is also important to note that the "not taken" branch 
case executes in one less cycle, because there is no break in the pipeline. (Remember, instruc­
tion time is defined as the time from the start of execution of one instruction to the start of 
execution of the next instruction. If the pipeline is stalled, the fetch of the next instruction will 
be delayed one clock. This delay may or may not be hidden by the parallelism of the 
80960MC processor). 

Call/Return Instructions 

As described earlier in this appendix, the 80960MC processor provides four sets of local 
registers. When a call instruction is executed, the processor allocates a new set of local 
registers to the called procedure or interrupt routine. If, when a call or calix instruction is 
executed, a set of local registers is available, the processor executes the instruction in 9 clock 
cycles. 

If a set of local registers is not available, the processor flushes the oldest set of registers to the 
stack in memory to free up a register set. Flushing a set of local registers requires four 
quad-word stores to memory. Assuming zero-wait-state memory, this operation adds 24 clocks 
to the 9 clocks normally required to execute a call. 
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The ret (return) instruction nonnally requires 7 clock cycles. If the local registers being 
returned to have been flushed to the stack, an additional 24 clocks must be added to this 
execution time (with zero-wait-state memory) for the processor to reload the local registers 
from the stack. It is important to note that the processor only reloads the local registers when 
they are required, thus eliminating unnecessary memory cycles. 

Miscellaneous Complex Instructions 

The miscellaneous complex instructions shown in Table C-ll are carried out by the MIS. 
Their execution times depend on the execution state of the environment at the time of execu­
tion. The execution times given here are typical values. 

Table C-11 : Miscellaneous Complex Instruction Timing 

Instruction Execution Time 

atadd 17 

atmod 20 

flushreg 27 

mark 6 (not taken) 

fmark 6 (plus fault time) 

modac 10 

modpc 29 

modtc 18 

Ida 1 to 5 (typical 2) 

Idphy 17 

inspacc 29 

Load Instructions 

A load instruction requires the following steps: 

1. Instruction Fetch 

2. Decode 

3. Compute Effective Address/Scoreboard Register(s) 

4. Address translation through the MMU 

5. Place Address on Bus 

6. Wait State(s) 

7. Receive Data on Bus 

8. Place Data in target register 

Of these steps, only steps 3 through 8 are included in the definition of execution time for an 
instruction. The following figures show several examples of load instruction timing depending 
on where the load instruction is placed in the instruction stream. 
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The example in Figure C-3 illustrates a load instruction where the instruction that follows 
requires the fetched data. Here, the pipeline is stalled while the processor waits for the load to 
complete. Assuming a one-clock-cycle effective-address calculation, the load will require 4 or 
5 clock cycles to be executed, depending on whether or not zero-wait-state memory is used. 

PREVIOUS INSTRUCTION 

I DECODE I EXECUTE 

Id INSTRUCTION 

EXECUTION TIME 

WAIT 

INSTRUCTION USING Id RESULT 

FETCH DECODE EXECUTE RESULT 

Figure C-3: Load Where the Next Instruction Requires the Fetched Data 

Figure C-4 gives an example of a load instruction where the instruction that follows does not 
require the data being fetched from memory. Here, the unrelated instruction can be executed 
while the load is being completed. The 2 clock cycles required to execute the unrelated 
instruction are then overlapped with the 4 or 5 cycles required to execute the load (again 
depending on whether or not zero-wait-state memory is used). The load instruction thus 
requires a net of 1 or 2 clock cycles from the pipeline to be executed. 

PREVIOUS INSTRUCTION 

I DECODE I EXECUTE 

Id INSTRUCTION 

UNRELATED INSTRUCTION 

FETCH I DECODE I EXECUTE 

WAIT 

EXECUTION TIME 

RESULT 

Figure C-4: Load Where the Next Instruction Does Not Require the Fetched Data 

Finally, Figure C-5 shows an example of two load instructions being executed back-to-back. 
These two instructions can be executed in 5 or 6 clock cycles, as long as the number of BCL 
requests is limited to 3 or less (which is the size of the output request FIFO in the BCL's 
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control queue). Here, the second load is almost completely overlapped by the first load. Times 
for multiple word loads will be lengthened 1 cycle plus wait states for each additional word. If 
more than 3 requests become outstanding, the processor will wait until the number of outstand­
ing load operations goes below the size of the output FIFO. 

FIRST Id INSTRUCTION 

WAIT 

SECOND Id INSTRUCTION 

WAIT 

EXECUTION TIME FOR BOTH INSTRUCTIONS 

Figure CoS: Back-to-Back Load Instructions 

In all of the above load operations, it is assumed that the page table entry for the page that 
contains the word is present in the TLB (which is normally the case). If not, the translation 
takes considerably longer, since the processor has to perform several memory reads to thread 
its way through the segment table and page tables to find the physical address of the page that 
contains the word to be loaded. 

Store Operations 

Store instructions involve a posting of an address and data request to the MMU and BCL and 
are usually executed in 2 to 3 clock cycles. (They do not require register scoreboarding.) If 
the instruction following a store instruction is another store instruction, the second store in­
struction is usually executed in 2 clock cycles. If the following instruction uses the lEU, the 
execution time is 3 clock cycles. The only case in which this time will increase is when the 
three-request output FIFO in the BCL becomes full. Here, if another store instruction is issued, 
the processor waits for the BCL to complete its operations before other instructions can ex­
ecute. 

EXECUTION TIMES FOR THE EXTENDED INSTRUCTIONS 

The following sections give the execution times for those 80960MC instructions that are 
extensions to the 80960 architecture. 
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Decimal Instructions 

Table C-12 shows the instruction times for the decimal instructions. 

Table C-12: Decimal Instruction Timing 

Instruction Execution Time 

dmovt 7 

daddc 8 

dsubc 8 

Floating-Point Instructions 

Table C-13 shows the instruction execution times for the simple floating-point instructions. 
Where applicable, a range and a typical observed average are given. 

The instructions given in Table C-14 consist of the complex floating point instructions. Only 
typical instruction execution rates are given here. In many cases, the clock count can vary by 
30-40%. Execution time is dependent on the operands. 

It is important to note that the complex floating-point instructions are interruptible. When an 
interrupt is received while one of these instructions is being executed, the processor can 
suspend execution, service the external request, then resume execution of the instruction. 

Process-Management Instructions 

The MIS executes the process management instructions. The execution times for these instruc­
tions depend heavily on the state of the execution environment when execution of the instruc­
tion begins. For example, if a signal instruction is executed, the execution time will vary 
depending on whether or not there is a process waiting at the semaphore. 

Table C-IS gives typical execution times for these instructions. The following assumptions are 
made in computing these times: 

• The system is assumed to be a single-processor system 

• Regions are assumed to be paged 

• Faults do not occur 

• When enqueuing occurs, the queue is empty 

• When dequeuing occurs, one entry is on the queue 

• All communication ports are assumed to be FIFO ports 

• Process preemption does not occur as the result of any operation 
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Table C-13: Simple Floating-Point Instruction Timing 

Instruction Execution Time 

movr 5 

movrl 5 to 7 

movre 7 to 8 

cpysre 8 

cpyrsre 8 

addr 9 to 17 (typical 10) 

addrl 12 to 20 (typical 13) 

subr 9 to 17 (typical 10) 

subrl 12 to 20 (typical13) 

muir 11 to 22 (typical 20) 

mulrl 14 to 43 (typical 36) 

divr 35 

divrl 77 

cmpr 10 

cmprl 12 

cmpor 10 

cmporl 12 

cvtri 25 to 33 

cvtril 26 to 35 

cvtilr 41 to 45 

cvtilr 42 to 46 

cvtzri 41 to 45 

cvtzril 42 to 46 

roundr 56 to 69 

roundrl 56 to 70 

scaler 28 

scalerl 30 

logbnr 32 to 41 

logbnrl 32 to 43 

classr 22 to 24 

classrl 22 to 24 
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Table C-14: Complex Floating-Point Instruction Timing 

Instruction Execution Time 

sqrtrl 104 

expr 300 

exprl 334 

logepr 400 

logeprl 420 

logr 438 

logrl 438 

remr (67 to 75878) 

remrl (67 to 75878) 

atanr 267 

atanrl 350 

cosr 406 

cosrl 441 

tanr 293 

tanrl 323 

Table C-15: Process-Management Instruction Timing 

Instruction Execution Time 

wait 47 (no blocking) 

condwait 47 

signal 42 (no waiting process) 
137 (waiting process) 

send 110 (no waiting process) 
172 (waiting process) 

receive 73 (message available) 

condrec 69 (message not available) 
92 (message available) 

schedprcs 107 

sendserv 185 

Idtime 15 

saveprcs 200 

resumprcs 375 
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APPENDIX D 
INITIALIZATION CODE 

This appendix provides an example of the initialization code required to initialize the 
80960MC processor. 

OVERVIEW 

The code given in this appendix demonstrates one of the methods that can be used to initialize 
the 80960MC processor. To use this code, the programmer must assemble (and compile, in the 
case of the C program modules) the individual files into object modules. These modules must 
then be loaded into ROM (generally EPROM). The resulting EPROM will contain the follow­
ing: 

• An initial memory image (as shown in Figure 9-5 

• An interrupt table 

• A fault table 

• A system procedure table 

• A set of dummy interrupt and fault handler routines 

• A dispatch port 

• A set of dummy system procedures 

• Two small processes 

The dummy interrupt and fault handler routines merely perform a return to the initialization 
code if an interrupt or fault occurs during initialization. Likewise, the dummy system 
procedures perform returns. These routines may be changed to suit the needs of a particular 
application. 

Each process consists of a PCB and a code block. The code block is located in physical 
memory; however, one of the jobs of the initialization code will be to map the code into a 
virtual memory page. 

The dispatch port has the two processes already queued to it. 

When the processor's RESET pin is asserted, the processor performs its self test and comes up 
in physical mode. The processor then begins executing the initialization code. This code 
directs the processor to perform the following rudimentary steps of initialization: 

1. Copy the PRCB from the IMI into RAM. 

2. Copy the interrupt table into RAM. 

3. Copy the dispatch port in RAM. 

4. Copy page tables for the two processes in RAM. 
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5. Copy a page table for a region 3 in RAM, to be shared by the two processes. 

6. Copy the PCBs fQr the two processes into RAM. 

7. Execute a restart processor lAC, to enable the processor to load the new pointers to PRCB 
and interrupt table. During restart, the processor is brought up in virtual mode and in the 
idle state. 

The PRCB, interrupt table, dispatch port, and process PCBs are copied into RAM because 
these data structures have fields that the processor must be able to write. 

In a system where processes are created dynamically, the segment table would also have to be 
copied into RAM during initialization. In this example, the segment table remains in ROM. 
The pointers in the segment table to the page tables, PCBs, dispatch port, and system procedure 
table are predefined to point to the locations in RAM where these data structures are to be 
loaded during initialization. 

Prior to restarting the processor, additional initialization steps can be carried out to configure 
the processor for a particular application. The following items are examples of further in­
itialization actions that might be included in the initialization code: 

• Copy the segment table into RAM (as discussed above). 

• Copy new interrupt handler routines into RAM and change the pointers in the interrupt 
table to point to these new routines. 

• Copy the fault table into RAM; copy new fault handler routines into RAM; change the 
pointers in the fault table to point to the new fault handler routines; and change the pointer 
in the PRCB to point to the relocated fault table. 

• Create a new system procedure table in RAM; copy the system procedures into RAM; 
change the pointer in the PRCB to point to the new system procedure table. 

• Create additional processes, made up of page tables for the process address space, a PCB, 
and code and data for the process. 

Alternatively, the interrupt handler routines, fault handler routines, and system procedures can 
all be loaded into ROM. 

Following the restart of the processor, the processor checks the dispatch port. It dispatches the 
first process and begins executing it. It executes the process for one time slice of 4096 ticks, 
then dispatches the second process. It continues to switch back and forth between the two 
processes in this manner. 

EXAMPLE CODE 

The example code consists of the following sixteen files: 

• startup.s 

• Ctable.lst 

• i_table.lst 
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• initialjrame.lst 

• macs.m4 

• Chandle.c 

• Lhandle.c 

• fix_pte.c 

• prog1.c 

• prog2.c 

• led.h 

• passl.ld 

• pass 1a.ld 

• pass2.ld 

The startup.s,Ltable.lst, i_table.lst, initiaIJrame.lst, and macs.m4 files contain assembly code 
for the Intel 80960MC Assembler. (The files with an .lst extensions are listings from the 
assembler that include assembly code, such as would be included in an .s file, and the resulting 
object code. The macs.m4 file contains assembler code for macros.) The code in these files is 
used to build the initial memory image. The startup.s code builds all of the system data 
structures except the interrupt table and fault table, which are built by the i _table. 1st and 
Ltable.lst code, respectively. The startup.s code uses the macros in macs.m4. Also, the 
startup.s code contains the initialization code that the processor executes following the first 
stage of initialization. The initial Jrame .Ist code creates a stack frame for each process. 

Lhandle.c, i_handle.c, and fixyte.c files contain C program modules that are also used to 
build the initial memory image. The Lhandle.c and i_handle.c programs create the dummy 
fault and interrupt handler routines; the fix yte.c program creates the page tables. 

The progl.c, prog2.c, and led.h files contain C program modules for the two processes. 

Finally, the passl.ld, passl a.ld, and pass2 .ld files contain instructions for the loader. 

The following steps describe how to use the code in these files: 

1. Assemble the assembly code in files startup.s,Ltable.lst, i_table.lst, initiaIJrame.lst, and 
macs.m4. (Here the ".s" files are made up of the assembly code only from the ".1st" files 
listed above.) 

2. Compile the C code in files Lhandle.c, i_handle.c,fixyte.c, progl.c, and prog2.c. The 
led.h code is included in the progl.c and prog2.c code. 

3. Run the passl.ld command file. The script in this file do two things. First, it links the 
object modules progl.o and initial Jrame.O, using the 80960 linker. This operation creates 
the virtual address space for process 1, with code starting at address 016, data at address 
4000000016, the stack at address 8000000016, and region 3 at C0000000l6" Second, the 
interrupt and fault tables are located in region 3. (The interrupt and faults tables are not 
related to process 1. They are located using passl.ld, merely for convenience.) 
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4. Run the pass] a.ld command file. The script in this file create a virtual address space for 
process 2, by linking the object modules prog2.o and initiaIJrame.O. 

5. Run the pass2.ld command file. The script in this file combine the two processes with the 
initial memory image. The script in pass2.ld directs the linker to locate the linked code at 
address O. 

6. Burn the output file from pass2 .ld from the linker in an EPROM. 

startup.s 

/* 
*/ 

include ('macs .m4') 

/ * ------ externals --------------------------------------------------- * / 

.globl 
· globl 
.globl 
.globl 
.globl 
.globl 
.globl 
.globl 
.globl 
· globl 
· globl 

seg~table_ptr 

prcb_ptr 

esl 
yl_regioD_O_pte 
yl_regioD_l_pte 
_pl_regioD_2_pte 
_p2_regioD_O_pte 
_p2_region_l_pte 
_p2_region_2_pte 

reglon _ 3 _pte 

/ * ------ core initialization block ----------------------------------- * / 

.word se9_ table _ptr 

.word prcb_ptr 

.word 0 

.word start _ip 

.word esl 1* calculated at link time */ 

.word 0 /* csl = -(segtab + PRCB + startup) */ 

.word 0 

.word -1 

1* ------ segment table offsets --------------------------------------- */ 

· set sys_proc_table_st,2 
.set pl reglon 0 st,3 
· set pl=region_l_st,4 
· set pl_region_2_st,5 
.set region_3_st,6 
.set d_port_st,7 
· set segtab_st,8 
,set p2 region 0 st,9 
.set p2=region=1=st,lO 
· set p2_region_2_st,11 
.set LPCBl_st,12 
.set LPCB2_st,13 

/ * ------ region sizes ------------------------------------------------ * / 
/* nominal object size"" (size+l) * 64kb */ 
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.set 
· set 
· set 

pl_region_O_size,O 
pl_reglon 1 8lze,0 
pl_region_2_size,O 

· set p2_reglon 0 slze,O 
.set p2_reglon 1 812e,0 
.set p2 reglon 2 81ze,0 

INITIALIZATION CODE 

.set region_3_size,Ox3f /* as large as possible */ 

/* initial PReB ------------------------------------------------ *1 
1* 

This PReB (Processor Control Block) is used to bring 
the 80960 out of reset and into an executing state. The 
processor will set up all necessary tables and structures, 
then restart itself using the Linear PRes (below) 

* 1 

.align 
prcb ptr: 

.word OxO 1* - reserved * 1 

.word OxOOOOOO08 1* - processor state idle * 1 

.word OxO 1* - reserved * 1 

.word OxO 1* 12 - current process * 1 

.word OxO 1* 16 - dispatch port *1 

.word intr table 1* 20 - table physical address * 1 

.word intr stack 1* 24 - interrupt stack pointer * 1 
1* Note: GIS is the frame pointer and * 1 
1* is initialized to int stack at reset *1 -

