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Interrupt Handling

31 0
PENDING PRIORITIES 0
4
4; PENDING INTERRUPTS {
32
ENTRY 8 36  (VECTORS)
ENTRY 9 40 (VECTOR 9)
ENTRY 10 44 (VECTOR 10)
S : E
ENTR.Y 243 976 (VECTOR 243)

980 (VECTOR 244)

992 (VECTOR 247)
996 (VECTOR 248)
1000 (VECTOR 249)

1008 (VECTOR 251)

ENTRY 252 1012 (VECTOR 252)

ENTRY 255 1024 (VECTOR 255)
31 210
[ INSTRUCTION POINTER [o]o]

RESERVED ( INITIALIZE TO 0)

Figure A-15: Interrupt Table (Chapter 10)
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LOCAL, SUPERVISOR, OR INTERRUPT STACK
31 0

STACK FP

GROWTH REGISTER SAVE AREA
FOR CURRENT FRAME

ADDITIONAL VARIABLES
AND PADDING AREA
(OPTIONAL)

W

SP

INTERRUPT STACK

NSP*

PADDING AREA

STACK
GROWTH T

RESUMPTION RECORD L
FOR SUSPENDED INSTRUCTION S INTERRUPT
(OPTIONAL) RECORD

SAVED PROCESS CONTROLS
SAVED ARITHMETIC CONTROLS
VECTOR NUMBER

SR

NEW FRAME

*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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IACs

31

2423 16 15

MESSAGE TYPE

FIELD 1 FIELD 2

FIELD 3

FIELD 4

FIELD 5

12

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

Fault Handling

OVERRIDE FAULT DATA

FAULT DATA

OVERRIDE FLAGS [ OVERRIDE TYPE

OVERRIDE SUBTYPE

PROCESS CONTROLS

ARITHMETIC CONTROLS

FAULTFLAGS I

FAULT TYPE FAULT SUBTYPE

ADDRESS OF FAULTING INSTRUCTION

RESERVED

12
16

24
28
32
36
40
44

Figure A-18: Fault Record (Chapter 12)
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31 0

OVERRIDE ENTRY

TRACE FAULT ENTRY

OPERATION FAULT ENTRY

ARITHMETIC FAULT ENTRY

FLOATING-POINT FAULT ENTRY

CONSTRAINT FAULT ENTRY

VIRTUAL-MEMORY FAULT ENTRY

PROTECTION FAULT ENTRY

MACHINE FAULT ENTRY

STRUCTURAL FAULT ENTRY

TYPE FAULT ENTRY

PROCESS FAULT ENTRY

DESCRIPTOR FAULT ENTRY

EVENT FAULT ENTRY

FAULT-TABLE ENTRIES

LOCAL-PROCEDURE ENTRY
31 210

FAULT-HANDLER PROCEDURE ADDRESS

PROCEDURE-TABLE ENTRY

31 210

FAULT-HANDLER PROCEDURE NUMBER [1]o
PROCEDURE TABLE $$

31 TRACE-FAULT-PROCEDURE-TABLE ENTRY 210

TRACE-FAULT-HANDLER PROCEDURE NUMBER [1]o
PROCEDURE TABLE $S

RESERVED ( INITIALIZE TO 0)

104
112
120

252

Figure A-19: Fault Table and Fault-Table Entries (Chapter 12)
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Process Management

31 7
QUEUE RECORD 2
RECEIVE MESSAGE 8
DISPATCH PORT SS 12
RESIDUAL TIME SLICE 16
PROCESS CONTROLS 20
PROCESS NOTICE | Lock 24
TRACE CONTROLS 28

NEXT TIME SLICE

32

44

REGION 0 SS 48
REGION 1SS 52
REGION 2 SS 56
ARITHMETIC CONTROLS 60

64
68

EXECUTION TIME

72
76

T’ RESUMPTION RECORD

80

v

124

GLOBAL AND FLOATING-POINT REGISTERS

128

236

RESERVED ( INITIALIZE TO 0)

Figure A-20: PCB (Chapter 13)
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31

2120 161514131211109 8 7 6 5 2 10

I TT TTTTTITE

A A A t
TRACE ENABLE
EXECUTION MODE

TIME-SLICE RESCHEDULE
TIME SLICE

TIMING

RESUME

TRACE-FAULT PENDING
PREEMPT

REFAULT

STATE

PRIORITY

INTERNAL STATE

RESERVED ( INITIALIZE TO 0)

Figure A-21: Process Controls (Chapter 13)
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FIFO PORT

LOCK

QUEUE HEAD SS

QUEUE TAIL SS

PRIORITY PORT

N LOCK
QUEUE STATUS

QUEUE HEAD SS (PRIORITY = 0)

QUEUE TAIL SS (PRIORITY = 0)

J1

M

QUEUE HEADERS
(PRIORITIES = 1 THROUGH 30)

)1
\{|

QUEUE HEAD SS (PRIORITY = 31)

QUEUE TAIL SS (PRIORITY = 31)

RESERVED ( INITIALIZE TO 0)

PRESERVED

H o

- =2 00 b O

NN

252
256
260

Figure A-22: Ports (Chapter 14)
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Trace Control

31 23222120191817 76543210

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
CALL TRACE EVENT
RETURN TRACE EVENT
PRERETURN TRACE EVENT
SUPERVISOR TRACE EVENT
BREAKPOINT TRACE EVENT

\ \
1 ' I INSTRUCTION

RESERVED ( MUST BE INITIALIZED TO 0)

Figure A-23: Trace Controls (Chapter 16)
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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 24 23 19 18 1413 12 1110 765 4 0 REG
| OPCODE | sRubsT | sRc2 | [ [ | opcobe [o o] srcr |
K w1
M2
M3
31 24 23 19 18 1413 12 2. 1.0 COBR
| OPCODE [  sean | sec2 | ] DISPLACEMENT [0 0]
t M1
31 24 23 2 10 CTRL
| OPCODE [ DISPLACEMENT [o o]
31 24 23 19 18 1413 12 11 0 MEMA
| OPCODE SRC/DST ABASE | [o] OFFSET |
t MODE
31 24 23 19 18 14 13 109 7654 0
MEMB
| OPCODE | sropsT | ABASE | MODE | scALe [o o] iNDEXx |
bmmmmm e OPTIONALDISPLACEMENT _ _ _ _ _ _ _ _ ________ i

Figure B-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 oberations that are performed 6ri 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, 591 6 is contained in bits 24 through 31 and Lig is contained in bits 7 through 10.