.word OxO 1* 28 - reserved * 1 
SS(region_3_ st) 1* 32 - region 3 * 1 
.word sys_proc - table 1* 36 - system procedure table * 1 
.word fault table 1* 40 - fault table * 1 
.word OxO 1* 44 - reserved * 1 
· space 12 1* 48 - reserved * 1 
.word OxO 1* 60 - reserved * 1 
. space 8 1* 64 - idle time * 1 
.word OxO 1* 72 - system error fault * 1 
.word OxO 1* 76 - reserved * 1 
.space 48 1* 80 - resumption record * 1 
.space 44 1* 128 - system error fault record * 1 

1* ------ linear PReE ------------------------------------------------ * I 

.align 12 
lprcbytr: 

.word OxO 1* 

.word (1«10) I (1«3) 1* 

.word OxO 1* 

.word OxO 1* 
SS (dyort_st) 1* 
.word intr table 1* 
.word OxcOOOOOOO 1* 

1* 
1* 

.word OxO 1* 
S5 (region_3_st) 1* 
SS (sysyroc_ table st) 1* 
.word fault _table 1* 
.word OxO 1* 
· space 12 1* 
.word OxO 1* 
· space 8 1* 
.word OxO 1* 
.word OxO 1* 
.space 48 1* 
.space 44 1* 
.text 

- reserved 
- addr. trans. on (linear) 

state idle 
- reserved 

12 - current process 
16 - dispatch port 
20 - table physical address 
24 - interrupt stack pointer 

(beginning of region 3) 
Note: G1S lS the frame pointer and 
is initialized to int stack at reset 

28 - reserved 
32 - region 3 
36 - system procedure table 
40 - fault table phys. addr. 
44 - reserved 
48 - reserved 
60 - reserved 
64 - idle time 
72 - system error fault 
76 - reserved 
80 - resumption record 

128 - system error fault record 

/* ****************************************************************** */ 
/* The system procedure table will only be used if software puts the */ 
/* processor into user mode and makes a supervisor procedure call */ 

.align 6 
sysyroc_table: 

.word # Reserved 

0·5 

* 1 

* 1 
* 1 
*1 
* 1 
* 1 

* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 



.word 

.word 

.word sup_stack 

.word 0 

.word a 

.word 

.word 

.word 

.word 

.word 

.word 

.word proc_entry_O 

.word proc_entrY_l 

INITIALIZATION CODe 

Reserved 
Reserved 
Supervisor stack pointer 12 
Preserved 
Preserved 
Preserved 
Preserved 
Preserved 
Preserved 
Preserved 
Preserved 
Procedure entry 
Procedure entry 

sup_stack: 
.word 

proc_entry_O: 
.word 

proc_entry_l: 
.word 

Dummy 

place 

stack 

stack 

and procedure code space 

in ram if used, 

/* ---------------- linear process #1 ---------------------------------- *1 
/* 

* / 

This is the Process Control Block for Process 1. We set up the 
Queue links statically, such that the dispatch port contains 
processes ready to be executed. 

I dyort I ---> I PCB 1 I ---> I PCB 2 I 

The PCB blocks are set with timing enabled, and a time slice 
period. When the time slice expires, the bits in the process 
control word indicate that the processor should place the expired 
task at the end of the dispatch port and dispatch another process. 

.align 12 
lpcblytr: 

SS (LPCB2_st) 1* queue record * / 
55 (d_port_st) 
.word 0 1* received mess. */ 

*/ 
*/ 

SS (d_port_st) 1* disp. port SS 
.word OxlOOO 1* resid. time slice 
.word (1«1) I (1«8) I (1«7) I (1«6) 

1* priority 0, supervisor mode timing 
and time slice enabled */ 

*/ .word 
.word 
.word 
.word 
.word 
.word 
SS (pI region 0 st) 
SS (pI-region -1-st) 
SS (pl-region-2-st) 
.word- Ox10000000 
· word 0 
.word Ox1000 
· space 8 
· space 48 
· space 60 
.word Ox80000000 
· space 48 

1* process notice 
1* trace controls 
1* reserved 
1* reserved 
1* reserved 
1* reserved 
1* region 0 Segment selector 

*/ 
*/ 
*/ 
*/ 
*/ 
*/ 

1* region Segment Selector *1 
/* region Segment Selector *1 
1* arith. controls:inexact mask *1 
/* reserved * 1 
1* next time slice *1 
1* execution time *1 
1* resumption record *1 
1* global registers gO .. gI4 *1 
1* initial frame pointer * 1 
1* floating point registers * 1 

1* ---------------- linear process #2 ---------------------------------- *1 
.align 12 

1pcb2ytr: 
S8 (LPCB1_st) 1* queue record */ 
S5 (d_port_st) 
.word a 1* received'mess. *1 
SS(d_port_st) 1* disp. port SS *1 
.word Ox1000 1* resid. time slice *1 
.word (1«1) I (1«8) I (1«7) I (1«6) 

1* priority 1, supervisor mode *1 
.word 1* process notice *1 
· word 1* trace controls * 1 
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.word 

.word 

.word 

.word 
SS(p2_reglon 0 st) 
SS(p2_reglon 1 st) 
SS(p2_reglon 2 st) 
. word OxlOOOOOOO 
.word 0 
.word Ox1000 
· space 8 
· space 48 
· space 60 
.word Ox80000000 
.space 48 

/* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 

reserved * / 
reserved * 1 
reserved * 1 
reserved * 1 
region Segment selector * / 
region Segment Selector * 1 
region Segment Selector * 1 
arith . controls: inexact mask * 1 
reserved * 1 
next time slice * 1 
execution time * 1 
resumption record * 1 
global registers gO .. g14 * 1 
initial frame pointer * 1 
floating point registers * 1 

/* ---------------- initial segment table ------------------------------ */ 

.align 12 
seg_table_ptr: 

null seg () 
null_seg () 

/* ste No 
/* ste 1 No 

entry */ 
entry * / 

small_seg (sys_proc_table) 
paged_region (_pl_ region _ 0 yte, pI_region _ 0 _ size) 
paged_region (_pl_ region _1 yte, pl_ region _1_ size) 
paged_region (_p1_region_2-pte, p1_region_2_size) 
paged_reglon (_reg1oD_3_pte, reg10n 3 slze) 
port seg(d_port) 
simple_region (seg_table_ptr) 
paged_region (-p2_region_O_pte,p2_region_O_size) 
paged region( p2 region 1 pte,p2 region 1 size) 
paged=region{=p2=region=2~te'P2=region=2=size) 
small_ seg (lpcb1_ptr) 
small_seg (lpcb2ytr) 

/* ste 
/* ste 
/* ste 
/* ste 
/* ste 
/* ste 

1* ste 

1* ste 
/* ste 

1* ste 

1* ste 
/* ste 

* 1 
* 1 
* 1 
* 1 
* 1 
* 1 
* 1 

9 *1 
10 * 1 
11 * 1 
12 *1 
13 *1 

/* -------------- other misc. stuff ----------------------------------- */ 
/* these are the entries for the page tables in memory. We will allocate 

page tables for regions 0 1 and 2 for each process based on region 
size. This value will be provided at linkage time by the linker, 
and allow the second pass of the linker to create page tables of 
the appropriate size. Region 3 page tables contain entries 
for memory mapped I/O (located at physical address Oxl1000000, 
Ox12000000, Ox13000000, Ox14000000) which will be mapped to the 
corresponding linear addresses 

* 1 
.data 
· align 

_p1_reglon_O_pte: .space (p1_region_O_size+1) *64 
_p1_region_1_pte: .space (p1_reglon 1 slze+1)*64 
_p1_region_2_pte: .space (pl_reglon 2 slze+1) *64 
_p2_region_O_pte: .space (p2_reglon 0 slze+1) *64 
_p2 _region _1_pte: . space (p2 _region _1_ size+ 1) * 64 
_p2_region_2_pte: .space (p2 reg1on_2_s1ze+l)*64 

region_3_pte: . space (256*3) *4 
page_entry (Ox11000000) /* lin: Oxc0300000 */ 
page_entry (Ox12000000) /* lin: Oxc0301000 */ 
page_entry(Ox13000000) /* lin: Oxc0302000 */ 
page_entry(Ox14000000) /* lin: Oxc0303000 */ 
.space (256-4)*4 

/* the space below contains the dispatch port. This structure will be 
statically created in this module, to indicate a priority port 
with processes ready to dispatch. The entry for Priority 

*1 

/* 

a contains a head pointer to process 1 and a tail pointer to 
process 2. 

· align 
.word (1«16) 1* Priority Port * 1 
.word Oxl 1* 1 message at 0 * 1 
SS (LPCB1_st) /* Queue Head prior * 1 
SS (LPCB2 st) 1* Queue Tail prior * 1 
. space 31*2 /* Head & Tail for 1-31 

proirity entries *1 

The processor begins code execution here after reset . * 1 

. align 
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.text 
start lp: 

INITIALIZATION CODE 

/* set up an initial stack frame in memory *1 

callnext: 

Ida _intr_stack, fp 
Ida -Ox40(fp), pfp 
Ida Ox40(fp), sp 
Idconst Oxd8, r3 
st r3, 8 (p£p) 
st fp, 4 (pfp) 
call callnext 

mov 
Ida 
modac 

0, g14 
Ox3bOOlOOO, gO 
gO, gO, gO 

1* Call routine to build the Page tables in memory. The routine 
will insert all the appropriate bits (present, read/write 
privileges, etc.) into the table and then add the 
appropriate memory addresses. 

* 1 
calIx _fixytes 

1* Generate an lAC to restart the processor using the Linear PReB 

* 1 

Ida Oxff000010,gO 
Ida rstart data,gl 
synmovq gO,g1 -

.data 

.align 
rstart data: .word Ox810DOOOO 

.word seg_table_ptr 

. word Iprcb ptr 

.word 0 -

/* restart Processor lAC */ 
/* pointer to segment table *1 
1* pointer to new PReB */ 
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Ctable.lst 

0000 
0000 
0000 
0000 
0000 
0000 
0000 00000000 
0004 00000000 
0008 00000000 
OOOe 00000000 

10 0010 00000000 
11 0014 00000000 
12 0018 00000000 
13 ODIe 00000000 
14 0020 00000000 
15 0024 00000000 
16 0028 00000000 
17 002e 00000000 
18 0030 00000000 
19 0034 00000000 
20 0038 00000000 
21 003e 00000000 
22 0040 00000000 
23 0044 00000000 
24 0048 00000000 
25 004e 00000000 
26 0050 00000000 
27 0054 00000000 
28 0058 00000000 
29 DOSe 00000000 
30 0060 00000000 
31 0064 00000000 
32 0068 00000000 
33 006e 00000000 
34 0070 00000000 
35 0074 00000000 
36 0078 00000000 
37 007e 00000000 
38 0080 00000000 
39 0084 00000000 
40 0088 00000000 
41 008e 00000000 
42 0090 00000000 
43 0094 00000000 
44 0098 00000000 
45 00ge 00000000 
46 OOaO 00000000 
47 00a4 00000000 
48 00a8 00000000 
49 OOae 00000000 
50 OObO 00000000 
51 00b4 00000000 
52 00b8 00000000 
53 OObe 00000000 
54 ODeD 00000000 
55 00e4 00000000 
56 00e8 00000000 
57 OOee 00000000 
58 OOdO 00000000 
59 00d4 00000000 
60 00d8 00000000 
61 OOde 00000000 
62 OOeO 00000000 
63 00e4 00000000 
64 00e8 00000000 
65 OOee 00000000 
66 OOfO 00000000 
67 00f4 00000000 
68 00f8 00000000 
69 OO£e 00000000 

INITIALIZATION CODE 

# 1 "f table.s" 

.globl fault table 

.align 8 
fault table: 

_user override; 

ouser_trace; 

_user _ ope rat ion; 
o # 
_user _ar i thmetic; 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

_user _ real_ar i thmetic; 
o # 
user_constraint; 

_user yrotection; 
o # 
ouser_maChine: : 

_user_structural; 
o # 
_user_type; 
o 
user_reserved _llf; 

# 
_user_process; 
o 
_user_descriptor; 
o # 
_user_event; 

.word _user_reserved 

. word 0 

.word user reserved 

.word 

.word _user_reserved 

.word 

.word user reserved 

.word 

.word _user_reserved 

.word 

.word _user_reserved 

.word 

.word 

.word _user_reserved 

.word 

.word _user_reserved 

.word 

.word _user_reserved 

.word 

.word 

.word user reserved 

.word 

.word _user_reserved 

.word 

.word _user_reserved 

.word 

.word _user_reserved 

. word 0 

.word _user_reserved 

.word 

.word _user_reserved 

.word 

0·9 

Type 15 Reserved Fault Handler 

Type 16 Reserved Fault Handler 

Type 17 Reserved Fault Handler 

Type 18 Reserved Fault Handler 

Type 19 Reserved Fault Handler 

Type 20 Reserved Fault Handler 

Type 21 Reserved Fault Handler 

Type 22 Reserved Fault Handler 

Type 23 Reserved Fault Handler 

Type 24 Reserved Fault Handler 

Type 25 Reserved Fault Handler 

Type 26 Reserved Fault Handler 

Type 27 Reserved Fault Handler 

Type 28 Reserved Fault Handler 

Type 29 Reserved Fault Handler 

Type 30 Reserved Fault Handler 

Type 31 Reserved Fault Handler 



inter 

Uable.lst 

0000 
0000 
0000 
0000 
0000 
0000 00000000 
0004 
0024 00000000 
0028 00000000 
002e 00000000 

10 0030 00000000 
11 0034 00000000 
12 0038 00000000 
13 003e 00000000 
14 0040 00000000 
15 0044 00000000 
16 0048 00000000 
17 004e 00000000 
18 0050 00000000 
19 0054 00000000 
20 0058 00000000 
21 005e 00000000 
22 0060 00000000 
23 0064 00000000 
24 0068 00000000 
25 006e 00000000 
26 0070 00000000 
27 0074 00000000 
28 0078 00000000 
29 007e 00000000 
30 0080 00000000 
31 0084 00000000 
32 0088 00000000 
33 008e 00000000 
34 0090 00000000 
35 0094 00000000 
36 0098 00000000 
37 00ge 00000000 
38 OOaO 00000000 
39 00a4 00000000 
40 00a8 00000000 
41 OOae 00000000 
42 OObO 00000000 
43 00b4 00000000 
44 00b8 00000000 
45 OObe 00000000 
46 OOcO 00000000 
47 00e4 00000000 
48 00c8 00000000 
49 OOce 00000000 
50 OOdO 00000000 
51 00d4 00000000 
52 00d8 00000000 
53 OOde 00000000 
54 OOeO 00000000 
55 00e4 00000000 
56 00e8 00000000 
57 OOee 00000000 
58 OOfO 00000000 
59 00f4 00000000 
60 00f8 00000000 
61 OOfe 00000000 
62 0100 00000000 
63 0104 00000000 
64 0108 00000000 
65 010e 00000000 
66 0110 00000000 
67 0114 00000000 
68 0118 00000000 
69 011e 00000000 
70 0120 00000000 
71 0124 00000000 
72 0128 00000000 
73 012e 00000000 

INITIALIZATION CODE 

1 "i table.s" 

.globl intI~table 

· align 
intr_table: 

· word a -# Pending Priorities 
.fill 8,4,0 -# pending Interrupts 4 + (0->7)*4 

interrupt table entry 8 
interrupt table entry 
interrupt table entry 10 
interrupt table entry 11 
interrupt table entry 12 
interrupt table entry 13 

.word user intrh: # 

.word _user_intrh; -# 

.word _user_intrh; -# 

.word _user_intrh; -# 

.word _llser_intrh; 

.word _llser_intrh; 

.word user_intrh; 

.word user_intrh; 
· word _user_intrh; 
· word _user_intrh; 
.word _user_intrh; 
· word _user_intrh; 
· word user_intrh; 
· word user_intrh; 
· word user_intrh; 
· word user_intrh; 
.word user_intrh; 
.word _user_intrh; 
.word user_intrh; 
.word user_intrh; 
.word _user_intrh; 
.word user_intrh; 
.word user_intrh; 
.word user_intrh; 
· word _user_intrh; 
.word _llser_intrh: 
.word _user_intrh: 
.word user_intrh; 
.word user_intrh; 
.word user_intrh: 
.word _user_intrh: 
.word _user_intrh; 
.word _user_intrh: 
.word _llser_intrh: 
.word _user_intrh; 
· word user _ int rh; 
· word user _ intrh; 
.word _user_intrh; 
.word _user_intrh; 
· word _user_intrh; 
· word _user_intrh; 
.word _user_intrh; 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh; 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _llser_intrh: 
.word _user_intrh: 
· word _us'er_intrh: 
.word _user_intrh: 
.word _user_intrh: 
· word _user_intrh; 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh; 
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interrupt table entry 14 
#- interrupt table entry 15 
#: interrupt table entry 16 
#- interrupt table entry 17 
#: interrupt table entry 18 
-# interrupt table entry 19 
#- interrupt table entry 20 
#- interrupt table entry 21 
#- interrupt table entry 22 
#- interrupt table entry 23 
#- interrupt table entry 24 
#- interrupt table entry 25 
#- interrupt table entry 26 
#- interrupt table entry 27 
#- interrupt table entry 28 
#- interrupt table entry 29 
#: interrupt table entry 30 
#- interrupt table entry 31 
#- interrupt table entry 32 
-# interrupt table entry 33 

interrupt table entry 34 
interrupt table entry 35 
interrupt table entry 36 
interrupt table en-try 37 
interrupt table entry 38 
interrupt table entry 39 
interrupt table entry 40 
interrupt table entry 41 
interrupt table entry 42 