The srcl and src2 fields specify source operands for the instruction. The operands can be
either registers or literals. The mode bits (m1 for srcl 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 src/ and
src2 operands.

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

Inst. Type M1 or M2 Srcl or Src2 | Register Literal
Operand Number Value
Value
Non-FP 0 00000 r0
01111 rl5
10000 g0
11111 gl5
1 00000 0
11111 31
FP 0 00000 r0
01111 rl5
10000 g0
11111 215
1 00000 fp0

00011 p3

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 srcl or src2 field

specifies a global or local register. If the mode bit is set to 1, the field specifies an ordinal
literal in the range of O to 31.

For floating-point instructions, if the mode bit is set to 0, the respective srcl 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/Dst Field in REG Format

Inst. Type | m3 | Src¢/Dst | Src Only | Dst Only
Non-FP 0 g0..gl5 |g0..g15 g0..gl15
10..r15 r0..rl5 10 ..r15
1 NA Literal NA
FP 0 NA NA g0 .. gl5
10 .. 115
1 NA NA fp0 .. 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-1. 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 IP 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 IP 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 src/ field is used. Here, this field specifies a destination
global or local register (m1 is ignored).

CTRL FORMAT

The CTRL format is used for instructions that branch to a new IP, 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 sFecifies a word
displacement (also a signed, twos complement number) that can range from -22! to 22! -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 lda instructions. Also, the extended versions of
the branch, branch-and-link, and call instructions (bx, balx, and callx) 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 src/dst field specifies a global or local
register. For load instructions, the src/dst 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 B-3: Addressing Modes for MEM Format instructions

Format | Mode | Address Computation

Bit(s)
MEMA |0 offset
1 (abase) + offset

MEMB | 0100 (abase)

0101 (IP) + displacement + 8
0110 reserved

0111 (abase) + (index) * 2scale
1100 displacement

1101 (abase) + displacement
1110 (index) * 25¢ale 4 displacement

1111 (abase) + (index) * 2scale 4 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:

o  absolute offset
o 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 O of the current process address space. The abase field is
ignored. Using this addressing mode along with the lda 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:

e absolute displacement

register indirect

» register indirect with displacement

e register indirect with index

o register indirect with index and displacement
o index with displacement

o 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 B-4: Encoding of Scale Field

Scale Scale Factor
(Multiplier)
000 1
001 2
010 4
011 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 pipelining 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-1):

e Memory Management Unit

e Bus Control Logic

e Instruction Fetch Unit and Instruction Cache

o Instruction Decoder

e Micro-Instruction Sequencer and ROM

o Instruction Execution Unit

o  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:

e When the virtual addressing mode is used.

o 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

[ro oS TTONT OMoMm M RN S e ————— -
| |
| I GLOBAL
I | TRANSLATION FLOATING- 1 REGISTERS AND
1 LOOK-ASIDE POINT I LOCAL REGISTER
1 BUFFER REGISTERS 1 SETS
| |
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I | MANAGEMENT POINT UNIT ] EXECUTION
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AND ROM INSTRUCTION
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Figure C-1: Block Diagram of the 80960MC Processor

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 128K 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.

C-2



intel° INSTRUCTION TIMING

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 1dl (load long), 1dt (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 IFU 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:

o Simple Instructions
e Floating Point and Branch Instructions
o 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 (IEU), 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 IEU). 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 dlrectly If the branches are uncondltlonal 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 pipelining 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 g0, gl
b some_location

some location:
mov gl,g2

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

cmp 0x10, r9
divi rl0, rll, rl0
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 19 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 IEU.

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 IEU 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 IEU 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 IEU 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 IEU:

o Addition and subtraction of integers and ordinals
e Moves between registers

+ Logical operations

« Bit operations

o  Shifts and rotates

e Comparisons

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

The IEU 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 IEU is able to execute the instruction in one less clock cycle.

The IEU handles the reading and writing of global and local registers. It also handles the
allocation of local registers sets on procedure calls. The IEU allocates a new set of local
registers on each procedure call. If all four register sets become allocated, the IEU automati-
cally flushes the oldest frame to the stack on the next procedure call. The IEU 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
scoreboarding 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:

1d (gl), 90

addi g2, g3, g4
addi g5, g4 ,g6
subi g0, g6, gb

Here, when the MMU and BCL initiate the 1d operation, register g0 is scoreboarded. As long
as subsequent instructions do not require the contents of g0, the ID continues to dispatch
instructions. For example, the two addi instructions above are executed while the BCL is
fetching the data for g0. If g0 is not loaded by the time the subi instruction is ready to be
executed, the IEU delays execution of the instruction until the loading of g0 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 1dl, 1dt, or ldq instructions), registers are
scoreboarded as shown in Table C-1, 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 Scoreboarded
g0 0-3
g2 0-7
g4 4-7
26 0-15
g8 8-11
gl0 8-15
gl2 12-15
gl4 0-15
Register Bypassing

The execution times of instructions in the IEU are dependent on the instruction flow. One
feature of the IEU 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 IEU
executes an instruction with two source operands, register bypassing occurs if one 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 IEU 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 src2 RESULT
src1
EXECUTION TIME
SECOND INSTRUCTION
FETCH DECODE WAIT EXECUTE | RESULT

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

The timing of the logical instructions depends on the IEU bypass mechanism described earlier

in this appendix, in particular for any instruction of the form:

alu_instruction srcl, src2, dst

If srcl 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
Execution Time
(Bypass Hit)

Worst Case
Execution Time
(Bypass Miss)

and

1

2

nand

or

nor

xor

xnor

andnot

notand

not

notor

ornot

rotate

shlo

shro

shli

shri

shrdi
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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
alterbit 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 1 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 C-8: Multiply and Divide Instruction Timing

Instruction Range of Typical Case
Significant Bits | Execution Time
mulo 9to 21 18
muli 9to 21 18
divi 37 37
divo 37 37
remo 37 37
remi 37 37
modi 37 37
emul 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 srcl operand. For example, Table C-9 shows the execution times based on the number
of significant bits in srcl:

Table C-9: Multiply/Divide Execution Times Based on Significant Bits

Srcl 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 IEU 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! 0to2(0to02)
BRANCH IF 0to2(0to1) 0to3(0to?2)
bx! 00 6 (0 to 6)
BRANCH AND 2t0 8 (2to )
LINK!
COMPARE AND 4t05(Bto4)
BRANCH?
bbs, bbc? 41053 to4)
TEST IF 0to3(0to?2) 0to4 (0to3)
FAULT IF 0to2(0to1) 0to3(0to?2)
Notes:

1. 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 callx 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 normally 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-11 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

lda 1 to 5 (typical 2)
ldphy 17
inspacc 29

Load Instructions

A load instruction requires the following steps:

Instruction Fetch

Decode

Compute Effective Address/Scoreboard Register(s)
Address translation through the MMU

Place Address on Bus

Wait State(s)

Receive Data on Bus

e BN O i M

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

DECODE EXECUTE

Id INSTRUCTION

EFFECTIVE | ADDRESS ADDRESS DATA ON DATAIN
FETCH DECODE ADDRESS IN MMU ONBUS WAIT BUS REGISTER
4 I
A L4
EXECUTION TIME

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

DECODE EXECUTE

Id INSTRUCTION

EFFECTIVE | ADDRESS ADDRESS WAIT DATA ON DATAIN

FETCH DECODE ADDRESS IN MMU ONBUS BUS REGISTER
4 'Y
] | 4
EXECUTION TIME

UNRELATED INSTRUCTION

FETCH DECODE EXECUTE 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

EFFECTIVE | ADDRESS ADDRESS WAIT DATA ON DATAIN
ADDRESS IN MMU ONBUS BUS REGISTER

FETCH DECODE

SECOND Id INSTRUCTION

EFFECTIVE | ADDRESS | ADDRESS DATA ON DATAIN
FETCH DECODE ADDRESS INMMU ON BUS WAIT BUS REGISTER

'}
| 4

VN

EXECUTION TIME FOR BOTH INSTRUCTIONS

Figure C-5: 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 IEU, 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-15 gives typical execution times for these instructions. The following assumptions are
made in computing these times:

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

e Regions are assumed to be paged

o  Faults do not occur

e When enqueuing occurs, the queue is empty

o  When dequeuing occurs, one entry is on the queue

e  All communication ports are assumed to be FIFO ports

e  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 5to7
movre 7to08
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 (typical 13)
mulr 11 to 22 (typical 20)
mulrl 14 to 43 (typical 36)
divr 35
divrl 77
cmpr 10
cmprl 12
cmpor 10
cmporl 12
cvtri 251033
cvtril 26 to 35
cvtilr 41 to 45
cvtilr 42 to 46
cvtzri 41to 45
cvtzril 42 to 46
roundr 56 to 69
roundrl 56 to 70
scaler 28
scalerl 30
logbnr 32t041
logbnrl 32t043
classr 22024
classrl 221024
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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
ldtime 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:

e Aninitial memory image (as shown in Figure 9-5

e Aninterrupt table

e A fault table

e A system procedure table

e A set of dummy interrupt and fault handler routines

e A dispatch port

e A set of dummy system procedures

e 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.
Copy the PCBs for the two processes into RAM.

7. Execute a restart processor IAC, 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:

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

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

e 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.

o 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:

e startup.s
o f table.lst
e i_table.lst
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e initial_frame.lst
e macs.m4

o f handle.c

e i_handle.c

o fix_pte.c

e progl.c

e prog2.c

e ledh

e passl.ld
e passla.ld
e pass2.ld

The startup.s, f table.lst, i_table.lst, initial_frame.lst, and macs.m4 files contain assembly code
for the Intel 80960MC Assembler. (The files with an ./sz 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.lst and
f table.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 frame.lst code creates a stack frame for each process.

f_handle.c, i_handle.c, and fix _pte.c files contain C program modules that are also used to
build the initial memory image. The f handle.c and i _handle.c programs create the dummy
fault and interrupt handler routines; the fix_pte.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 pass!.ld, passla.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, f table.lst, i_table.lst, initial_frame.lst, and
macs.m4. (Here the ".s" files are made up of the assembly code only from the ".Ist" files
listed above.)

2. Compile the C code in files f handle.c, i_handle.c, fix_pte.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_frame.0, using the 80960 linker. This operation creates
the virtual address space for process 1, with code starting at address 0,¢, data at address
4000000016, the stack at address 8000000016, and region 3 at COOOOOOO1 6 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 passla.ld command file. The script in this file create a virtual address space for
process 2, by linking the object modules prog2.o and initial_frame.0.

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./d directs the linker to locate the linked code at
address 0.

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

startup.s

/%
*/

include (‘macs.m4’)

/* mmm—— externals */

.globl seg_table_ptr
.globl prcb_ptr

.globl start_ip

.globl csl

.globl _pl_region_0_pte
.globl _pl region_l_pte
.globl _pl region_2_pte
.globl _p2 region_0_pte
.globl _p2 region_l_pte
.globl _p2 region_2 pte
.globl _region_3_pte

/* m—m—m core initialization block ———= */

.word seg_table_ptr
.word  prcb_ptr

.word 0
.word start_ip
.word  csl /* calculated at link time -- */
.word 0 /* csl = -(segtab + PRCB + startup) */
.word 0
.word -1
[’ m———— segment table offsets */
.set sys_proc_table_st,2
.set pl_region_0_st,3
.set pl_region_1_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,10
.set p2_region_2_st,11

.set LPCB1_st, 12
.set LPCB2_st,13

/* —mmm-- region sizes ~---- */
/* nominal object size = (size+l) * 64kb */
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set pl_region_0_size, 0
set pl_region_1_size,0
set pl_region_2_size,0
set p2_region_0_size,0
set p2_region_1_size,0
.set p2_region_2_size,0
.set region_3_size,0x3f /* as large as possible */

initial PRCB -- --

This PRCB (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 PRCB (below)

*/
.align 6
prcb_ptr:
.word 0x0 /* 0 - reserved */
.word 0x00000008 /* 4 - processor state = idle */
.word 0x0 /* 8 - reserved */
.word 0x0 /* 12 - current process */
.word  0x0 /* 16 - dispatch port */
.word intr_table /* 20 - table physical address */
.word  _intr_stack /* 24 - interrupt stack pointer */
/* Note: G15 is the frame pointer and */
/* is initialized to int_stack at reset */
.word  0x0 /* 28 - reserved */
SS(region_3_st) /* 32 - region 3 */
.word sys_proc_table /* 36 - system procedure table */
.word  fault_table /* 40 - fault table */
.word  0x0 /* 44 - reserved */
.space 12 /* 48 - reserved */
.word  0x0 /* 60 - reserved */
.space 8 /* 64 - idle time */
.word 0x0 /* 72 - system error fault */
.word  0x0 /* 76 - reserved */
.space 48 /* 80 - resumption record */
.space 44 /* 128 - system error fault record */
[* e linear PRCB ————=—=-———-—ooooo oo */
.align 12
lprcb_ptr:
.word  0x0 /* 0 - reserved */
.word (1<<10) | (1<<3) /* 4 - addr. trans. on (linear)
, state idle */
.word 0x0 /* 8 - reserved */
.word  0x0 /* 12 - current process */
SS(d_port_st) /* 16 - dispatch port */
.word intr_table /* 20 - table physical address */
.word 0xc0000000 /* 24 - interrupt stack pointer
(beginning of region 3) */
/* Note: G15 is the frame pointer and */
/* is initialized to int_stack at reset */
.word  0x0 /* 28 - reserved */
SS(region_3_st) /* 32 - region 3 */
SS(sys_proc_table_st) /* 36 - system procedure table */
.word fault_table /* 40 - fault table phys. addr. */
.word  0x0 /* 44 - reserved */
.space 12 /* 48 - reserved */
.word  0x0 /* 60 - reserved */
.space 8 /* 64 - idle time */
.word 0x0 /* 72 - system error fault */
.word  0x0 /* 16 - reserved */
.space 48 /* 80 - resumption record */
.space 44 /* 128 - system error fault record */
.text

[ K KRR KKK KKK K KKK KK K Kk Kk K K KKk Kk kK Kk ok ok ko ok ok kK kA Rk ok Rk ke Kk ok kR ok ko /)

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

.align 6
sys_proc_table:
.word

0

# Reserved

*/
*/
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sup_stack:

proc_entry 0:

proc_entry 1:

.word 0 # Reserved 4
.word 0 # Reserved 8
.word sup_stack # Supervisor stack pointer 12
.word 0 # Preserved
.word 0 # Preserved
.word 0 # Preserved
.word 0 # Preserved
.word 0 # Preserved
.word 0 # Preserved
.word 0 # Preserved
.word 0 # Preserved
.word proc_entry 0 # Procedure entry 0
.word proc_entry_ 1 # Procedure entry 1
.word 0 # Dummy stack and procedure code space
.word 0 # place stack in ram if used.
.word O
—————————————— linear process #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.

| d port | =-=> | PCB 1 | ---> | PCB 2 |

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

lpcbl_ptr:
SS (LPCB2_st) /* queue record */
SS(d_port_st)
.word 0 /* received mess. */
S8 (d_port_st) /* disp. port SS */
.word 0x1000 /* resid. time slice */
.word (1<<1) | (1<<8) | (1<<7) | (1<<6

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

.word 0 /* process notice */
.word 0 /* trace controls */
.word 0 /* reserved */
.word 0 /* reserved */
.word 0 /* reserved */
.word 0 /* reserved */
S$S(pl_region_0_st) /* region 0 Segment selector */
SS(pl_region_1_st) /* region 1 Segment Selector */
SS(pl_region_2_st) /* region 2 Segment Selector */
.word  0x10000000 /* arith. controls:inexact mask */
.word 0 /* reserved */
.word  0x1000 /* next time slice */
.space 8 /* execution time */
.space 48 /* resumption record */
.space 60 /* global registers g0..gl4 */
.word 0x80000000 /* initial frame pointer */
.space 48 /* floating point registers */

/% ——— linear process #2
.align 12

lpcb2_ptr:
SS(LPCB1_st) /* queue record */
S8 (d_port_st)
.word 0 /* received mess. */
Ss(d_port_st) /* disp. port SS */
.word  0x1000 /* resid. time slice */

.word (1<<1) | (1<<8) | (1<<7) | (1<<6)

/* priority 1, supervisor mode */
.word 0 /* process notice */
.word 0 /* trace controls */

D-6
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.word 0 /* reserved */
.word 0 /* reserved */
word 0 /* reserved */
.word 0 /* reserved */
SS(p2_region_0_st) /* region 0 Segment selector */
SS(p2_region_1_st) /* region 1 Segment Selector */
SS(p2_region_2_st) /* region 2 Segment Selector */
.word 0x10000000 /* arith. controls:inexact mask */
.word 0 /* reserved */
.word  0x1000 /* next time slice */
.space 8 /* execution time */
.space 48 /* resumption record */
.space 60 /* global registers g0..gl4 */
.word 0x80000000 /* initial frame pointer */
.space 48 /* floating point registers */

[* mmmmm e initial segment table -
.align 12

seg_table_ptr:
null_seg() /* ste 0 No entry */
null_seg() /* ste 1 No entry */
small_seg(sys_proc_table) /* ste 2 */
paged_region(_pl_region_0_pte,pl_region 0_size) /* ste 3 */
paged_region(_pl_region_l_pte,pl_region_1_size) /* ste 4 */
paged_region(_pl_region_ 2 pte,pl_region_2_size) /* ste 5 */
paged_region(_region_3_pte,region_3_size) /* ste 6 */
port_seg(d_port) /* ste 7 */
simple_region(seg_table_ptr) /* ste 8 */
paged_region(_p2_region_0_pte,p2_region_0_size) /* ste 9 */
paged_region(_p2_region_l_pte,p2_region_l_size) /* ste 10 */
paged_region(_p2_region_2_pte,p2_region_2_size) /* ste 11 */
small_seg(lpcbl ptr) /* ste 12 */
small seg(lpcb2_ptr) /* ste 13 */

Yt other misc. stuff

/* these are the entries for the page tables in memory.
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
Region 3 page tables contain entries
for memory mapped I/0 (located at physical address 0x11000000,

0%14000000) which will be mapped to the

the appropriate size.