#- oj nt_errupt table entry 43 
#- interrupt table entry 44 
#- interrupt table entry 45 
-# interrupt table entry 46 
-# interrupt table entry 47 
-# interrupt table entry 48 
-# interrupt table entry 49 
#: interrupt table entry 50 
#- interrupt table entry 51 
#- interrupt table entry 52 
-# interrupt table entry 53 
-# interrupt table entry 54 
#: interrupt table entry 55 
# interrupt table entry 56 
#- interrupt table entry 57 
#- interrupt table entry 58 
# interrupt table entry 59 
# interrupt table entry 60 
# interrupt table entry 61 
# interrupt table entry 62 
#: interrupt table entry 63 
# interrupt table entry 64 
# interrupt table entry 65 
# interrupt table entry 66 
#: interrupt table entry 67 
# interrupt table entry 68 
#: interrupt table entry 69 
-# interrupt table entry 70 
#: interrupt table entry 71 
# interrupt table entry 72 
# interrupt table entry 73 
# interrupt table entry 74 



74 0130 00000000 
75 0134 00000000 
76 0138 00000000 
77 013e 00000000 
78 0140 00000000 
79 0144 00000000 
80 0148 00000000 
81 014e 00000000 
82 0150 00000000 
83 0154 00000000 
84 0158 00000000 
85 015e 00000000 
86 0160 00000000 
c'7 0164 OU0UOOUO 

88 0168 00000000 
89 016e 00000000 
90 0170 00000000 
91 0174 00000000 
92 0178 00000000 
93 017e 00000000 
94 0180 00000000 
95 0'84 00000000 
96 0188 00000000 
97 Ol8e 00000000 
98 a i 90 00000000 
99 0194 00000000 

100 0198 00000000 
101 01ge 00000000 
102 01aO 00000000 
103 Ola4 00000000 
104 01a8 00000000 
105 alae 00000000 
106 01bO 00000000 
107 01b4 00000000 
108 01bS 00000000 
109 01be 00000000 
110 OleO 00000000 
111 Olc4 00000000 
112 DIeS 00000000 
113 01ec 00000000 
114 DIdO 00000000 
115 01d4 00000000 
116 01dS 00000000 
117 01de 00000000 
118 OleO 00000000 
119 Ole4 (10000000 
120 01e8 00000000 
121 01ee 00000000 
122 OlfO 00000000 
123 01f4 00000000 
124 01fB 00000000 
125 Olfe 00000000 
126 0200 00000000 
127 0201 00000000 
128 0208 00000000 
129 020e 00000000 
130 0210 00000000 
131 0214 00000000 
132 0218 00000000 
133 D21c nOODOOOD 
134 0220 ",,000000 
135 0224 ooaooooo 
136 0228 00000000 
137 022e 00000000 
138 0230 00000000 
139 0234 00000000 
140 0238 00000000 
141 023c 00000000 
142 0240 00000000 
143 0244 00000000 
144 0248 00000000 
145 024c 00000000 
146 0250 00000000 
147 0254 00000000 
148 0258 00000000 
149 025c 00000000 
150 0260 00000000 

INITIALIZATION CODE 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 

.word 
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interrupt ta.ble entry 75 
interrupt tAble entry 76 
interrupt table entry 77 
interrupt table entry 78 
interrupt table entry 79 
interrupt tab~e entry 7() 
interrupt tdb 1 e entry /1 
interrupt table er~try ·/2 
interrllpt tab 1 e ~'Tlt- ry 7:3 
interrupt table etltry 74 
interrupt tablo ('r\t~y 75 
interrupt rablp ~ntry 76 
interrupt tab2 e r y 
interrupt tab~e e~try 

interrupt table er:t TY 19 
interrupt i,able enLLY 
int errupt ta:b 1 e ent:ry 
inlerrupt table entry 
inLerrupt table entry 83 
interrupt table entry 84 
interrt"..pt table entry 8~ 

in"L-errupt table entry 86 
lnterrup"L- table entry 
interr~pt tab~e entry 88 
inte crupt table £.'ntry 89 
interrupt table entry 
interrupi~ table entry 
interrupL table entry 
interrup"L table entry 93 
interrupt table entry 94 
interrupt table entry 95 
interrupt table entry 
interrupt table entry 
interrupt table entry 98 
interrupt table entry 99 
interrup~ table entry ~O() 

interrupt table entry lOl 
interrupt table entLY 1G2 
interrupt table er.try 103 
interrupt t~able entry 1C4 
interrupt table entry 10') 

interrupt table entry 106 
interrupt table entry lC7 
interrupt table ent ry 108 
interrupt tabIe er.t ry 109 
interrupt table entrv ] ~ 0 
interrupt table entry 11=­
lnter:rupt t_able entry 112 
interrupt table en:.ry 1i3 
interrupt table entry 114 
interrupt table ent:>:::y 115 
interLlpt "(able entry 116 
interLlpt table ent ry 11 7 
interrupt table en~ry 118 
interrupt table enLry 119 
interrupt table entry 120 
interr'Jpt table ent.ry 121 
interrupt "L-able entry 122 
interrupt table entry 123 
interrupt tabie entry 124 
interrupt t~ble entry 125 
interrupt table entry 120 
inLerrupt table entry 
interrupt table entry 128 
interrupt table er.try 129 
interrupt table entry 130 
interrupt table entry 131 
interrupt table entry 132 
interrupt table entry 133 
interrupt table entry 13~ 
interrupt table entry 135 
interrupt table entry 136 
interrupt table entry 137 
intercclpt table entry 138 
interrupt table entry 139 
interrupt table entry 140 
interrupt table entry 14: 



151 0264 00000000 
152 0268 OO~OOOOO 
153 026c 00000000 
154 0270 00000000 
155 0274 00000000 
156 0278 00000000 
157 027c 00000000 
158 0280 00000000 
159 0284 00000000 
160 0288 00000000 
161 028c 00000000 
162 0290 00000000 
163 0294 00000000 
164 0298 00000000 
165 029c 00000000 
166 02aO 00000000 
167 02a4 00000000 
168 02a8 00000000 
169 02ac 00000000 
170 02bO 00000000 
171 02b4 00000000 
172 02b8 00000000 
173 02bc 00000000 
174 02cO 00000000 
175 02c4 00000000 
176 02c8 00000000 
177 02cc 00000000 
178 02dO 00000000 
179 02d4 00000000 
180 02d8 00000000 
181 02dc 00000000 
182 02eO 00000000 
183 02e4 00000000 
184 02e8 00000000 
185 02ec 00000000 
186 02fO 00000000 
187 02f4 00000000 
188 02f8 00000000 
189 02fc 00000000 
190 0300 00000000 
191 0304 00000000 
192 0308 00000000 
193 030c 00000000 
194 0310 00000000 
195 0314 00000000 
196 0318 00000000 
197 031c 00000000 
198 0320 00000000 
199 0324 00000000 
200 0328 00000000 
201 032c 00000000 
202 0330 00000000 
203 0334 00000000 
204 0338 00000000 
205 033c 00000000 
206 0340 00000000 
207 0344 00000000 
208 0348 00000000 
209 034c 00000000 
210 0350 00000000 
211 0354 00000'000 
212 0358 00000000 
213 035c 00000000 
214 0360 00000000 
215 0364 00000000 
216 0368 00000000 
217 036c 00000000 
218 0370 00000000 
219 0374 00000000 
220 0378 00000000 
221 037c 00000000 
222 0380 00000000 
223 0384 00000000 
224 0388 00000000 
225 038c 00000000 
226 0390 00000000 
227 0394 00000000 

INITIALIZATION CODE 

.word _user_intrh; 

.word _user_intrh; 

.word _user_intrh; 

.word _user_intrh; 

.word _user_intrh; 

.word user intrh; 

.word =user=intrh; 

.word _user_intrh; 

.word _user_intrh; 

.word _user_intrh; 

.word _user_intrh; 

.word user intrh; 

.word =user=intrh; 
,word _user_intrh: 
.word user intrh; 
.word =user=intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word user intrh; 
.word =user=intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh: 
.word _user_intrh; 
.word user intrh: 
.word =user=intrh; 
.word _user_intrh: 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word user intrh; 
.word =user=intrh: 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
. word _user_intrh; 
. word _user_intrh; 
.word _user_intrh: 
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* interrupt table entry 142 * interrupt table entry 143 * interrupt table entry 144 * interrupt table entry 145 
"* interrupt table entry 146 * interrupt table entry 147 * interrupt table entry 148 

* * * * * * * * * * * * * * * * * * # 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
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* * * * * * * * * # 
# 

* # 

* * * * * # 

* * * * * # 
# 
# 
# 
# 
# 
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* # 
# 

interrupt table entry 149 
interrupt table entry 150 
interrupt table entry 151 
interrupt table entry 152 
interrupt table entry 153 
interrupt table entry 154 
interrupt table entry 155 
interrupt table entry 156 
interrupt table entry 157 
interrupt table entry 158 
interrupt table entry 159 
interrupt table entry 160 
interrupt table entry 161 
interrupt table entry 162 
interrupt table entry 163 
interrupt table entry 164 
interrupt table entry 165 
interrupt table entry 166 
interrupt table entry 167 
interrupt table entry 168 
interrupt table entry 169 
interrupt table entry 170 
interrupt table entry 171 
interrupt table entry 172 
interrupt table entry 173 
interrupt table entry 174 
interrupt table entry 175 
interrupt table entry 176 
interrupt table entry 177 
interrupt table entry 178 
interrupt table entry 179 
interrupt table entry 170 
interrupt table entry 171 
interrupt table entry 172 
interrupt table entry 173 
interrupt table entry 174 
interrupt table entry 175 
interrupt table entry 176 
interrupt table entry 177 
interrupt table entry 178 
interrupt table entry 179 
interrupt table entry 180 
interrupt table entry 181 
interrupt table entry 182 
interrupt table entry 183 
interrupt table entry 184 
interrupt table entry 185 
interrupt table entry 186 
interrupt table entry 187 
interrupt table entry 188 
interrupt table entry 189 
interrupt table entry 190 
interrupt table entry 191 
interrupt table entry 192 
interrupt table entry 193 
interrupt table entry 194 
interrupt table entry 195 
interrupt table entry 196 
interrupt table entry 197 
interrupt table entry 198 
interrupt table entry 199 
interrupt table entry 200 
interrupt table entry 201 
interrupt table entry 202 
interrupt 
interrupt 
interrupt 
interrupt 

table entry 203 
table entry 204 
table entry 205 
table entry 206 

interrupt table entry 207 
interrupt table entry 208 



228 0398 00000000 
229 039c 00000000 
230 03aO 00000000 
231 03a4 00000000 
232 03a8 00000000 
233 03ac 00000000 
234 03bO 00000000 
235 03b4 00000000 
236 03b8 00000000 
237 03bc 00000000 
238 03cO 00000000 
239 03c4 00000000 
240 03c8 00000000 
241 03cc 00000000 
242 03dO 00000000 
243 03d4 00000000 
244 03d8 00000000 
245 03dc 00000000 
246 03eO 00000000 
247 03e4 00000000 
248 03e8 00000000 
249 03ec 00000000 
250 03fO 00000000 
251 03f4 00000000 
252 03f8 00000000 
253 03fc 00000000 
254 0400 00000000 
255 0404 00000000 
256 0408 00000000 
257 040c 00000000 
258 0410 00000000 
259 0414 00000000 
260 0418 00000000 
261 041c 00000000 
262 0420 00000000 
263 0424 00000000 
264 0428 00000000 
265 042c 00000000 
266 0430 00000000 
267 0434 00000000 
268 0438 00000000 
269 043c 00000000 
270 0440 00000000 
271 0444 00000000 
272 0448 00000000 
273 044c 00000000 
274 0450 00000000 

INITIALIZATION CODE 

· word _user intrh: 
· word user_intrh: 
· word _user_intrh: 
· word _user_intrhi 
· word _user_intrh: 
· word _user_intrh: 
.word user_intrh: 
.word user_intrhi 
· word user_intrhi 
· word user_intrh: 
.word _user_intrh; 
.word user_intrh; 
.word user_intrh; 
.word _user_intrh: 
· word user _ intrh; 
· word user _ intrh; 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh: 
· word user _ intrh; 
.word user intrh; 
.word =user=intrh: 
.word _user_intrh: 
.word _user_intrh: 
.word _user_intrh; 
.word user intrh; 
.word =user=intrh; 
.word _llser_intrh: 
.word _llser_intrh; 
.word _user_intrh: 
.word user intrh; 
.word _user=intrh; 
.word _user_intrh; 
.word _llser_intrhi 
.word _user_intrhi 
.word _user_intrhi 
· word _user_intrhi 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrhi 
.word _user_intrh; 
.word _user_intrh; 
.word _user_intrhi 
.word _user_intrh 
.word _user_intrh 
.word _user_intrh 
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inter INITIALIZATION CODE 

initial _frame. 1st 

a 0000 # 1 "initial frame.s" 
1 0000 
2 0000 
3 0000 
4 0000 
5 0000 
6 0000 
7 0000 

0000 
0000 

10 0000 
11 0000 
12 0000 

13 0000 .data 
14 0000 00000000 · word 
15 0004 80000010 .word Ox80000010 
16 0008 00000000 · word 0 
17 aOOe · space 13*4 
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INITIALIZATION CODe 

macs.m4 

1* 
* some macros for building 80960 data structures. 
* 1 

1* 
* S5 (ste) ==> construct an SS. 

* 1 

define ('55' , '.word (($1)«6) I Ox3f;') 

1* 
* slmple reglon{addr) ==> build seg. table for simple region. 

* 1 

define ('simple region' I 

· space 
· word $1 1* MUST be page-aligned */ 
.word OxOOfcOOa3;') 

1* 
* paged_region(addr,size) ==> build seg. table for paged region. 

addr ==> PTE address 
size ==> encoded size 

* 1 

define ('paged_reglon' , 
.space 8 
.word $1 
.word (($2)«18) 

1* 

1* MUST be 64-byte aligned 
Ox5;' ) 

* 1 

* bipaged_region(addr,size) ==> build seg. table for bipaged region. 
addr ==> PTD address 
Slze ==> encoded size 

* 1 

define ('bipaged_region', , 
· space 8 
.word $1 
.word (($2)«18) 

1* MUST be 64-byte aligned 
Ox7;' ) 

1* 
* page_entry (addr) ==> build page table entry 

addr ==> physical address 
*1 

define('page_entry', ' 
.word ((SI) OxC7);') 

1* 
* small seg(addr) ==> build seg. table for a small segment 
* 1 

define ('small seg', 
· space 8 
.word $1 
.word (Ox3f«18) 

1* 

/* MUST be page-aligned */ 
Oxfb;' ) 

* port seg(addr} ==> build seg. table for a port segment 

* 1 

deflne ('port seg', 
· space 
.word $1 /* MUST be 64-byte aligned */ 

1* 
1* 

.word Ox204000fb;') 

* null seg() ==> a null segment table entry 
*1 

define ('null_seg', '. space 16;') 
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inter INITIALIZATION CODe 

Chandle.c 

user_override () 

user_arithmetic () 

{} 

{} 

{} 

user_real_arithmetic() {} 
user_constraint () 
user_vm() 
user_protection () 
user_structural () 
user_type () 

user_process () 
user_descriptor () 
user_event () 
user_reserved () 
user_operation () 
user_machine () 

user intrh () 
{ 

} 

fixJ)te.c 

/* 

{} 

{} 

{} 

{} 

{} 

{} 

{} 

{} 

{} 

{} 

{} 

{} 

This module "fills in" the appropriate page table entries 
with the physical address (obtained at link time) and the 
page table attributes. These tables are built by the 
processor before the processor goes into "linear mode" 

* / 
extern unsigned long pI_reg 0 PA; 
extern unsigned long pl._re9_1_PA; 
extern unsigned long pl re9_2_ PA; 
extern unsigned long re9_3_PA; 
extern unsigned long pl _reg_O_ len; 
extern unsigned long pl_reg_l_len; 
extern unsigned long pI_reg 2 len: 
extern unsigned long reg_3_ len; 
extern unsigned long pl_region_Oyte; 
extern unsigned long pl_region_lyte; 
extern unsigned long pl_region_2_pte; 
extern unsigned long region_3_pte; 
extern unsigned long p2_reg_O_PA; 
extern unsigned long p2_reg_I_PA; 
extern unsigned long p2 reg 2 PA; 
extern unsigned long p2_reg_O_len: 
extern unsigned long p2_reg_l_len: 
extern unsigned long p2 _ reg_ 2 _len: 
extern unsigned long p2_region_Oyte: 
extern unsigned long p2_region_l_pte; 
extern unsigned long p2 reglon_2_pte; 

fixytes () 
{ 

unsigned long i, *pte_ptr, pa_addr; 

1* build page table entries for region *1 
pa addr ~ (unsigned long) &pl reg 0 PA; 
pte ptr = &pl region ° pte: - --
for-(l=O;l< (~nslgned long) &pl reg 0 lenil+=OxlOOO) 

pa addr 
pte_ptr 

*pteytr++ = pa_addr I OXC7; - /* present, userlsupervisor r/w *1 
pa_addr += Oxl000; 
} 
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INITIALIZATION CODE 

for (i=O:i< (unsigned long) &p2 reg a len;i+=DxlOOO) { 
*pte_ptr++ = pa_addr I OxC7; ~ 1* present, user/supervisor r/w */ 
pa_addr += DxlOOD; 
) 

/* build page table entries for region 1 */ 
pa_addr = (unsigned long) &pl_re9_1_PA; 
pte-ptr = &pl_region_l_pte; 
for (i=O;i< (unsigned long) &pl_re9_1_1en;i+=OxlOOO) 

*pte_ptr++ = pa_addr I OXC7; /* present, user/supervisor r/w */ 
pa_addr += OxlOOD; 
) 

pa_addr = (unslgned long) &p2 reg_I_PA; 
pte~tr = &p2_region_l_pte; 
for (i=D;i< (unsigned long) 

*pte_ptr++ = pa_addr 
pa_addr += OxlOOO; 
) 

/* build page table entries for region 2 *1 
pa_addr = (unsigned long) &pl_reg 2 PAl 
pte_ptr = 

for (i=O;i< &pl_re9_2_1en;i+=OxlOOO) 

user/supervisor r/w */ 

*pte_ptr++ = pa_addr I OxC7: /* present, user/supervisor r/w */ 
pa_addr += OxIOOO: 
) 

pa_addr = (unsigned long) &p2 reg 2 PA; 
pte~tr = &p2_region_2_pte: 
for (i=O;i< (unsigned long) i+=OxlOOO) { 

*pte_ptr++ = pa_addr /* present, user/supervisor r/w */ 
pa_addr += OxIOOO; 
) 

/* build page table entries for region 3 */ 
pa addr = (unslgned long) &reg_3_PA: 
pte~tr = &region 3 pte: 
for (i=O;i< (unsign~d long) i+=OxIOOO) { 

*pte ytr++ = pa addr 
pa_addr += OxlOOO: 
) 

/* present, user/supervisor r/w */ 
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inter 

prog1.c 

#include "vIed. h" 

main () 
{ 

int i, j,k; 
while (1) 

{ 

VLED (Green, OFF): 
for (i""O: 1<500000: i++) 

k~j ; 
VLED (Green, ON); 
for (i=O: i<500000; i++) 

k~j ; 

VLED (color, state) 
lnt color, state; 

volatile unsigned char *ptr: 

INITIALIZATION CODE 

canst int addr "" CSRC_ADDR; 
unsigned char data: 
ptr == (unsigned char *) addr: 
data ~ *ptr; 1* get current status *1 
if (color "'''''' Green) 

data ~ (data & Oxbf) (state « 6) ; 

else 1* Yellow *1 
data (data & Ox7f) (state « 7) ; 

*ptr ~ data; 1* write with LED * I 
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prog2.c 

#include IIv l e d,h" 

main2 () 
{ 

int i,j,k; 

while (1) 
{ 

VLED2 (Yellow, OFF); 
for (i=O;i<lOOOOOO;i++) 

k~j; 

VLED2 (Yellow, ON); 
for (i~O;i<lOOOOOO;i++) 

k~j; 

VLED2 (color, state) 
int color, state; 

volatile unsigned char *ptr; 

INITIALIZATION CODE 

canst int 
unsigned char 

addr ~ CSRC_ADDR; 
data; 

#ifndef SIM 

#endif 
) 

Jed.h 

#define 
#define 
#define 
#define 
#define 

ptr = (unsigned char *) addr; 
data = *ptr; 
if (color == Green) 

data ~ (data & Oxbf) 
else I'll' Yellow */ 

data (data & Ox7f) 
*ptr == data; 

ON 
OFF 
CSRC_ADDR Ox14000004 
Green 1 
Yellow 

1* get current status * / 

(state « 6); 

(state « 7); 
/* write with LED * I 
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pass1.ld 

/* command file for "pass 111 of building a "linear" system. 
* / 

MEMORY 
{ 

SECTIONS 
{ 

l_reg_O 
l_reg_l 
1 reg 2 
(~reg=) 

.text 

GROUP 

vreg2 

reg3 

pass1a.ld 

org 
org 
org 
org 

OxOOOOOOOO, len 
Ox40000000, len 
Ox80000000, len 
OxCOOOOOOO, len 

.data : {} 

.bss {} 
> l_reg_l 

initial_frame.o 
> 1_reg_2 

intr stack 
-:- += OxlOOO; 
f_handle.o 
f_table.o 
i_handle.o 
i_table.o 

} > 1_reg_3 

OxlOOOO 
OxlOOOO 
OxlOOOO 
OxlOOOO 

1* reserve one page for into stack */ 

1* command file for "pass 1" of building a "linear" system. 
* / 

MEMORY 
{ 

l_reg_O 
l_reg_l 
1_re9_2 

SECTIONS 
{ 

.text 

GROUP 

vreg2 

org OxOOOOOOOO, len 
org Ox40000000, len 
org Ox80000000, len 

.data : {} 
/*.=align{OxlO); */ 
.bss {) 

> l_reg_l 

initial frame.o 
> 1_re9_2 

OxlOOOO 
OxlOOOO 
OxlOOOO 

0·20 
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pass2.1d 

/* command file for "pass 2" of building a ROM system 
* without RTK. 
* I 

MEMORY 
{ 

SECTIONS 
{ 

image 

GROUP 
{ 

origin OxO, length 

startup 

procl 

proc2 

Ox400000 

startup.o 
fix_pte.o 
· = align{OxlOOO): 

align (OxlOOO); 

_pl_reg_l_PA 
lin1 (. data) 
lin1 (.bssl 
· : align(OxlOOO): 
_pl_re9_2_PA = 0: 
lin1 (vreg2) 
· = align{OxlOOO); 
_re9_3_PA = .; 

lin1 (reg3) 
• = align(OxlOOO); 
re9_3_end = .; 

_pl_re9_0_1en 
_pl_ reg_I_len 
_pl_re9_2_1en 

re9_3_1en 

_pl_re9_1_PA - -pl_reg_O_PA: 
_pl_re9_2_PA - _pl_re9_1_PA; 
_re9_3_PA - -pl_re9_2_PA: 

re9_3_end - reg_3_PA: 

• = align(OxlOOO); 
_p2_reg_O_PA = .; 

1in2 (.text) 
• = align(OxlOOO): 
_p2_reg_l_PA ., 
1in2 (.data) 
1in2 (.bss) 
• = align(OxlOOO): 
y2_re9_2_PA = .; 
1in2 (vreg2) 
• = align(OxlOOO); 
_p2_reg_2_end ., 

_p2_reg_O_len 
_p2_reg_l_len 
_p2_reg_2_1en 

0-21 

_p2_reg 1 PA - _p2_reg_O_PA; 
_p2_reg_2_PA - -p2_reg_l_PA; 
_p2_reg_2_end - _p2_reg_2_PA; 
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APPENDIX E 
CONSIDERATIONS FOR WRITING PORTABLE SOFTWARE 

This appendix describes those parts of the 80960MC design that are implementation depend­
ent. This information is provided to facilitate the design of programs and kernel code that will 
be portable to other implementations of the 80960MC architecture. 

ARCHITECTURE RESTRICTIONS 

The following aspects of the 80960MC processor's operation are deviations from the 
80960MC architecture: 

1. Only the low-order 16 bits of the next-time-slice and residual-time-slice fields in the PCB 
are used. The upper 16 bits are ignored. 

2. The minimum value that can be placed in the next-time-slice field is 16 (ticks). Assigning 
it a value less than 16 can result in endless loops. 

3. When the addressing mode is set to physical, the inspacc and ldphy instructions have an 
undefined effect. 

4. On all bus write operations except those of the synmov, synmovl, and synmovq instruc­
tions, the processor ignores the BADAC pin (Le., errors signaled on "normal" writes are 
ignored). 

5. The check for out-of-range input values for the expr, exprl, logepr, and logeprl instruc­
tions is omitted; out-of-range inputs yield an undefined result. 

6. Bits 5 and 6 of a machine-level instruction word in the REG and MEMB formats and bits 
o and 1 of the CTRL format are provided to designate special function registers. The 
80960MC processor has no special function registers. 

7. The 80960MC processor does not guarantee that the value in register r2 of the current 
frame is predictable. 

8. (The following is a note rather than a restriction.) When using the REG-format instruc­
tions, the m bit for every operand that is not defined by the instruction should be set (e.g., 
code the unused operand as an arbitrary literal). This practice may reduce overhead in 
some situations. 

SALIGN PARAMETER 

Stack frames in the 80960MC architecture are aligned on (SALIGN*16) byte boundaries. 
SALIGN is an implementation defined parameter. For the 80960MC processor, SALIGN is 4. 
Stack frames for this processor are thus aligned on 64 byte boundaries. 

The low-order N bits of the FP are ignored and always interpreted to be zero. The N parameter 
is defined by the following expression: SALIGN*16 = 2N. Thus for the 80960MC processor, 
N is 6. 
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CONSIDERATIONS FOR WRITING PORTABLE SOFTWARE 

BOUNDARY ALIGNMENT 

The physical-address boundaries on which an operand begins has an impact on processor 
performance. For the 80960MC processor, the following is true: 

• An operand that spans more word boundaries than necessary (e.g., addressing a 32-bit 
operand on a nonword boundary) suffers a moderate cost in speed because of extra bus 
and memory cycles. 

• An operand that spans a 16-byte boundary suffers a large cost in speed. 

• String operands that begin on non word boundaries suffer a moderate cost in speed. String 
operands that begin on word boundaries but not on 16-byte boundaries suffer a small cost 
in speed. 

FAULTS 

As described in Chapter 12, the processor enters the stopped state when a fault is detected 
while trying to invoke a procedure as the result of a system-error interrupt. When the proces­
sor enters the stopped state in this circumstance, it asserts the FAILURE pin. 

The size of resumption records conditionally placed on the stack during faults and interrupts is 
16 bytes. 

PHYSICAL MEMORY 

The upper 16M bytes of physical memory are reserved for special functions of local-bus 
components, lACs, and the BXU. 

lACS 

The mechanism for sending, recelvmg, and handling lAC messages is not defined in the 
80960MC architecture. It is a special implementation of the 80960MC processor. 

The write-external-priority flag in the processor controls is not defined in the 80960MC ar­
chitecture. 

TIMING 

A tick is defined for the 80960MC processor as 256 external clock periods (128 internal clock 
periods). Thus, for a 16-MHz processor (32-MHz external clock), a tick is 8 microseconds. 
For a 20-MHz processor, a tick is 6.4 microseconds. 

The frequency at which an idle processor checks the dispatch port is implementation depend­
ent. For the 80960MC processor, it is approximately once every tick. 

The frequency at which a processor updates the idle-time field in the processor controls when it 
is counting idle time is also implementation dependent. For the 809BASE processor, it is 
approximately once every 32 ticks. 
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inter CONSIDERATIONS FOR WRITING PORTABLE SOFTWARE 

When the processor is spinning on a lock (e.g., when executing a send, receive, or signal 
instruction), the frequency at which the processor tries the lock is implementation dependent. 
For the 80960MC processor, it is once every tick until it is able to lock it. Provided that the 
execution timer and end-of-time-slice event are enabled, the process may eventually be 
suspended. When redispatched, it will resume execution within the instruction and the locking 
operation will be retried. In the other circumstances where a processor needs to lock a data 
structure and it is already locked, it will try the lock approximately once every tick until it can 
lock the data structure. 

INTERRUPTS 

The interrupt lAC message, the interrupt pins, and the interrupt register are not defined in the 
80960MC architecture. They are special implementations for the 80960MC processor. 

INITIALIZATION 

The 80960MC architecture does not define an initialization mechanism. The initialization 
mechanism and procedures described in this manual are implementation dependent for the 
80960MC processor. 

MULTIPROCESSOR PREEMPTION 

The mUltiprocessor preemption mechanism described in Chapter 15 is implementation depend­
ent for the 80960MC processor. Also, the write external priority flag and the interim priority 
field in the processor controls are implementation dependent. 

BREAKPOINTS 

The breakpoint registers in the 80960MC processor are not defined in the 80960MC architec­
ture. 

IMPLEMENTATION DEPENDENT INSTRUCTIONS 

The synmov, synmovl, synmovq, and synld instructions are not defined in the 80960MC 
architecture and are implementation dependent in the 80960MC processor. 

LOCK PIN 

The LOCK pin is not defined in the 80960MC architecture and is implementation dependent in 
the 80960MC processor. 
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80960 Architecture 
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debugging and monitoring 2-5 
efficient interrupt model 2-3 
efficient procedure call mechanism 2-4 
extensions included in 80960MC proces-

sor 2-5 
fault handling capability 2-4 
instruction cache 2-2 
load and store model 2-2 
local register sets 2-2 
overview of 2-1 
parallel instruction execution 2-3 
register scoreboarding 2-3 
simplified programming environment 

2-4 
single clock instructions 2-3 
special function registers 2-5 
versatile instruction set and addressing 

2-4 

Abase 5-7 

Absolute addressing mode, description of 
5-7 

AC.cc 17-3 

Access status field 8-10 

Accessed flag 8-10 

Add instructions 6-8 

Add with Carry Instruction 6-8 

addc 6-8, 17-6 

addi, addo 6-8, 17-7 

addr, addrl 7-17,17-8 

addr, notation 17-2 

INDEX 

1-1 

Address space 
address space boundaries 8-25 
of process 13-1 
partitioning of 3-10 
process state 13-1 
regions 3-10 
typical use of 3-10 

Address translation modes 
addressing mode flag 9-7 
changing 9-12 
consequences of changing 9-12 
description of 9-12 
physical addressing mode 9-14 
physical vs. virtual 8-1 
treatment of SS's 9-12 
virtual addressing mode 9-14 

Addressing mode flag 8-1, 9-7 

Addressing modes, used in instructions 
abase 5-7 
absolute 5-7 
description of 5-6 
index 5-7 
index with displacement 5-7 
IP with displacement 5-7 
register indirect 5-7 
register indirect with index 5-7 
scale factor 5-7 

alterbit 6-10,7-15,17-10 

Altered flag 8-10 

and, and not 6-10, 17-11 

Architecture 
See 80960 Architecture 

Arithmetic controls 
arithmetic status field 3-8 
changing of 13-9 
condition code flags 3-7 
description of 3-6 
fault masks and flags 12-12 
floating-point flags and masks 3-9 
floating-point normalizing mode flag 

3-9 
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floating-point rounding control field 
3-9 

functions of bits 3-7 
in PCB 3-6, 13-5 
initializing 3-6 
integer-overflow flag and mask 3-8 
modify arithmetic controls instruction 

6-17 
modifying 3-6 
no imprecise faults flag 3-9, 12-22 
process state 13-1 
saving and restoring 3-7 
structure of 3-6 
use with conditional receive 14-17 

Arithmetic faults 12-25 

Arithmetic status field 7-11, 7-17 
description of 3-8 

Arithmetic zero-divide fault 12-2, 12-25, 
17-59,17-64,17-90 

atadd 6-6,6-16,15-7,17-12 

ataor, ataorl 7-18,17-13 

atmod 6-6,6-16,15-7,17-15 

Atomic operations 
atomic instructions 6-16, 15-6 
description of 8-2 

Automatic process dispatching 
description of 14-10 
dispatching action 14-10 
process suspension 14-11 
scheduling instructions 14-10 
self dispatching 2-7 
time slice scheduling 14-11 

B 
b 6-13,17-16 

Bad access fault 12-2,12-31 

bal, balx 4-15,6-13,16-4,17-18 

bbc, bbs 6-14,17-20 

BCL C-2 

be, bg, bge 6-13,17-22 

Biased exponent 7-3,7-4 

INDEX 
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Bipaged region segment descriptor 8-12 

Bits and bit fields 
bit addressing 5-5 
bit field instructions 6-11 
bit operation instructions 6-10 
description of 5-4 

bl, ble, boe 6-13,17-22 

boo, bo 6-13,7-17,17-22 

Branch and link 
description of 4-15 
instructions 6-13 

Branch trace 
event flag 16-2 
fault 12-2, 12-37 
mode 16-4 
mode flag 16-2 

Breakpoint registers 
description of 16-5, 16-6 
set breakpoint register lAC 11-20,16-5 

Breakpoint trace 
event flag 16-2 
fault 12-2,12-37,17-73,17-88 
mode 16-5 
mode flag 16-2 