0x12000000, 0x13000000,

corresponding linear addresses

*/

.data

.align 6
_pl_region_0_pte: .space (pl_region_0_size+l)*64
_Pl_region_1_pte: .space (pl_region_1_size+l)*64
_Pl_region_2_pte: .space (pl_region_2_size+l)*64
_p2_region_0_pte: .space (p2_region_0_size+1l)*64
_p2_region_1_pte: .space (p2_region_l_size+l)*64
_P2_region_2_pte: .space (p2_region_2_size+l)*64
_region_3_pte: .space (256%3)%*4

page_entry (0x11000000) /* lin: 0xc030000

page_entry(0x12000000) /* 1i
page_entry(0x13000000) /* 1i

: 0xc030100
: 0xc030200

page_entry(0x14000000) /* lin: 0xc030300
.space (256-4)*4

/* the space below contains the dispatch port.
statically created in this module,
with processes ready to dispatch.

0
0
0
0

*/
*/
*/
*/

This structure will be
to indicate a priority port
The entry for Priority

0 contains a head pointer to process 1 and a tail pointer to

process 2.

*/
.align 6
d_port: .word (1<<16) /* Priority Port
.word 0x1 /* 1 message at 0
SS(LPCB1_st) /* Queue Head prior 0
SS(LPCB2_st) /* Queue Tail prior 0
.space 31*2 /* Head & Tail for 1-31
proirity entries
/* The processor begins code execution here after reset.
.align 8

*/
*/
*/
*/

*/

*/

*/
We will allocate
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.text

start_ip:

/* set up an initial stack frame in memory */
lda _intr_stack, fp
lda -0x40 (fp), pfp
lda 0x40 (fp), sp
ldconst 0xd8, r3
st r3, 8(pfp)
st fp, 4(pfp)
call callnext

callnext:
mov 0, gl4
lda 0x3b001000, g0

modac g0, g0, g0

/* 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.

*/
callx _fix ptes

/* Generate an IAC to restart the processor using the Linear PRCB

*/
lda 0x££000010, g0
lda rstart_data, gl
synmovqg g0,gl

.data

.align 2

rstart_data: .word  0x81000000 /* restart Processor IAC */

.word seg_table_ptr /* pointer to segment table */
.word  lprcb_ptr /* pointer to new PRCB */
.word 0
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f_table.lIst

® LU WO

0000
0000
0000
0000
0000
0000
0000
0004
0008
000c
0010
0014
0018
001c
0020
0024
0028
002c
0030
0034
0038
003c
0040
0044
0048
004c
0050
0054
0058
005¢c
0060
0064
0068
006¢c
0070
0074
0078
007c¢
0080
0084
0088
008c
0090
0094
0098
009c
00a0
00a4
00a8
00ac
00b0
00b4
00b8
00bc
00cO
00c4
00c8
00cc
00d0
00d4
00d8
00dc
00e0
00e4
00e8
00ec
00f0
00f4
00£8
00fc

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

# 1 "f table.s"

SN

Type
Type
Type
Type
Type
Type
Type
Type
Type
Type
Type
Type
Type
Type
Type
Type

Type

.globl fault_table
.align 8

fault_table:
.word _user_override; #
.word #
.word  _user_trace; #
.word 0 #
.word _user_operation;
.word 0 #
.word _user_arithmetic;
.word 0 #
.word _user_real_ arithmetic;
.word #
.word _user_constraint;
.word #
.word _user_vm;
.word #
.word _user_protection;
.word #
.word _user_machine; #
.word #
.word _user_structural;
.word 0 #
.word _user_type;
.word #
.word _user_reserved_ll1f;
.word 0 #
.word _user_process;
.word 0 #
.word _user_descriptor;
.word #
.word _user_event;
.word #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word #
.word _user_reserved #
.word #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word 0 #
.word _user_reserved #
.word #
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29

30

31

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler
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i_table.Ist

® LU W PO

©

0000
0000
0000
0000
0000
0000
0004
0024
0028
002¢c
0030
0034
0038
003c
0040
0044
0048
004c
0050
0054
0058
005¢c
0060
0064
0068
006c
0070
0074
0078
007¢
0080
0084
0088
008c
0090
0094
0098
009¢c
00a0
00a4
00a8
00ac
00b0
00b4
00b8
00bc
00c0
00c4
00c8
00cc
00d0
00d4
00d8
00dc
00e0
00e4
00e8
00ec
00£0
00£f4
00£8
00fc
0100
0104
0108
010c
0110
0114
0118
Ollc
0120
0124
0128
012c

00000000

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

# 1 "i_table.s"

.globl
.align
intr_table:
.word
Lfill
.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

intr_table
6

0 # Pending
8,4,0 # pending

_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
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Priorities
Interrupts

interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt

0

4 + (0->7)*4

table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table

entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
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0200
0204
0208
020c
0210
0214
0218
021c
0220
0224
0228
022c
0230
0234
0238
023c
0240
0244
0248
024c
0250
0254
0258
025¢c
0260

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
70000000
22000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.woxrd
.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

_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
_user_intrh;
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interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt
interrupt

table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table

entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
enLry
entry
entry
enlry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry

entry 1

entry
entry
entry
entry
entry

entry 1

entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry

104
105
106

115

133
134
135
136
137
138
139
140
141
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151 0264 00000000 .word _user_intrh; # interrupt table entry 142
152 0268 00000000 .word _user_intrh; # interrupt table entry 143
153 026c 00000000 .word _user_intrh; # interrupt table entry 144
154 0270 00000000 .word _user_intrh; # interrupt table entry 145
155 0274 00000000 .word _user_intrh; # interrupt table entry 146
156 0278 00000000 .word _user_intrh; # interrupt table entry 147
157 027c 00000000 .word _user_intrh; # interrupt table entry 148
158 0280 00000000 .word _user_intrh; # interrupt table entry 149
159 0284 00000000 .word _user_intrh; # interrupt table entry 150
160 0288 00000000 .word _user_intrh; # interrupt table entry 151
161 028c 00000000 .word _user_intrh; # interrupt table entry 152
162 0290 00000000 .word  _user_intrh; # interrupt table entry 153
163 0294 00000000 .word _user_intrh; # interrupt table entry 154
164 0298 00000000 .word _user_intrh; # interrupt table entry 155
165 029%9c 00000000 .word _user_intrh; # interrupt table entry 156
166 02a0 00000000 .word _user_intrh; # interrupt table entry 157
167 02a4 00000000 .word _user_intrh; # interrupt table entry 158
168 02a8 00000000 .word _user_intrh; # interrupt table entry 159
169 02ac 00000000 .word  _user_intrh; # interrupt table entry 160
170 020 00000000 .word  _user_intrh; # interrupt table entry 161
171 02b4 00000000 .word _user_intrh; # interrupt table entry 162
172 02b8 00000000 .word _user_intrh; # interrupt table entry 163
173 02bc 00000000 .word _user_intrh; # interrupt table entry 164
174 02c0O 00000000 .word _user_intrh; # interrupt table entry 165
175 02c4 00000000 .word _user_intrh; # interrupt table entry 166
176 02c8 00000000 .word _user_intrh; # interrupt table entry 167
177 02cc 00000000 .word _user_intrh; # interrupt table entry 168
178 02d0 00000000 .word _user_intrh; # interrupt table entry 169
179 02d4 00000000 .word  _user_intrh; # interrupt table entry 170
180 02d8 00000000 .word _user_intrh; # interrupt table entry 171
181 02dc 00000000 .word _user_intrh; # interrupt table entry 172
182 02e0 00000000 .word _user_intrh; # interrupt table entry 173
183 02e4 00000000 .word _user_intrh; # interrupt table entry 174
184 02e8 00000000 .word  _user_intrh; # interrupt table entry 175
185 02ec 00000000 .word _user_intrh; # interrupt table entry 176
186 02£0 00000000 .word  _user_intrh; # interrupt table entry 177
187 02f4 00000000 .word _user_intrh; # interrupt table entry 178
188 02£8 00000000 .word _user_intrh; # interrupt table entry 179
189 02fc 00000000 .word _user_intrh; # interrupt table entry 170
190 0300 00000000 .word _user_intrh; # interrupt table entry 171
191 0304 00000000 .word _user_intrh; # interrupt table entry 172
192 0308 00000000 .word  _user_intrh; # interrupt table entry 173
193 030c 00000000 .word  _user_intrh; # interrupt table entry 174
194 0310 00000000 .word _user_intrh; # interrupt table entry 175
195 0314 00000000 .word _user_intrh; # interrupt table entry 176
196 0318 00000000 .word _user_intrh; # interrupt table entry 177
197 031c 00000000 .word _user_intrh; # interrupt table entry 178
198 0320 00000000 .word _user_intrh; # interrupt table entry 179
199 0324 00000000 .word _user_intrh; # interrupt table entry 180
200 0328 00000000 .word  _user_intrh; # interrupt table entry 181
201 032c 00000000 .word  _user_intrh; # interrupt table entry 182
202 0330 00000000 .word _user_intrh; # interrupt table entry 183
203 0334 00000000 .word _user_intrh; # interrupt table entry 184
204 0338 00000000 .word _user_intrh; # interrupt table entry 185
205 033c 00000000 .word _user_intrh; # interrupt table entry 186
206 0340 00000000 .word _user_intrh; # interrupt table entry 187
207 0344 00000000 .word _user_intrh; # interrupt table entry 188
208 0348 00000000 .word _user_intrh; # interrupt table entry 189
209 034c 00000000 .word _user_intrh; # interrupt table entry 190
210 0350 00000000 .word _user_intrh; # interrupt table entry 191
211 0354 00000000 .word _user_intrh; # interrupt table entry 192
212 0358 00000000 .word _user_intrh; # interrupt table entry 193
213 035¢c 00000000 .word  _user_intrh; # interrupt table entry 194
214 0360 00000000 .word _user_intrh; # interrupt table entry 195
215 0364 00000000 .word _user_intrh; # interrupt table entry 196
216 0368 00000000 .word _user_intrh; # interrupt table entry 197
217 036c 00000000 .word _user_intrh; # interrupt table entry 198
218 0370 00000000 .word _user_intrh; # interrupt table entry 199
219 0374 00000000 .word _user_intrh; # interrupt table entry 200
220 0378 00000000 .word _user_intrh; # interrupt table entry 201
221 037c 00000000 .word _user_intrh; # interrupt table entry 202
222 0380 00000000 .word _user_intrh; # interrupt table entry 203
223 0384 00000000 .word _user_intrh; # interrupt table entry 204
224 0388 00000000 .word _user_intrh; # interrupt table entry 205
225 038c 00000000 .word _user_intrh; # interrupt table entry 206
226 0390 00000000 .word _user_intrh; # interrupt table entry 207
227 0394 00000000 .word _user_intrh; # interrupt table entry 208
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228 0398 00000000 .word _user_intrh; # interrupt table entry 209
229 039c 00000000 .word _user_intrh; # interrupt table entry 210
230 03a0 00000000 .word  _user_intrh; # interrupt table entry 211
231 03a4 00000000 .word  _user_intrh; # interrupt table entry 212
232 03a8 00000000 .word _user_intrh; # interrupt table entry 213
233 03ac 00000000 .word _user_intrh; # interrupt table entry 214
234 03b0 00000000 .word _user_intrh; # interrupt table entry 215
235 03b4 00000000 .word  _user_intrh; # interrupt table entry 216
236 03b8 00000000 .word  _user_intrh; # interrupt table entry 217
237 03bc 00000000 .word _user_intrh; # interrupt table entry 218
238 03c0 00000000 .word _user_intrh; # interrupt table entry 219
239 03c4 00000000 .word _user_intrh; # interrupt table entry 220
240 03c8 00000000 .word _user_intrh; # interrupt table entry 221
241 03cc 00000000 .word _user_intrh; # interrupt table entry 222
242 03d0 00000000 .word _user_intrh; # interrupt table entry 223
243 03d4 00000000 .word _user_intrh; # interrupt table entry 224
244 03d8 00000000 .word _user_intrh; # interrupt table entry 225
245 03dc 00000000 .word  _user_intrh; # interrupt table entry 226
246 03e0 00000000 .word _user_intrh; # interrupt table entry 227
247 03e4 00000000 .word _user_intrh; # interrupt table entry 228
248 03e8 00000000 .word _user_intrh; # interrupt table entry 229
249 03ec 00000000 .word _user_intrh; # interrupt table entry 230
250 03f0 00000000 .word _user_intrh; # interrupt table entry 231
251 03f4 00000000 .word  _user_intrh; # interrupt table entry 232
252 03f8 00000000 .word _user_intrh; # interrupt table entry 233
253 03fc 00000000 .word _user_intrh; # interrupt table entry 234
254 0400 00000000 .word _user_intrh; # interrupt table entry 235
255 0404 00000000 .word  _user_intrh; # interrupt table entry 236
256 0408 00000000 .word _user_intrh; # interrupt table entry 237
257 040c 00000000 .word _user_intrh; # interrupt table entry 238
258 0410 00000000 .word _user_intrh; # interrupt table entry 239
259 0414 00000000 .word _user_intrh; # interrupt table entry 240
260 0418 00000000 .word  _user_intrh; # interrupt table entry 241
261 041c 00000000 .word _user_intrh; # interrupt table entry 242
262 0420 00000000 .word _user_intrh; # interrupt table entry 243
263 0424 00000000 .word _user_intrh; # interrupt table entry 244
264 0428 00000000 .word _user_intrh; # interrupt table entry 245
265 042c 00000000 .word _user_intrh; # interrupt table entry 246
266 0430 00000000 .word _user_intrh; # interrupt table entry 247
267 0434 00000000 .word  _user_intrh; # interrupt table entry 248
268 0438 00000000 .word _user_intrh; # interrupt table entry 249
269 043c 00000000 .word _user_intrh; # interrupt table entry 250
270 0440 00000000 .word _user_intrh; # interrupt table entry 251
271 0444 00000000 .word _user_intrh; # interrupt table entry 252
272 0448 00000000 .word _user_intrh; # interrupt table entry 253
273 044c 00000000 .word _user_intrh; # interrupt table entry 254
274 0450 00000000 .word _user_intrh; # interrupt table entry 255
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ini