Bus control logic 
SeeBCL 

Bus extension unit 
See M82965 

bx 6-13,17-16 

Byte addressing 5-5 

Byte string, description of 5-4 

c 
Caching of memory accesses 

cacheable flag 8-10 
description of 8-3 

call 4-8,6-15,12-11,16-4,17-25 

Call instructions 6-15 

Call trace 
event flag 16-2 
fault 12-2, 12-37 
mode 16-4 
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mode flag 16-2 

calls 4-10,4-14,6-15, 12-7, 14-18, 16-3, 
16-5, 17-27 

calix 4-8,6-15,12-7,12-11,16-4,17-29 

Check bit and branch instructions 6-14 

Check dispatch port flag 9-7,10-10,14-15 

Check process notice lAC 11-5, 12-13, 
12-28,13-6, 13-9 

Check-sum words 9-17,9-21 

chkbit 6-10,7-15,17-31 

c1assr, c1assrl 7-11,7-17,7-20, 17-32 

Clear, definition of 1-4 

c1rbit 6-10,17-34 

cmpdeci,cmpdeco 6-12,17-36 

cmpi 6-11,17-35 

cmpibe, cmpibne, cmpibl, cmpible, 
cmpibg, cmpibge, cmpibo, 
cmpibno 6-14,17-44 

cmpinci, cmpinco 6-12,17-37 

cmpo 6-11,17-35 

cmpobe, cmpobne, cmpobl, cmpoble, 
cmpobg, cmpobge 6-14,17-44 

cmpor, cmporl 7-17,17-38 

cmpr, cmprl 7-17,17-40 

cmpstr 6-19,17-42 

Communication port 
description of 14-1,14-10,14-15 
instructions 6-18 
send service instruction 14-10 
structure of 14-16 
use of 14-12 

Compare and branch instructions 6-14 

Compare and decrement instructions 6-12 

Compare and increment instructions 6-12 

Compare instructions 6-11 

concmpi, concmpo 6-11,17-47 

Condition code 
See Condition code flags 

Condition code flags 
description of 3-7 
in floating-point compare instructions 

7-17 

INDEX 

1-3 

in floating-point operations 7-11,7-17 
in test instructions 6-14 
modification of 6-17 

condition code scoreboarding C-12 

Conditional branch instructions 6-13 

Conditional compare instructions 6-11 

condrec 6-18,10-5,14-17,17-48 

condwait 6-18, 14-13, 17-50 

Constraint faults 12-26 

Constraint range fault 12-2, 12-26, 17-69 

Contents fault 12-2, 12-39 

Continue initialization lAC 11-6 

Control fault 12-2, 12-36 

cosr, cosrl 7-18, 17-52 

cpyrsre, cpysre 7-15,7-20,17-54 

Current process SS 9-8 

cvtilr, cvtir 7-16,17-55 

cvtri, cvtril, cvtzri, cvtzril 7-16, 17-56 

o 
daddc 6-19,17-58 

Data length conversion 6-11 

Data structures, quick reference A-12 

Data types 
bits and bit fields 5-4 
byte string 5-4 
decimal 5-3 
description of 5-1 
integer 5-1 
ordinal 5-1 
quad word 5-5 
real 5-2 
triple word 5-5 

Debugging support 
overview of 2-5 

See also Tracing 

Decimal Multiplication and Division 6-20 

Decimals 
data type 5-3 
instructions 6-19 
multiplication and division 6-19 
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Denonnalized numbers 
definition of 7-5 
denonnalization technique 7-5 

Descriptor faults 12-27 

disp, notation 17-2 

Dispatch fault 12-2, 12-36 

Dispatch port 
assigned to processor 14-10 
assignment of process to 14-10 
check dispatch port flag in processor 

controls 9-7 
description of 14-1, 14-9 
dispatch port SS in PRCB 9-8 
high-level process management facilities 

14-1 
in multiprocessor systems 15-4 
pointer for in PCB 13-6 
structure of 14-lO 

divi, divo 6-8,17-59 

Divide instructions 6-8 

divr, divrl 7-17,17-60 

drnovt 6-19,17-62 

dsubc 6-19,17-63 

E 
ediv 6-8, 17-64 

efa, notation 17-2 

ernul 6-8, 17-65 

Event fault 
event fault request flags 

12-13, 13-6 
11-5, 12-12, 

event notice fault 
12-28 

11-5, 12-2, 12-13, 

reference infonnation 12-28 

Exceptions, floating-point 
See Floating point faults 

Execution environment 
address space 3-1,3-2 
arithmetic controls 3-6 
description of 3-1 
floating-point registers 3-4 
global registers 3-4 

INDEX 

1-4 

instruction cache 3-12 
instruction pointer 3-5 
local registers 3-4 
process controls 3-lO 
trace controls 3-10 

Execution mode 
description of 4-13 
execution mode flag 4-5, 13-4 

Execution time field 13-7 

Exponent, in floating point fonnat 7-2 

expr, exprl 7-19,17-66 

Extended multiply and divide instructions 
6-8 

External lACs 
See lACs 

extract 6-11, 17 -68 

F 
FAILURE pin 9-21 

Fault handling 
aborting a process 12-11 
control flags and masks 12-12 
fault handler, description of 12-1 
fault handler, procedures 12-8 
fault handling actions 12-16 
fault handling methods 12-3 
local calls to fault handling procedures 

12-7 
overview of fault-handling facilities 

12-1 
possible fault-handler actions 12-9 
procedure table calls to fault handling 

procedures 4-11, 12-7 
process and instruction resumption fol­

lowing a fault 12-9 
returning from a fault with re,sumption 

12-10 
returning from a fault without resump­

tion 12-11 
software requirements for handling faults 

12-5 
support for 2-4 
trace fault handling 12-7, 12-8 



See also Fault record, Fault table, Faults 

Fault record 
description of 12-14 
location of fault record 12-15 
location of resumption record 12-15 
resumption record 12-15 
saved instruction pointer 12-15 

Fault table 12-3 
description of 9-4, 12-5 
fault table entries 12-7 
fault table pointer in PRCB 9-9, 12-7 
location of in memory 12-7 
required at initialization 9-14,9-21 

Fault table pointer 9-9 

Fault tolerance, support for 2-7 

Fault-if instructions 12-13 

faulte, faultne, faultl, faultle, 
faultge, faulto, faultno 
17-69 

Faults 
arithmetic faults 12-25 
constraint faults 12-26 
description of 9-5 
descriptorfaults 12-27 
event faults 12-28 
event notice fault 12-13 
fault instructions 6-15, 12-13 
floating-point faults 12-29 
generating a fault 12-13 
halt 12-5 
halt action 12-22 
interrupts and faults 12-13 

faultg, 
6-15, 

location of resumption record 12-15 
machine faults 12-31 
multiple fault conditions 12-5 
operation faults 12-32 
override fault-handling action 12-20 
overrides 12-4 
precise and imprecise faults 12-22 
process faults 12-33 
process state after a fault 12-9 
protection faults 12-34 
refault flag 13-5 

INDEX 

1-5 

reference information on faults 12-24 
resumption record 12-15 
resumption record in PCB 13-6 
saved instruction pointer 12-15 
saved process controls 12- 19 
standard faults 17-3 
structural faults 12-36 
system error interrupt 12-4, 12-21 
trace faults 12-37 
type faults 12-39 
types and subtypes 12-1 
virtual memory faults 12-40 

See also Fault handling, Fault record 

FIFO port 14-7 
conditional receive message mechanism 

14-17 
description of 14-7 
lock field 14-7 
queue head SS 14-7 
queue state flag 14-7 
queue tail SS 14-7 
receive message mechanism 14-17 
send message mechanism 14-16 
send service mechanism 14-18 

fill 6-19,17-71 

flit, notation 17-2 

Floating inexact fault 7-25, 7-26, 12-2, 
12-29, 17-8, 17-13, 17-52, 17-55, 
17-66,17-80,17-82,17-85,17-97, 
17-101, 17-112, 17-119, 17-121, 
17-134,17-137,17-143,17-151 

Floating inexact flag and mask 7-11, 7-25, 
12-12 

Floating invalid-operation fault 7-23, 12-2, 
12-29, 17-8, 17-13, 17-38, 17-40, 
17-52, 17-60, 17-66, 17-80, 17-82, 
17-85, 17-97, 17-101, 17-112, 
17-119, 17-121, 17-134, 17-137, 
17-143,17-151 

Floating invalid-operation flag and mask 
7-11,7-20,7-23,12-12 

Floating overflow fault 7-24, 12-2, 12-29, 
17-8, 17-60, 17-82, 17-85, 17-97, 
17-101, 17-112, 17-119, 17-121, 
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17-137,17-143,17-151 

Floating overflow flag and mask 
7-24,7-25, 12-12 

Floating point 
architecture support for 7-1 
arithmetic controls 7-11 

7-11, 

arithmetic vs. non-arithmetic instructions 
7-20 

basic arithmetic instructions 7-17 
biased exponent 7-3,7-4 
branch instructions 7 -17 
classification instructions 7-17 
comparison instructions 7 -17 
data movement instructions 7-15 
data type conversion 7-15 
denormalized numbers 7-5 
execution environment for floating-point 

operations 7 -7 
exponent 7-2 
exponential instructions 7 -19 
finite values 7-4 
floating inexact exception 7-25 
floating invalid operation exception 

7-23 
floating overflow exception 7-24 
floating reserved encoding exception 

7-22 
floating underflow exception 7-24 
floating zero-divide exception and fault 

7-23 
format of binary floating-point numbers 

7-2 
fraction 7-2 
IEEE standard 7-1,7-2,7-4,7-6,7-7, 

7-14,7-17,7-19 
infinities 7-6 
instruction format 7 -14 
instruction operands 7 -14 
integer 7-2 
j-bit 7-2 
literals 7-14 
loading and storing floating-point values 

7-9 
logarithmic instructions 7 -19 

INDEX 
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moving floating-point values 7-10 
NaNs 7-4,7-20 
normalized number 7-3 
normalizing mode 7-12 
pi 7-18 
real data types 5-2,7-7 
real number and NaN encodings 7-4, 

7-7 
real number formats 7-7 
real number notation 7-3 
real number system 7-1 
register alignment for floating-point 

values 7-9 
registers, storage of floating-point num-

bers in 7-8 
rounding control 7-12 
scale instructions 7-19 
sign bit 7-2 
significand 7-2 
summary of floating-point instructions 

7-15 
support for 2-5 
trigonometric instructions 7 -18 
underflow condition 7-26 
zeros 7-4 
See also Floating point faults 

Floating point faults 12-29 
exceptions 7-6,7-21 
fault handling 7-21,7-22 
floating inexact exception 7-21 
floating invalid operation exception 

7-21 
floating overflow exception 7-21 
floating reserved encoding exception 

7-21 
floating underflow exception 7-21 
floating zero divide exception 7-21 
override flags 7-24,7-25 

Floating point unit 
SeeFPU 

Floating reserved-encoding fault 7-22, 
12-2, 12-29, 17-8, 17-13, 17-38, 
17-40,17-52,17-54,17-60,17-66, 
17-80, 17-82, 17-85, 17-97, 
17-101, 17-112, 17-119, 17-121, 
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17-l34, 17-l37, 17-143, 17-151 

Floating underflow fault 7-25, 7-26, 12-2, 
12-29, 17-8, 17-l3, 17-60, 17-66, 
17-80, 17-82, 17-85, 17-97, 
17-101, 17-112, 17-119, 17-121, 
17-l34, 17-137, 17-143, 17-151 

Floating underflow flag and mask 7-11, 
7-24, 12-12 

Floating zero-divide fault 
12-29, 17-60, 
17-112,17-121 

7-23, 12-2, 
17-80, 17-85, 

Floating zero-divide flag and mask 7-11, 
7-23, 12-12 

Floating-point flags and masks 3-9 

Floating-point normalizing mode flag 3-9, 
7-11,7-12 

Floating-point registers 
description of 3-4 
field in PCB l3-6 
register model 3-2 
storage of 3-4 

See Registers 

Floating-point rounding control field 3-9, 
7-11 

Flush local registers 
flush local registers lAC 4-7, 11-7 
instruction 6-16 

Flush process lAC 11-8 

Flush TLB lAC 11-9 

Flush TLB page table entry lAC 11-10 

Flush TLB physical page lAC 11-11 

Flush TLB segment entry lAC 11-12 

flush reg 4-7,6-16,17-72 

fmark 6-16, 12-l3, 16-1, 16-5, 16-6, 16-7, 
17-73 

Force mark instruction 6-16,12-13 

FP, frame pointer 3-4,4-14 
description of 4-3 
location at initialization 9-15 

FPU C-8 

Fraction, in floating-point format 7-2 

INDEX 
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Frame pointer 
SeeFP 

Frame return status field 10-9 

Freeze lAC 11-l3 

freg, notation 17-2 

G 
Global registers 

description of 3-4 
field in PCB 13-6 
FP 3-4 
process state 13-1 
register alignment 3-4 
register model 3-2 
storage of 3-4 
storing of RIP on a branch and link in­

struction 4-15 

lAC fault 12-2, 12-36 

lAC pin 10-7,15-2 

lACs 
check process notice lAC 11-5, 12-l3, 

12-28 
continue initialization lAC 11-6 
description of 9-4 
external lAC message format 15-1 
external lACs 11-1,15-1 
faults 11-3 
flush local registers lAC 11-7 
flush process lAC 11-8 
flush TLB lAC 11-9 
flush TLB page table entry lAC 11-10 
flush TLB physical page lAC 11-11 
flush TLB segment entry lAC 11-12 
freeze lAC 11-l3 
lAC fault 12-2, 12-36 
lAC pin 15-2 
internal lACs 11-1 
interrupt lAC 11-14 
introduction to 11-1 
mechanisms for exchanging 11-1 
message, description of 11-1 



message, format of 11-2 
modify processor controls lAC 11-15 
preempt process lAC 11-16 
priorities 9-10 
purge instruction cache lAC 11-17 
receiving and handling external lACs 

15-2 
receiving and handling internal lACs 

11-3 
reference information 11-4 
reinitialize processor lAC 11-18 
restart processorIAC 11-19, 12-22 
sending external lACs 15-1 
sending internal lACs 11-3 
set breakpoint register lAC 11-20 
software requirements for handling inter-

nalIACs 11-1 
stop processor lAC 11-21 
store processor lAC 11-22 
store system base lAC 11-23 
summary of lACs 11-2 
test pending interrupts lAC 11-24 
warmstart processor lAC 11-25 

ID C-4 

Idle time 
idle time field 9-9, 9-13 
idle timing 9-13 

lEU C-6 

IFU C-3 

Index with displacement addressing mode, 
description of 5-7 

Index, description of 5-7 

Indivisible, description of 8-2 

Inexact result, definition of 7-12 

Initial memory image, description of 9-17 

Initialization code example D-l 

Initialization of the processor 
Building a memory image 9-19 
check-sum words 9-17 
continue initialization lAC 11-6 
description of 9-15 
first stage of initialization 9-21 
initial memory image 9-14,9-17 

INDEX 
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initialization code 9-19 
initialization code example D-l 
initialization fault table 9-21 
initialization heap 9-21 
initialization interrupt table 9-21 
initialization page tables 9-20 
initialization PCB 9-20 
initialization PRCB 9-19,9-20 
initialization segment table 9-17, 9-19 
initialization stack 9-21 
internal PCB fields 13-8 
reading the PRCB 9-9 
reinitialize processor lAC 11-18 
required PRCB for single-task system 

9-15 
restart processor lAC 11-19 
second stage of initialization 9-23 
segment table pointer 9-3 
self test 9-21 
typical initialization scenario 9-21 
warmstart processor lAC 11-25 

Initialization segment table 
description of 9-17 

inspacc 6-20,17-74 

Inspect access instruction 6-20 

Instruction cache 
description of 2-2, 3-12, C-3 
purge instruction cache lAC 11-17 

Instruction decoder 
See ID 

Instruction execution unit 
See lEU 

Instruction fetch unit 
See IFU 

Instruction list 9-2 

Instruction pointer 
See IP 

Instruction reference 
introduction to 17-1 
Notation 17-1 

Instruction suspension 
description of 9-13 
resumption record field in PRCB 9-9 



Instruction timing 
bit instructions C-lO 
branch instructions C-12 
call and return instructions C-13 
decimal instructions C-17 
description of C-8 
floating point instructions C-17 
integer and ordinal arithmetic instruc-

tions C-ll 
load instructions C-14 
logical instructions C-9 
miscellaneous complex instructions 

C-14 
multiply and divide instructions C-12 
register move instructions C-lO 
store instructions C-16 

Instruction trace 
event flag 16-2 
fault 12-2, 12-37 
mode 16-4 
mode flag 16-2 

Instructions 
arithmetic 6-6 
assembly-language format 6-1 
bit and bit field 6-10 
branch 6-12 
call and return 6-15 
comparison 6-11 
data length conversion 6-11 
data movement 6-4 
debug 6-16 
decimal 6-19 
detailed reference information 17-1 
extended arithmetic 6-8 
fault instructions 6-15 
instruction groups 6-2 
logical 6-10 
machine-level instruction formats B-1 
process management 6-17 
processor management 6-16 
quick reference A-I 
string 6-19 
summary of 80960MC instruction-set ex­

tensions 6-3 

INDEX 
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summary of 80960 instructions 6-2 
See also Machine-level formats 