® Lo WO

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0004
0008
000c

tial_frame.lst

00000000
80000010
00000000

# 1 "initial frame.s"

.data
word
.word
.word

. space

0
0x80000010
0

13*4
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macs.m4
/*
* some macros for building 80960 data structures.
*/
/*
* SS(ste) ==> construct an SS.
*/
define(‘ss’, ‘.word  (($1)<<6) | Ox3f;’)
/*
* simple_region(addr) ==> build seg. table for simple region.
*/
define (‘simple_region’, *
.space 8
.word $1 /* MUST be page-aligned */
.word 0x00£fc00a3;’)
/*
* paged_region(addr,size) ==> build seg. table for paged region.
addr => PTE address
* size ==> encoded size
*/
define (‘paged_region’, *
.space 8
.word $1 /* MUST be 64-byte aligned */
.word (($2)<<18) | 0x5;')
/*
* bipaged_region (addr,size) ==> build seg. table for bipaged region.
* addr > PTD address
size ==> encoded size
*/
define (‘bipaged_region’, *
.space 8
.word $1 /* MUST be 64-byte aligned */

.word (($2)<<18) | 0x7;')

/*
* page_entry(addr) ==> build page table entry
* addr ==> physical address
*/

define (‘page_entry’,
.word  (($1) | 0xC7);')

/%
* small_seg(addr) ==> build seg. table for a small segment
*/

define(‘small_seg’, '

.space 8
.word $1 /* MUST be page-aligned */

.word (0x3f<<18) | Oxfb;")
/*
* port_seg(addr) ==> build seg. table for a port segment
*/

define (‘port_seg’,

.space 8
.word $1 /* MUST be 64-byte aligned */
.word 0x204000fb;’)
/*
/*
* null_seg() ==> a null segment table entry
*/

define (‘null_seg’, ‘.space 16;')
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f_handle.c

user_override () {
user_trace() {}
user_arithmetic() {}
user_real_arithmetic() {}
user_constraint () {
user_vm () (}
user_protection() {
user_structural () {
user_type () {}
user_reserved_11f() {}
user_process () {}
user_descriptor () {

user_event () {}
user_reserved () {}
user_operation() {

user_machine () {}

i_handle.c

user_intrh()
{
}

fix_pte.c

/k
fix_ptes()
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 pl_reg_ 0_PA;

extern unsigned long pl_reg_l_PA;

extern unsigned long pl_reg_2_PA;

extern unsigned long reg_3_PA;

extern unsigned long pl_reg_0_len;

extern unsigned long pl_reg_l len;

extern unsigned long pl_reg 2 len;

extern unsigned long reg_3_len;

extern unsigned long pl_region_0_pte;

extern unsigned long pl_region_ 1 pte;

extern unsigned long pl_region_2_pte;

extern unsigned long region_3_pte;

extern unsigned long p2_reg_0_PA;

extern unsigned long p2_reg_l PA;

extern unsigned long p2_reg_2_PA;

extern unsigned long p2_reg_0_len;

extern unsigned long p2_reg_l_len;

extern unsigned long p2_reg_2_len;

extern unsigned long p2_region_ 0 _pte;

extern unsigned long p2_region_1 pte;

extern unsigned long p2_region_2_pte;

fix ptes()

{

unsigned long i, *pte_ptr, pa_addr;

/* build page table entries for region 0 */

pa_addr = (unsigned long) &pl_reg O_PA;

pte_ptr = &pl_region_0_pte;

for (i=0;i< (unsigned long) &pl_reg 0_len;i+=0x1000) {

*pte_ptr++ = pa_addr | 0xC7; /* present, user/supervisor r/w

pa_addr += 0x1000;

}
pa_addr = (unsigned long) &p2_reg_O_PA;
pte_ptr = &p2_region_0_pte;
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for (i=0;i< (unsigned long) &p2_reg_0_len;i+=0x1000)

*pte_ptr++ = pa_addr |
pa_addr += 0x1000;
)

0xC7;

/* present,

/* build page table entries for region 1 */

pa_addr = (unsigned long) &pl_reg_l_PA;

pte_ptr = &pl_region_l _pte;

for (i=0;i< (unsigned long) &pl_reg_ 1 len;i+=0x1000)

*pte_ptr++ = pa_addr |
pa_addr += 0x1000;
}

pa_addr = (unsigned long) &p2_reg_l PA;

pte_ptr = &p2_region_1_pte;

for (i=0;i< (unsigned long) &p2_reg 1l _len;i+=0x1000)