INTO, INTI, INT2, INT3 pins 10-6, 10-7 

INTA pin 10-7 

Integer overflow 
description of 3-8 
fault 12-2, 12-9, 12-25, 17-7, 17-56, 

17-59, 17-100, 17-111, 17-131, 
17-139,17-142 

flag 3-8,7-11, 12-12, 12-25 
mask 3-8,7-11,12-12,12-25 

Integer, description of 5-1 

Interagent communication messages 
See lACs 

Interim priority field 9-8, 15-5 

Internal state field, of process controls 
12-11 

Interprocess communication 
instructions 6-18 
support for 2-7 

See Messages passing 

Interrupt control register 
addresses mapped to in physical memory 

10-7 
description of 10-6 
uses of 10-6 

Interrupt handler 
used for initialization 9-22 

Interrupt handling 
interrupt control register 10-6 
interrupt handler procedures 10-4 
interrupt stack 10-5 
interrupt table 10-2 
interrupt table sharing 10-4 
location of interrupt handler procedures 

10-4 
restrictions on interrupt handler 10-5 
software requirements for interrupt han­

dling 10-1 
support for 2-3 

Interrupt lAC 10-13,11-14 
description of 10-7 
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Interrupt pins 
description of 10-6 
uses of 10-6 

Interrupt record 
description of 10-10 

Interrupt stack 
description of 9-3, 10-5 
interrupt stack pointer in PRCB 9-8 
required at initialization 9-14 

Interrupt stack pointer 9-8 

Interrupt table 
description of 9-3, 10-2 
interrupt table pointer in PRCB 9-8 
interrupt table sharing 10-4 
required at initialization 9-14 

Interrupt table pointer 9-8 

Interrupt vectors, description of 10-2 

Interrupts 
description of 9-4 
idle state interrupt 10-10 
idle-interrupted state interrupt 10-12 
in a multiprocessor system 15-7 
interrupt control register 15-2 
interrupt handling actions 10-8 
interrupt lAC 10-7,11-14 
interrupt pins 10-6 
interrupt record 10-10 
overview of interrupt facilities 10-1 
pending interrupts 10-12 
priorities 9-10, 10-2 
process executing state interrupt 10-9 
process interrupt state interrupt 10-10 
servicing an interrupt 10-8 
signaling interrupts 10-6 
system-error interrupt 9-9, 10-8, 12-3, 

12-4, 12-5, 12-16, 12-21, 12-22 
system-error interrupt vector 12-4 
test pending interrupts lAC 11-24,15-7 
vectors 10-2 

See also Interrupt handling 

INTR pin 10-7 

Invalid descriptor fault 8-22, 12-2, 12-27, 
17-74 
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Invalid opcode fault 12-2, 12-32 

Invalid operand fault 12-2, 12-32 

Invalid PTDE fault 8-10,8-24,12-2, 12-40 

Invalid PTE fault 8-10, 8-22, 8-24, 12-2, 
12-40 

Invalid segment descriptor 8-16 

Invalid segment descriptor fault 8-21,8-22 

Invalid segment table entry fault 8-10, 
12-2, 12-40 

Invalid SS fault 12-2, 12-26 

IP 
description of 3-5 
procedure table entry 4-11 
storage of 3-5 

IP with displacement addressing mode 5-7 

J 
J-bit 7-2 

K 
Kernel 1-1 

L 

altering process controls 13-8 
process scheduling in multiprocessor 

system 15-4 
supervisor procedure 4-13,4-14 

Large segment table segment descriptor 
8-14 

Id, Idib, Idis, Idl, Idob, Idos, Idq, Idt 5-5, 
6-5,7-9,17-75 

Ida 3-5, 6-6, 17-77 

Idphy 6-20,8-25,17-78 

Idtime 6-17,10-5,14-6,17-79 

lit, notation 17-2 

Literal 
description of 5-5 
floating-point 7 -14 
ordinal 5-5 

Load address instruction 6-6 

Load instructions 6-5 



Load physical address instruction 6-20 

Local call 
call operation 4-8 
description of 4-8 
return operation 4-8 

Local registers 
call/return mechanism 4-1 
description of 2-2, 3-4 
PFP 3-4 
process state 13-1 
purpose of 3-4 
register alignment 3-4 
register model 3-2 
relationship to procedure stack 4-3 
RIP 3-4 
SP 3-4 
stack-frame cache 4-3 

LOCK line 8-2 

logbnr,logbnrl 7-19,17-80 

logepr,logeprl 7-19,17-82 

Logical instructions 6-10 

logr,logrl 7-19,17-85 

M 
Machine faults 12-31 

Machine-level formats 6-1, B-1 

Manual 
guide to 1-1 
structure of 1-1 

mark 6-16, 12-13, 16-1, 16-5, 16-6, 16-7, 
17-88 

Mark instruction 6-16, 12-13 

mem, notation 17-2 

Memory management facilities, introduction 
to 8-1 

Memory management unit 
SeeMMU 

Messages and message passing 
applications of messages 14-19 
communication port 14-15 
current port or semaphore SS 14-9 
high-level process management facilities 

14-1 

INDEX 

1-11 

interprocessor communication 14-15 
kernel support for message passing 

14-18 
link SS 14-9 
mechanism for interprocess communica-

tion 14-16 
message field in PCB 13-6 
message, description of 14-7, 14-9 
receive message mechanism 14-17 
send message mechanism 14-16 
send service mechanism 14-18 

Micro-instruction sequencer 
See MIS 

MIS C-6 

MMU C-l 

Mnemonic 17-2 

modac 3-6, 6-17, 17-89 

modi 6-8, 17-90 

modify 6-11,17-91 

Modify process controls instruction 6-16, 
6-18 

Modify processor controls lAC 9-10, 9-12, 
11-15 

Modify trace controls instruction 6-16 

modpc 6-16, 10-13, 13-8, 14-5, 15-5, 
17-92 

modtc 6-16,16-2,17-94 

Modulo instructions 6-8 

mov, movl, movq, movt 5-5, 6-6, 7-10, 
7-15,17-95 

Move instructions 6-6 

movqstr 6-19,17-96 

movr, movre, movrl 7-9,7-10,7-15,7-20, 
17-97 

movstr 6-19,17-99 

muli, mulo 6-8, 17-100 

muIr, mulrl 7-14,7-17,17-101 

Multiple processor operation 
See Multiprocessing 

Multiply instructions 6-8 



Multiprocessing 
atomic instructions 15-6 
description of 9-1 
dispatch port 15-4 
external lACs 15-1 
high-level process management facilities 

15-3 
interrupt handling 15 -7 
memory management facilities 8-1 
overview of multiple processor support 

facilities 15-1 
preemption 15-4 
preemption action 15-6 
preemption control 15-4 
process scheduling and dispatching 

15-4 
receiving and handling external lACs 

15-2 
sending external lACs 15-1 
support for 2-7 
use of processes 13 -2 

Multiprocessor preempt flag 9-5, 10-10, 
15-5 

Multiprocessor preemption field in PRCB 
9-9 

Multitasking 
description of 9-1 

N 

memory management facilities 8-1 
priorities 9-10 
processes vs. tasks 9-1 
support for 2-6 
use of processes 13-2 

nand 6-10,17-103 

NaNs 
arithmetic vs. non-arithmetic instructions 

7-20 
classify instructions 7-17 
comparison 7 -17 
defined 7-6 
encodings 7-4,7-7 
extended-real format 7-7 

INDEX 

1-12 

invalid-operation exception 7-23 
operations on 7-20 
QNaN 7-6,7-17,7-23 
QNaN, definition of 7-20 
rounding 7 -13 

SNaN 7-6,7-17,7-23 
SNaN, definition of 7-20 
unordered 7 -17 
unordered classification 3-8 

Next time slice field 13-7, 14-5 

No imprecise faults flag 3-9,12-12, 12-22 

Nonpreempt limit field 9-7, 15-5 

nor 6-10,17-104 

Normalized number 7-3 

Normalizing mode, floating-point normaliz-
ing mode flag 3-9 

not, notand 6-10,17-105 

Notation 1-3 

notbit 6-10, 17-106 

notor 6-10,17-107 

o 
Operating-system kernel 

See Kernel 

Operation faults 12-32 

or,ornot 6-10, 17-108 

Ordinal, description of 5-1 

Override faults 
See Faults 

p 
Padding area, description of 4-5 

Page rights 
description of 8-20 
fault 8-24, 12-2, 12-34 

Page Table and Page Table Directory 
invalid page table (directory) entry 

8-20 
page rights 8-20 
page table directory entry 8-20 
page table entry 8-19 
structure of 8-18 



Paged region segment descriptor 8-12 

Paging 
bipaged segment 8-16 
overview of 8-16 
page length 8-3 
page table and page table directory struc-

tures 8-18 
paged segment 8-16 
paging method field 8-11 
protection of pages 2-6 
spanning page boundaries 8-25 
unpaged segment 8-16 

Parameter passing 
description of 4-9 
in an argument list 4-9 
through global registers 4-9 
through the procedure stack 4-9 

PCB 
arithmetic controls field 13-5 
binding process to processor 14-2 
current process SS 9-8 
description of 9-3, 13-1, 13-2 
dispatch port SS field 13-6,14-10 
event-fault request flags 12-13 
execution time field 13-7 
global registers field 13-6 
lock field 13-6 
low-level process management facilities 

14-1 
next time slice field 13-7 
preempt flag 15-4 
process controls 13-4 
process notice field 11-5, 12-13, 13-6 
process resumption following a fault 

12-10 
process state 13-1 
queue record 13-6 
received message field 13-6 
region 0, 1, and 2 SS fields 13-6 
relationship to process 9-1 
required at initialization 9-14,9-20 
residual time slice field 13-7 
resumption record field 9-9, 13-6 
segment descriptor 8-13 

INDEX 

1-13 

storing of PCB fields in processor 13-7 
trace controls field 13-5 

See also Process, Process management 

Pending interrupts 
checking for 10-13 
handling of 10-13 
posting of 10-12 
servicing of 10-12 

PFP 3-4, 10-9 
description of 4-5 

Physical address space 
description of 8-2 
physical address 8-2 

Physical addressing mode 8-1 

Physical memory 
caching of memory accesses 8-3 
description of 8-2 
restrictions 8-2 

Pi 7-18 

Port segment descriptor 8-13 

Ports 
description of 14-7 
FIFO port 14-7 
priority port 14-7, 14-8 
segment descriptor 8-13 
uses of 14-9 
See also Communications port, Dis­

patch port 

PRCB 
caching the PRCB in the processor 9-9 
changing the PRCB 9-9 
current process SS 9-8 
description of 9-2, 9-5 
dispatch port assigned to 14-10 
dispatch port SS field 9-8,14-10 
fault resumption record 12-15 
fault table pointer 9-9, 12~7 
idle time field 9-9 
initialization PRCB 9-14, 9-19 
interrupt stack pointer 9-8 
interrupt table pointer 9-8 
modify processor controls lAC 11-15 
multiprocessor preemption field 9-9 



inter 

pointers to system data structures 9-8 
procedure table pointer 4-11 
processor controls word 9-5 
region 3 SS 9-8 
resumption record field 9-9 
store system base lAC 11-23 
system procedure-table SS 9-9 
system-error fault field 9-9, 12-16, 

12-21 
system-error fault record field 9-9, 

12-16,12-21 
See also Processor controls 

Preempt flag 13-5, 14-14, 15-4 

Preempt process lAC 11-16,15-4,15-5 

Preemption 
description of 14-14 
in a multiprocessor system 15-4 
interim priority field in processor con-

trols 15-5 
multiprocessor preempt flag 9-5, 15-5 
multiprocessor preemption action 15-6 
nonpreempt limit field of processor con-

trols 9-7,15-5 
preempt flag 15-4 
preemption control in a multiprocessing 

system 15-4 
write external priority flag 15-5 

Preemption lAC 14-14 

Prereturn trace 
event flag 16-2 
fault 12-2, 12-37 
mode 16-5 
mode flag 16-2 
pre return trace flag 4-5 

Preserved 1-3 

Previous frame pointer 
See PFP 

Priorities 9-10 

Priority port 14-7 
conditional receive message mechanism 

14-17 
description of 14-8 
lock field 14-8 

INDEX 

1-14 

priority 14-8 
queue head SS 14-9 
queue state flag 14-8 
queue status field 14-8 
queue tail SS 14-9 
receive message mechanism 14-17 
send message mechanism 14-16 
send service mechanism 14-18 

Procedure calls 
branch and link 4-15 
call/return mechanism 4-1 
FP 4-3 
local call 4-8 
local registers 4-3 
overview of 4-1 
padding area 4-5 
parameter passing 4-9 
PFP 4-5 
prereturn trace flag 4-5 
procedure linking information 4-3 
procedure stack 4-3 
procedure table 4-11 
return status field 4-5 
RIP 4-6 
saving of local registers 4-1 
SP 4-3 
supervisor call 4-14 
supervisor stack 4-14 
system call 4-10 
user-supervisor protection model 4-13 

Procedure Stack 
call/return mechanism 4-1 
description of 4-3,9-4 
mapping of local registers to 4-7 
process state 13-1 
register save area 4-3, 4-7 
stack frames 4-3 

Procedure table 
procedure entry structure 4-11 
segment descriptor 8-13 
structure of 4-11 
supervisor-stack-pointer entry 4-12 



inter 

Procedure table call 4-10 
See also System call 

Procedure table segment descriptor 8-13 

Process 
address space 13-1 
binding to processor 14-2 
current process SS in PRCB 9-8 
description of 9-1, 13-1 
execution mode 4-13 
flush process lAC 11-8 
preempt process lAC 11-16 
priority 13-4, 14-8 
procedure stack 4-3 
process controls 13-4 
state 13-1, 13-4 
timing 13-7 
use of 13-2 
See also PCB, Process management 

Process control block 
See PCB 

Process control instructions 6-17 

Process controls 
changing of 13-8 
description of 13-4 
execution mode flag 13-4 
Internal state field 12-11 
next time slice field 14-5 
preempt flag 13-5 
priority field 13-4 
process state 13-1 
refault flag 13-5 
residual time slice field 14-5 
resume flag 13-5 
state field 13-4 
time-slice flag 13-5, 14-5 
time-slice-reschedule flag 13-5, 14-5 
timing flag 13-5, 14-5 
trace enable flag 13-5 
trace fault pending flag 13-5 

Process controls word 
See Process controls 

Process management 
binding process to processor 

14·2 
13-11, 

INDEX 

\·15 

changing arithmetic controls 13-9 
changing of process controls 13-8 
changing the process notice field 13-9 
concepts 14-2 
dispatching 9-5, 14-2 
execution time counting 14-6 
explicit process dispatching 14-4 
high-level process management facilities 

14-1, 14-6, 15-3 
instructions 6-17 
kernel support for message passing 

14-18 
low-level process management facilities 

14-1 
messages 14-9 
mUltiple-process management facilities, 

overview of 14-1 
multiprocessor preemption 15-4, 15-6 
overview of 13-1 
PCB 13-2 
physical addressing vs. virtual address-

ing 13-9 
ports 14-7,14-9 
preemption 14-14 
preemption control in a multiprocessing 

system 15-4 
priority field 13-4 
process controls 13-4 
process faults 12-33 
process handling in a single-process sys-

tem 13-11 
process states 14-2 
process suspension 14-11 
required software support for a single-

process system 13-9 
scheduling 9-5, 14-2 
state transition actions 14-3 
time-slice scheduling 14-5 
timing 14-5 
See also Automatic process dispatch­

ing, Messages and message pass­
ing; Process, Process synchroniza­
tion 



Process notice 
changing process notice field 13-9 
check process notice lAC 12-13, 12-28 
field in PCB 11-5,13-6 

Process scheduling and dispatching 
binding process to processor 14-2 
description of 14-2 
explicit process dispatching 14-4 

See also Automatic process dispatching 

Process segment descriptor 8-13 

Process synchronization 
description of 14-12 
semaphores 14-12 

Process timing 14-5,14-6 
end-of-time-slice event 14-11 
time slice fault 12-2, 12-33, 14-5, 14-6 
time-slice scheduling 14-5 
while handling a fault 12-13 
while handling an interrupt 10-6 

Processor 
freeze lAC 11-13 
internal structure of C-l 
modify processor controls lAC 11-15 
multiprocessing system 9-1 
multitasking system 9-1 
overview of processor configurations 

9-1 
priorities 9-10 
purge instruction cache lAC 11-17 
reinitialize processor lAC 11-18 
restart processor lAC 11-19 
self test 9-21 
single-task system 9-1 
stop processor lAC 11-21 

11-22 store processor lAC 
store system base lAC 
warmstart processor lAC 

Processor and process states 
description of 9-10 

11-23 
11-25 

idle state 9-11 
idle-interrupted state 9-11 
process-executing state 9-11 
process-interrupted state 9-11 

INDEX 

1·16 

state field 9-7 
stopped state 9-11 

Processor Control Block 
SeePRCB 

Processor controls 
addressing mode flag 9-7 
check dispatch port flag 9-7 
description of 9-5 
interim priority field 9-8, 15-5 
modify processor controls lAC 9-10, 

11-15 
multiprocessor preempt flag 9-5, 15-5 
nonpreempt limit field 9-7 
nonpreempt limit field of processor con­

trols 15-5 
state field 9-7 
write external priority flag 9-8, 15-5 

Processor controls word 
See Processor controls 

Processor management 
instructions 6-16 

Processor management facilities 
faults 9-5 
lACs 9-4 
instruction list 9-2 
interrupts 9-4 
overview of 9-2 
process scheduling and dispatching 9-5 
system data structures 9-2 

Processor management, software require­
ments for 9-14 

Processor timing 
duration of a timing 9-13 
idle timing 9-13 

Programming environment 
See Execution environment 

Protection faults 12-34 

Protection, support for 2-6 

Purge instruction cache lAC 11-17 

Q 



QNaN 
See NaNs 

Quad word, description of 5-5 

Queue linkage infonnation in ports 
queue head SS 14-7 
queue state flag 14-7,14-8 
queue status field 14-8 
queue tail SS 14-7 

Queue record, in PCB 13-6 

R 
Real number 

encodings 7 -4 

system 7-1 

receive 6-18,10-5,14-17,17-109 

Refault flag 12-11, 12-12, 12-20, 12-21, 
13-5 

reg, notation 17-2 

Regions 3-10 
gaps and boundaries 8-28 
making region boundaries transparent 

8-28 
pointers for regions 0, 1, and 2 in PCB 

13-6, 13-9 
region 3 SS in PRCB 9-8 
required at initialization 9-14 
spanning region boundaries 8-25 
typical address space structure 8-26 

Register indirect addressing modes 
description of 5-7 

Register indirect addressing modes, descrip­
tion of 5-7 

Register save area 
See Procedure stack 

Register scoreboarding 2-3,3-5, C-7 

Registers 
addressing of 5-6 
floating-point registers 2-5, 3-2 
flush local registers lAC 11-7 
flush local registers instruction 6-16 
global registers 3-2 
local registers 3-2 
register model 3-2 

INDEX 

1-17 

See also Floating-point registers, 
Global registers, Local registers 

Reinitialize processor lAC 11-18 

Remainder instructions 6-8 

remi, remo 6-8, 17-111 

remr, remrl 7-11,7-17,17-112 

Reserved 1-3 

RESET pin 9-21 

Residual time slice field 13-7, 14-5 

Restart processor lAC 3-6, 9-9, 9-23, 
11-19,12-22 

Resume flag 10-9, 12-11, 12-18, 12-19, 
12-20,12-21,13-5,13-8 

resumprcs 6-17, 10-5, 13-11, 14-2, 14-3, 
14-4,14-6,17-115 

Resumption record field 9-9 

ret 4-8, 6-15, 12-9, 12-18, 12-20, 16-5, 
16-8,17-116 

Return 
from local call 4-8 
from local system call 4-13 
from supervisor call 4-14 

Return instruction 6-15 

Return instruction pointer 
See RIP 

Return status field 12-18 
description of 4-5 
encoding of 4-5 
return from local system call 4-13 
return from supervisor call 4-14 

Return trace 
event flag 16-2 
fault 12-2, 12-37 
mode 16-5 
mode flag 16-2 

RIP 3-4,3-6 
description of 4-6 
on a branch and link 4-15 

rotate 6-9, 17 -118 

Rotate instructions 6-9 

Rounding control 
See Floating-point rounding control 

field 



roundr, roundrl 7-17,17-119 

s 
Saved IP, for fault 12-15 

saveprcs 6-17, 13-11, 14-2, 14-4, 14-6, 
17-120 

Scale factor in addressing, description of 
5-7 

scaler, scaler! 7-19,7-24, 17-121 

scanbit 6-10,17-123 

scanbyte 6-11, 17-124 

schedprcs 6-17,14-10,15-5,17-125 

Scorcboarding 
See Register scoreboarding 

Segment 
bipaged region 8-12 
description of 8-4 
large segment table 8-14 
paged region 8-12 
port 8-13 
procedure table 8-13 
process 8-13 
semaphore 8-15 
simple region 8-11 
small segment table 8-14 
types 8-11 

Segment descriptor 
access status field 8-10 
accessed flag 8-10 
altered flag 8-10 
base address field 8-9 
bipaged region descriptor 8-12 
cacheable flag 8-10 
description of 8-9 
invalid descriptor 8-16 
large segment table descriptor 8-14 
paged region descriptor 8-12 
paging method field 8-11 
port descriptor 8-13 
procedure table descriptor 8-13 
process descriptor 8-13 
region descriptors 8-11 
segment table descriptors 8-14 

INDEX 

1-18 

segment types 8-11 
semaphore descriptor 8-15 
simple region descriptor 8-11 
size field 8-10 
small segment table descriptor 8-14 
valid flag 8-10 

Segment length fault 8-21, 8-22, 8-24, 
12-2,12-34,17-74 

Segment selector 
See SS 

Segment table 
description of 8-8, 9-2 
required at initialization 9-14 

Self dispatching 
See Automatic process dispatching 

Self test, of processor 9-21 

Semaphore 
access action 14-13 
count field 14-12 
description of 14-12 
high-level process management facilities 

14-1 
instructions for handling semaphores 

6-18, 14-13 
lock field 14-12 
semaphore queue tail SS 14-13 
structure of 14-12 

Semaphore segment descriptor 8-15 

send 6-18,14-16,14-18,15-5,17-126 

sendserv 6-18, 10-5, 14-1,0, 14-11, 14-18, 
14-19,15-5,17-128 

Set breakpoint register lAC 11-20 

Set, definition of 1-4 

setbit 6-10,17-130 

Shift instructions 6-9 

shli, shlo, shrdi, shri, shro 6-9,17-131 

signal 6-18,14-13,15-5,17-133 

Significand, in floating-point format 7-2 

Simple region segment descriptor 8-11 

sinr, sinrl 7-18,17-134 

Size field 8-10 



SIZE lines 8-2 

Small segment table segment descriptor 
8-14 

SNaN 
See NaNs 

SP 3-4,4-14 
description of 4-3 

span bit 6-10,17-136 

sqrtr, sqrtrl 7-17,17-137 

SS 
description of 8-5, 8-7 
treatment of, depending on address trans­

latiON mode 9-12 

st, stib, stis, stl, stob, stos, stq, stt 5-5, 
6-5,7-9,17-139 

Stack 
See Procedure stack 

Stack frame cache 4-3 
flush local registers lAC 11-7 
mapping to procedure stack 4-7 

Stack frame, definition of 4-3 

Stack pointer 
See SP 

Standard faults 17-3 

STARTUP pin 9-21 

State field 9-7 

Sticky flags, definition of 3-7 

Stop processorIAC 11-21 

Store instructions 6-5 

Store processor lAC 9-10,9-12,11-22 

Store system base lAC 11-23 

String instructions 6-19 

Structural faults 12-36 

subc 6-8,17-141 

subi, subo 6-8,17-142 

subr, subrl 7-17,17-143 

Subtract instructions 6-8 

Subtract with Carry Instruction 6-8 

Supervisor call 4-14 
system call instruction 6-15 

INDEX 
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Supervisor mode 
See User-supervisor protection model 

Supervisor stack 
description of 9-4 
structure of 4-14 
supervisor-stack pointer 4-12 

Supervisor trace 
event flag 16-2 
fault 12-2, 12-37 
mode 16-5 
mode flag 16-2 

Supervisor-stack pointer 4-12 

syncf 12-22,17-145 

synld 6~20, 17-146 

synmov, synmovl, synmovq 6-20, 11-1, 
11-3,15-2,15-3,17-148 

System call 

description of 4-1 ° 
mechanism of 4-1 ° 

System data structures 
description of 9-2 

System error fault 
See System error interrupt 

System error interrupt 
description of 10-8, 12-4 
fault handling method 12-3 
halt action 12-22 
handling of 12-21 
interrupt vector 248 12-4 
relationship to halt 12-5 
system-error fault field in PRCB 9-9, 

12-16 
system-error fault record field in PRCB 

9-9, 12-16 
system-error interrupt action 12-21 

System executive 
Kernel 1-\ 

System procedure table 
description of 9-4 
structure of 4-11 
system call instruction 6-15 
system procedure-table SS In PRCB 

9-9 



trace control flag 4-12 

System procedure table SS 9-9 

System-error fault field 9-9 

T 
tanr, tanrl 7-18, 17-151 

Task, des~ription of 9-1 

Terminology 1-3 

Test instructions 6-14 

Test pending interrupts lAC 11-24,15-7 

teste, testne, testl, testle, testg, testge, 
testo, testno 6-14, 17-153 

Tick 9-13 

Time slice 
See Process timing 

time slice flag 10-9, 14-5 

Time-slice-reschedule flag 14-5 

Timing 
See Process timing, Processor timing 

Timing flag 10-5, 10-9, 14-5 

TLB 
description of 8-25 
flush process lAC 11-8 
flush TLB lAC 11-9 
flush TLB page table entry lAC 11-10 
flush TLB physical page lAC 11-11 
flush TLB segment entry lAC 11-12 

Trace control flag (in a procedure table) 
12-] 9 

Trace control flag (in system or procedure 
table) 16-1, 16-3, 16-6 

Trace control flag (in system procedure 
table) 4-12 

Trace controls 
See Tracing 

Trace controls field, in PCB 13-5 

Trace enable flag 10-9, 12-12, 12-19, 13-5, 
16-1, 16-3, 16-6, 16-7, 16-8 

Trace fault handler procedure table 12-7, 
12-8 

INDEX 
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Trace fault pending flag 10-9, 12-11, 13-5, 
16-1,16-3,16-6,16-7,16-8 

Trace flag (in return-status field of rO) 

16-1,16-3 

Tracing 
branch trace mode 16-4 
breakpoint registers 16-5 
breakpoint trace mode 16-5 
call trace mode 16-4 
fault handlers, tracing with 16-8 
handling multiple trace events 16-6 
instruction trace mode 16-4 
interrupt handlers, tracing with 16-7 
modifying trace controls 16-2 
overvIew of trace-control facilities 

16-1 
pre return trace handling 16-7 
preretum trace mode 16-5 
process state 13-1 
return trace mode 16-5 
signaling a trace event 16-6 
software support required for tracing 

16-1 
supervisor trace mode 16-5 
trace control flag (in system or procedure 

table) 16-3 
trace control on supervisor calls 16-3 
trace controls 16-1 
trace controls word 16-2 
trace enable and mode flags 12-12 
trace enable flag 16-3 
trace event flags 16-2 
trace fault handler 16-6 
trace fault pending flag 16-3 
trace faults 12-37, 16-1, 16-3, 16-5, 

16-6 
trace flag (in return-status field of rO) 

16-3 
trace handling action 16-7 
trace mode flags 16-2 
trace modes 16-4 
tracing instructions 6-16 
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Translation look-aside buffer 
See TLB 

Triple word, description of 5-5 

Type faults 12-39 

Type mismatch fault 8-11, 12-2, 12-39, 
17-92,17-115 

u 
Unconditional branch instructions 6-13 

Unordered 
definition of 3-8 
numbers 7-17 

User-supervisor protection model 
description of 4-13 

v 

mode switching 4-14 
supervisor call 4-14 
supervisor mode 4-13,4-14 
supervisor procedure 4-13,4-14 
user mode 4-13,4-14 

Valid flag, description of 8-10 

Virtual addressing mode 
description of 8-1 
load physical address instruction 8-25 
SS translation action 8-21 
virtual addrj:ss translation action 8-22 

Virtual memory faults 8-10, 12-40 

Virtual memory management facilities 
accessing system data structures 8-28 
address translation action 8-21 
inspect access instruction 6-20 
load physical address instruction 6-20 
operating system considerations 8-26 
overview of 8-3 
page table 8-5 
page table and page table directory struc­

tures 8-18 
page table directory 8-5 
page tables and page table directories 

8-16 
segment 8-4 
segment descriptor 8-4, 8-9 

INDEX 
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segment selector 8-7 
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3000 Hannover 1 

~~~~g1~~081 
Intel 
Abraham Lincoln Stresse 16-18 
6200 Wlesbaden 

+~~::l8!a:a05-O 

ISRAEL 

Intel' 

ITALY 

Intel· 

Park·Neve Sharet 

Milanofiori Palazzo E 
20090 Assago 
Milano 

f~~~1~~4071 
NETHERLANDS 

Intel' 

=e~VM~a~ 
~~~~~~1 0-421.23.77 

NORWAY 

'''''' Hvamvelen 4-PO Box 92 

~~lf%i~~ 

SPAIN 

Intel 
Zurbaran, 28 
28010 Madrid 
Tel: 410 4004 
rLX: 46880 

SWEDEN 

Intel' 

~:~v~~o~~ 
Tel: +46873401 00 
TLX: 12261 

SWITZERLAND 

Inte" 
Talackerstrasse 17 
B065Zuerich 

~~~:OM~~~ 29 77 

UNITED KINGDOM 

Intel' 

~~~O~,aJ:,i"Shlre SN3 1 RJ 

+r~:('f..~~'860 00 

EUROPEAN DISTRIBUTORS/ REPRESENTATIVES 

AUSTRIA WEST GERMANY HETHERLANDS UNITED KINGDOM 

Bacher Electronics G.m.b.H. =: ~:;~n~~~:~~~nts Ltd. Rotenmuehlgasse 26 
1120Wien Letchworth, Herts SGS tTL 

+~~~~~Ja~3 56 46-0 ~~~=~86666 

BELGIUM ~a~~k1orsrnentGmbH NORWAY ~~'W~=a~x::ms 
Inelco Belgium SA Bahnhofstrssse44 Nordlsk Elektronlkk (Norge) AlS 
Av. des Croix de Guerra 94 7141 Moe~"n~en Postboks 123 RW 
1120 Bruxelles Tel: 07141 48 -347 Smedsvingen 4 

?1~'~t~~I:nlaan, 94 TLX: 7264 99 1364 Hvalstad 

~~~~~~~6 01 60 
~~~~5~6210 Jermyn 

PORTUGAL ~~~~=e 
DENMARK Sevenoaks 

Dittam KentTN145EU 
ITT -Multikompooent 
Naverland 29 

Avenlda Marques de Tomar, 46-A 
1000LIsboa ~~~Ws~~2450144 

~~iJiti56645 ~~~V4~~f' 34 MMD 
Unit 8 Southview Park 

SPAIN Caversham 
FINLAND Readinp 

S.A. Berkshire RG4 OAF 
OY Fintronlc AB Viana, 6 ~~~~~~816 66 Melkonkatu 24A 
00210 Helsinki 

m<f~2~~'f22 Rapid Silicon 
Rapid House 

IRELAND m-SESA Denmark Street 
FRANCE ~:b~oM~:~:ngel, 21-3 High Wycombe 

Tel: 419 09 67 ~~ri~:~r:6HP112ER 
TLX: 27461 

as 
SWEDEN Rapid Systems 

Rapid House 
Nordlsk Elektronik AB Denmark$treet 

ISRAEL Huvudstagatan 1 High Wycombe 
Box 1409 ~lli~~~~74HP112ER 17127 Solnl 
Tei: 08-734 97 70 
TLX: 10547 

YUGOSLAVIA 
SWITZERLAND 

Industrade A.G. 
H.R. MicroelectronICs Corp. 

~:~~~R:ieres 2005 de Ia Cruz Blvd., Ste. 223 
ITALY Hertlstrasse31 Santa Clara, CA 95050 

4, av. Laurent-Cely 6304 Wallisellen U.S.A. 
92606 Asnieres Cedex Intesl lli<~\~V~3 05 04 0 ~~~f1'rl4~8-0286 
~~f~1~~:g 82 40 

DlvlSione ITT Industries GmbH 
VlaleMllanoflori 
Palazzo Et5 TURKEY 
20090 Assago 

EMPAElectronlc Milano 

~~~~§~~01 Lindwurmstrasse 95A 
8000 Muenchen 2 

~: ~:rg~:tI~f2~' 
20092 Clnlsello Balsamo 

~~~~~r570 

Milano 

~~~12 

"FI8Id Application location CG/SAL4/070788 



INTERNATIONAL SALES OFFICES 

AUSTRALIA 

Intel Australia Pty, Lid' 

~cgc~~~mcBH~~gLeve' 6 
Crows Nest, NSW, 2065 
Tel: (2)957-2744 
TLX: AA 20097 
FAX: (2) 923-2632 

BRAZIL 

Intel Semlcondutores do Brasil L TOA 
Av, Paulista, 1159-CJS 404/405 
01311 - Sao Paulo - S.P 
Tel: 55-11-287-5899 
TLX: 1153146 SAPI BR 
FAX: 55-11-212-7631 

CHINA/HONG KONG 

Intel PRC Corporation 

j~: G~~I~e~' ~i~iCS~:~~1 
~:1!1~1' :0'6~850 
Tl)(' 22947 INTEL eN 
FAX: (1) 500-2953 

Intel Semiconductor Ltd: 
10fF East Tower 
Bond Center 
Queensway, Central 

~~ri~'-~~IHK HX 
FAX: (5)8681-969 

JAPAN 

InlelJapan K.K. 
5-6 Tokodai, Tsukuba-shl 
Ibaraki,300-26 
Tel: 029747-8511 
TLX: 3656-160 
FAX: 029747-8450 

~!~I~~f~~rS~9~~ld9 
1-8889 Fuchu-cho 

~~~'04~~~6~?7kl711 83 
FAX: 0423-60-0315 

Intel Japan K.K: 
Flower-Hill Shin-machl Bldg. 
1-23-9Shinmachi 

f:~:a8ff_~2~~2i~kYO '54 
FAX: 03-427-7620 

Intel Japan K.K: 

~~~8'HK~n~~~~ya 
~~,7'8235~tj8~fitama 360 
FAX: 0485-24-7518 

~:f~~~~:i~~i'~~sashi-koSU9i Bldg 
915 Shmmaruko, Nakahara-ku 
Kawasaki-shi,Kanagawa211 
Tel: 044-733-7011 
FAX: 044-733-7010 

JAPAN (Cont'd.) 

~~~~X~~;~:~~~9i Bldg. 

~~rW~~S!2~~~3~awa 243 
FAX: 0462-29-3781 

Intel Japan K.K." 
Ryokuchi-Ekl Bldg 
2-4-1 Terauchl 

i~r:~~~~~3~~69~saka 560 
FAX. 06-863-1084 

Int~IJapan KK. 
ShmrraruBldg. 
1-5-1 Marunouchl 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 
FAX. 03-201-6850 

~i:~~agld~.K.K 
1-16-20Nlshiki 
~i~~~:~O Nagoya-shl 
Tel: 052-204-1261 
FAX. 052-204-1285 

KOREA 

~~;li~:;shc~l~t~~ ~~;~' F~~~r 
61, YOldo-Dong, Young Deung Po-Ku 
Seoul 150 
Tel:(2)784-8186,8286,8386 
TLX: K293121NTELKQ 
FAX: (2)784-8096 

SINGAPORE 

TAIWAN 

Intel Technology (Far East) Ltd 
Taiwan Branch 
10/F. No 205, Tun Hua N Aoad 
Talpel,R.O C. 
Tel: 886-2-716-9660 
TLX: 13159 INTEL TWN 
FAX: 886-2-717-2455 

INTERNA TIONAL 
DISTRIBUTORS/ REPRESENTATIVES 

ARGENTINA 

DAFSYS S.RL 
Chacabuco, 90-4 PISO 
1069-Buenos Aires 
Tel: 54-1-334-1871 

54-1-334-7726 
TLX: 25472 

Reycom Electronica S.R.l. 
Arcos 3631 
1429-BuenosAires 
Tel: 54 (1) 701-4462/66 

~~; ~,<~~ ~EVJ6M AR 

AUSTRALIA 

Total Electronics 

~r~:::e~~tr~~ 
Burwood, Victoria 3125 
Tel: 61-3-288-4044 
TLX: AA 31261 
FAX: 61-3-288-9696 

BRAZIL 

Elebra Mlcroelectronica 
R. Geraldo Flausina Gomes, 78 
9 Andar 
04575 - Sao Paulo - S.P. 
Tel: 011-55-11-534-9637 
TLX: 3911125131 ELBR BR 
FAX: 55-11-534-9424 

CHILE 

DIN Instruments 
Suecia 2323 
Casilla 6055, Correo 22 

f:r~~~~-225-6139 
TLX: 440422 RUDY CZ 

CHINA/HONG KONG 

~1~r~,p2gc~~~~~f~~r~~~~I~g~" Ltd. 
Phase 1, 26 Kwai Hei Street 
N.T., Kowloon 

~~~~~O~223-222 
TWX: 39114 JINMI HX 
FAX: 852-0-261-602 

'Fleld Application Location 

INDIA 

Mlcromc Devices 
ArunComplex 
No. 65 D.v.G. Road 
Basavanagudi 

~:I~~~I~f2:gg0~ral 
011-91-812-621-455 

TLX: 0845-8332 MD BG IN 

Micronic Devices 
Flat 403, Gagan Deep 
12, RaJendraPlace 
New Delhi 110 008 
Tel: 91-58-97-71 

011-91-57-23509 
TLX: 03163235 MONO IN 

Micronic Devices 
No. 516 5th Floor 
Swastik Chambers 
Sion, Trombay Road 
Chembur 
Boml'ay 400 071 
Tel: 91-52-39-63 
TLX: 9531171447 MDEV IN 

S&S Corporation 
Camden Business Center 
Suite 6 
1610 Blossom Hill Rd. 
San Jose, CA 95124 
U.S.A. 
Tel: (408) 978-6216 
TLX: 820281 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita-ku 
KitakyuShu-shi802 
Tel: 093-511-6471 
FAX: 093-551-7861 

C. Itoh Techno-Science Co., Ltd. 

~f~i~~~d7~4ij~ ~~;ta-Aoyama 
FAX: 03-4974879 

JAPAN (Cont'd.) 

SJ:C~~~~4~nl~7~~~;~~~~jaya 
~:~:a8~!4a8~~d3~~kYO 15 
FAX: 03-487~8088 

Okaya Koki 
2-4-18 Sakae 

~:I~~-~2:2~4?~Jla6shl 460 
FAX: 052-204~2901 

Ryoyo Electro Corp 
KonwaBldg. 
1-12-22 Tsuklji 

~~I~g3~54~~~6fl1 04 
FAX: 03-546-5044 

KOREA 

J-TekCorporation 
6th Floor, Government Pension Bldg. 

~~;~n~d~d~~~~~~u 
Seoul 150 
Tel: 82-2-782-8039 
TLX: 25299 KODIGIT 
FAX' 82-2-784-8391 

Samsung Semiconductor & 
Telecommunications Co., Ltd. 
150, 2-KA, Tafpyung-ro, Chung-ku 
SeoullQO 
Tel: 82-2-751-3987 
TLX: 27970 KORSST 
FAX: 82-2-753-0967 

MEXICO 

DicopelS.A. 
Tochtli 368 Fracc. Ind. San Antonio 

~~~~g2i6~~~eXico, 0 F. 
Tel: 52-5-561-3211 
TLX: 1773790 DICOME 

Northrup Instruments & Systems Ltd 

~~6.KJ~:9~~~ NAe~~arket 
Auckland 1 
Tel: 64~9-501-219, 501-801 
TLK 21570 THERMAL 

Northrup Instruments & Systems Ltd. 
P.O. Box 2406 

'fei:ll~l~~B~:_~~~8 
TLX: NZ3380 NORTHAC 
FAX: 64-4-857276 

StNGAPORE 

Electronic Aesources Pte, Ltd. 
17 Harvey Road #04-01 

~~IP~K3!081~~~89-1618 
TWX: 56541 FRELS 
FAX' 2895327 

SOUTH AFRICA 

Electronic BUilding Elements, Ply. Ltd. 
P.O 80x4609 
Pine Square, 18th Street 
Hazelwood, Pretoria 0001 
T81:27-12-469921 
TLX. 3-227786 SA 
FAX: 0927-012-46-9221 

TAIWAN 

MitacCorporatlon 
No. 585, Mlng Shen East Rd 
Taipei, A O.C 
Tel: 886-2-501-8231 
FAX: 886-2-501-4265 

Sertek 
5FL, 135 Sec. 2 
Chlen-Kuo N. Ad. 
~~8~.10479 
Tel: (02) 5010055 
FAX: (02) 5012521 

(02)5058414 

VENEZUELA 

P. BenavidesS.A 
Avilanesa RIO 
ResldenclaKamarata 
Locales 4 A17 
La Candelaria, Caracas 
Tel: 58-2-571-0396 
TLX: 28450 PBVEN VC 
FAX: 58-2-572-3321 
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ALABAMA 

Intel Corp. 
5015 Bradford Dr., #2 
Huntsville 35805 
Tel: (205) 830-4010 

ARIZONA 

Intel Corp. 
11225 N. 26th Dr. 
Suite 0-214 
Phoenix 85029 
Tel: (602) 869-4980 

Intel Corp, 
500 E. Fry Blvd., Suite M-15 
Sierra Vista 85635 
Tel: (602) 459-5010 

~~t~\ ~~r~i Dorado Place 
Suite 301 
Tucson 85715 
Tel: (602) 299-6815 

CAL.IFORNIA 

Intel Corp. 
21515 Vanowen Street 
Suite 116 

¥:,~(31a8r~O~~8~30003 

k~gb ~~rFniperial Highway 
SUIte 218 

f~~(9~3)d64~~grilO 
Intel Corp. 

~~rsOo~~~i33~~tr5~~' 
Tel: (916) 351-6143 

~~!~~:~~ta;~uite 101 

Tel: (916) 920-8096 

Intel Corp. 
4350 Executive Drive 
Suite 105 

~:I~ (~~e~04~~~lJ80 
IntelCorp.' 
400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 

~XJ~b~~Ji5~1614l4 
Intel Corp,' 
San Tomas 4 
2700 San Tomas Expressway 
2nd Floor 
Santa Clara 95051 

~tgn~:;8~g:~5 
COLORADO 

Intel Corp. 
4445 Northpark Drive 
Suite 100 

¥~II:O[3~~ ~~:~~~~0907 

St.. Suite 915 

6086 
-2289 

CONNECTICUT 

k~e~~o~Fain Road 
2nd Floor 

~:t~~~)076:J.1130 
TWX: 710-456-1199 

CALIFORNIA 

2700 San Tomas Expressway 
Sante Clara 95051 
Tel: (406) 970-1700 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 986-8086 

DOMESTIC SERVICE OFFICES 
FLORIDA MICHIGAN NORTH CAROLINA 

Intel Corp. Intel Corp. Intel Corp 
6363 NW. 6th Way 7071 Orchard Lake Road 5700 Executive Drive 
Suite 100 Suite 100 Suite 213 
Ft. Lauderdale 33309 West Bloomfield 48033 Charlotte 28212 

~~~~~b?;5~?:40007 Tel: (313) 851-8096 Tel: (704) 568-8966 

FAX: 305-772·8193 MINNESOTA Intel Corp 
2306 W. Meadowview Road 

Inlel Corp Intel Corp. Suite 206 
5850 T.G. Lee Blvd 3500 W. 80th St., Suite 360 Greensboro 27407 
Suite 340 

~)~i~t~i5:;J!sJ7 
Tel: (919) 294-1541 

Orlando 32822 

~~I~~3300~_~!g:~gg~ Intel Corp 

~~?t~ ~d2cliff Road 
MISSOURI 

Intel Corp ~:II:e(~~ 9r7~~~8022 11300 4th Street North Intel Corp. 
Suite 170 4203 Earth City Expressway 
SI. Petersburg 33716 Suite 131 OHtO 

~~x~8;?J_~~~~~:b~ ~:r~3~~r 26931~~~90 Intel Corp.' 
3401 Park Center Drive 

GEORGIA NEW JERSEV Suite 220 

Intel Corp ~!~It~~~aza III ~~U~~~5i~li208 3280 POinte Parkway 
Suite 200 Raritan Center 
Norcross 30092 Edison 08817 Intel Corp: 
Tel: (404) 449-0541 Tel: (201) 225-3000 25700 Science Park Dr 

Suite 100 
ILLINOIS Intel Corp. Beachwood 44122 

385 Sylvan Avenue ~~~Jn~62j~;i968 
knJgl~o~a~ingale Road 

Englewood Cliffs 07632 

Suite 400 ~~~~~ b~;,-~8529~ OKL.AHOMA 

~;r(3~2~~fo~gJIf Intel Corp: Intel Corp. 
Parkway 109 Offi?e Center 6801 N. Broadway 

INDIANA 328 Newman Springs Road Suite 115 
Red Bank 07701 Oklahoma City 73162 

Intel Corp. Tel: (201) 747-2233 Tel: (405) 848-8086 
6777 Purdue Road 
Suite 125 tlntel Corp OREGON 

~~:(3~?~~~~~~~83 280 Corporate Center 
7? Livingston Avenue Intel Corp. 
First Floor 15254 N.w, Greenbrier Parkway 

IOWA Roseland 07068 Building B 

~ ~lxi22001r j !g:gg~ Beaverton 97006 
Intel Corp, Tel: (503) 645-8051 
1930 St. Andrews Drive N.E. lWX: 910-467-8741 
2nd Floor NEW MEXICO 
Cedar Rapids 52402 
Tel: (319) 393-5510 Intel Corp 

8500 Menaul Boulevard N,E, 
~ni6ri W~\lam Young Parkway 
Hillsboro 97123 

KANSAS Suite B 295 Tel: (503) 681-8080 

Intel Corp, ~~~:u(~05)'ku92~~J~g PENNSYLVANIA 
8400W, 110thStreet 
Suite 170 NEW YORK Intel Corp.' 
Overland Park 66210 455 Pennsylvania Avenue 
Tel: (913) 345-2727 Intel Corp Suite 230 

127 Main Street ~~)~aibh~~1:10i~034 MARVL.AND Binghamton 13905 
Tel: (607) 773-0337 

Intel Corp: FAX: 607-723-2677 
7321 Parkway Drive South Intel Corp.' 
Suitee Intel Corp: 400 Penn Center Blvd, 
Hanover 21076 ~~~g~~sls4~~6s Office Park Suite 610 

~)~~~ b!89662?,5904~ ~~~:S(~~~h81~~t~70 Tel: (716) 425-2750 
TWX: 510-253-7391 

Intel Corp. PUERTO RICO 
7833 Walker Drive Intel Corp,' 
Suite 550 300 Motor Parkway Intel Microprocessor Corp. 
Greenbelt 20770 Hauppauge 11787 South Industrial Park 
Tel: (301) 441-1020 Tel: (516) 231-3300 P,O. Box 910 

lWX: 510-227-6236 Las Piedras 00671 
MASSACHUSETTS Tel: (809) 733-8616 

Intel Corp, 
Intel Corp.' ~~~~~~60~~~i~~s9 Center 

TEXAS 
Westford Corp. Center 
3 Carlisle Road Fishkill 12524 Intel Corp. 
2nd Floor ~ :IX~99"~_~~j =~~~g 313 E. Anderson Lane 
Westford 01886 Suite 314 

~~~j~b~:}3:l-l3~ Austin 78752 
Tel: (512) 454-3628 

CUSTOMER TRAINING CENTERS 
ILLINOIS 

~~~~~~bau7in~8\ej3#300 
Tel: (312) 3PO-5700 

MASSACHUSETTS 

3 Carlisle Road 
Westford 01886 
Tel: (617) 692-1000 

MARYLAND 

7833 Walker Dr., 4th Floor 
Greenbelt 20770 
Tel: (301) 220-3380 

SYSTEMS ENGINEERING OFFICES 
ILLINOIS 

~~~!~b~7~n~g~ej3#300 
Tel: (312) 310-8031 

NEW YORK 

300 Motor Parkway 
Hauppauge 11788 
Tel: (516) 231-3300 

TEXAS (Cont'd.) 

Intel Corp." 
12000 Ford Road 
Suite 400 
Dallas 75234 

; AIX~2211~.~~t~~~~ 
Intel Corp.' 
73?2 SW. Freeway 
SUite 1490 
Houston 77074 

~PJn~8881-~2~8:0 
UTAH 

Intel Corp. 
428 East 6400 South 
Suite 104 
Murray 84107 
Tel: (801) 263-8051 

VIRGINIA 

Intel Corp. 
1504 Santa Rosa Road 
Suite 108 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

;nJ~ll~~~~'Avenue N.E 
Suite 386 
Bellevue 98004 
Tel: (206) 453-8086 
TWX: 910-443-3002 

Intel Corp. 
408 N, Mullan Road 
Suite 102 
Spokane 99206 
Tel: (509) 928-8086 

WISCONSIN 

Intel Corp. 
330 S. Executive Dr. 
Suite 102 
Brookfield 53005 
Tel: (414) 784-8087 
FAX: (414) 796-2115 

CANADA 
BRITISH COL.UMBIA 

Intel Semiconductor of Canada, Ltd 

~~~~a~~ns~~ ~~l' Suite 202 

Tel: (604) 298-0387 
FAX: (604) 298-8234 

ONTARIO 

Intel Semiconductor of Canada, Ltd 
2650 Queensview Drive 
Suite 250 
Ottawa K2B 8H6 
Tel: (613) 829-9714 
TLX: 053-4115 

Intel Semiconductor of Canada, Ltd, 
190 Attwell Drive 
Suite 500 
Rexdale M9W 6H8 
Tel: (416) 675-2105 
TLX: 06983574 
FAX: (416) 675-2438 

QUEBEC 

Intel Semiconductor 01 Canada, L.td 
620 SI. John Boulevard 
Pointe Claire H9R 3K2 
Tel: (514) 694-9130 
TWX: 514-694-9134 
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