*pte_ptr++ = pa_addr
pa_addr += 0x1000;
}

0xC7;

0xC7;

/* present,

/* present,

/* build page table entries for region 2 */

pa_addr = (unsigned long) &pl_reg_2_PA;

pte_ptr = &pl_region_2 pte;

for (i=0;i< (unsigned long) &pl_reg 2_len;i+=0x1000)

*pte_ptr++ = pa_addr
pa_addr += 0x1000;
}

pa_addr = (unsigned long) &p2_reg_2 PA;

pte_ptr = &p2_region_2_pte;

for (i=0;i< (unsigned long) &p2_reg 2_len;i+=0x1000)

*pte_ptr++ = pa_addr |
pa_addr += 0x1000;
}

0xC7;

0xC7;

/* present,

/* present,

/* build page table entries for region 3 */
pa_addr = (unsigned long) &reg_3_PA;

pte_ptr = &region_3_pte;

for (i=0;i< (unsigned long) &reg_3_len;i+=0x1000) {

*pte_ptr++ = pa_addr |
pa_addr += 0x1000;
}

0xC7;

/* present,

{

user/supervisor

(

user/supervisor

(

user/supervisor

{

user/supervisor

{

user/supervisor

user/supervisor

r/w

r/w

r/w

r/w

r/w

r/w

*/

*/

*/

*/

*/

*/
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progl.c
#include "vled.h"

main ()
{
int i,3,k;
while (1)
{
VLED (Green, OFF);
for (i=0;1i<500000;i++)
k=3;
VLED (Green, ON);
for (i=0;1i<500000;i++)
k=3;
}
}

VLED (color, state)

int color, state;

{

volatile unsigned char *ptr;

const int addr = CSRC_ADDR;
unsigned char data;
ptr = (unsigned char *) addr;
data = *ptr; /* get current status
if (color == Green)
data = (data & Oxbf) | (state << 6);

else /* Yellow */
data = (data & O0x7f) | (state << 7);
*ptr = data; /* write with LED
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prog2.c
#include "vled.h"
main2 ()
{
int 1i,73,k;
while (1)
{
VLED2 (Yellow, OFF);
for (i=0;1<1000000;i++)
k=3;
VLED2 (Yellow, ON);
for (i=0;1<1000000;i++)
k=3;
}
}
VLED2 (color, state)
int color, state;
{
volatile unsigned char ‘*ptr;
const int addr = CSRC_ADDR;
unsigned char data;

#ifndef SIM
ptr =
data = *ptr;

(unsigned char *) addr;

/* get current status

if (color == Green)

data =

(data & Oxbf) |

(state << 6);

else /* Yellow */

data =
*ptr = data;
#endif

led.h

#define ON
#define OFF
#define CSRC_ADDR
#define Green
#define Yellow

(data & 0x7f) |

(state << 7);
/* write with LED

1
0
0x14000004
1
0
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pass1i.ld

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

MEMORY
{
1 reg 0 : org = 0x00000000, len = 0x10000
1 reg_1 : org = 0x40000000, len = 0x10000
1l reg_ 2 : org = 0x80000000, len = 0x10000
1 _reg_3 : org = 0xC0000000, len = 0x10000
}
SECTIONS
{
.text
{
} > 1 reg 0
GROUP :
{
.data : {}
.bss : {}
} > 1 reg_ 1
vreg2 :
{
initial frame.o
} > 1 reg 2
reg3 :
{
_intr_stack = .;
+= 0x1000; /* reserve one page for int. stack */
f_handle.o
f table.o
i_handle.o
i_table.o
} > 1 reg 3
}
passia.ld

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

MEMORY
{
1l reg 0 : org = 0x00000000, len = 0x10000
1l reg 1 : org = 0x40000000, len = 0x10000
1l reg 2 : org = 0x80000000, len = 0x10000
}
SECTIONS
{
.text
O
} > 1_reg 0
GROUP H
{
.data : {}
/*.=align (0x10); */
.bss ¢ {}
} > 1 reg 1
vreg2 :

initial_frame.o
} > 1 reg_ 2
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pass2.ld

/* command file
* without RTK.
*/

for "pass 2" of building a ROM system

MEMORY
{
image : origin 0x400000
}
SECTIONS
{
GROUP :
{
startup :
startup.o
fix_pte.o
= align(0x1000);
procl H
. = align(0x1000);
_pl_reg 0_PA = .;
linl (.text)
. = align(0x1000);
_pl_reg_ 1 PA = .;
linl (.data)
linl (.bss)
= align(0x1000);
_pl reg 2 PA = .;
linl (vreg2)
. = align(0x1000);
_reg 3 PA = .;
linl (reg3)
= align(0x1000);
_reg_3_end = .;
_pl_reg 0_len = pl reg_ 1 PA - _pl reg 0_PA;
_pl reg_1 len = pl_reg_2 PA - _pl reg_l_PA;
_pl_reg 2 len = reg 3 _PA - pl reg 2 PA;
_reg_3_len = _reg_3_end - _reg_3_PA;
proc2
. = align(0x1000) ;
_p2_reg 0 PA = .;
1in2 (.text)
. = align(0x1000) ;
_p2_reg_l1 PA = .;
1lin2 (.data)
1in2 (.bss)
= align(0x1000) ;
_pP2_reg_2_PA = .;
1in2 (vreg2)
. = align(0x1000);
_p2_reg_2 end = .;
_p2_reg_0_len = p2 reg 1 PA - _p2 reg 0 _PA;
_P2_reg_l len = p2 reg 2 PA - _p2_reg_l PA;
_P2_reg_2_ len = p2 reg_2_end - _p2_reg_2_PA;
}
}
csl = -(seg_table ptr + prcb_ptr + start_ip);

D-21






Appendix E
Considerations for Writing
Portable Software







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 (i.e., 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
0 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,
Nis 6.
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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:

e 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.

e Anoperand that spans a 16-byte boundary suffers a large cost in speed.
o String operands that begin on nonword 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, IACs, and the BXU.

IACS

The mechanism for sending, receiving, and handling IAC 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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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 IAC 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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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

-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 IAC 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

D
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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Denormalized numbers
definition of  7-5
denormalization technique 7-5

Descriptor faults 12-27

disp, notatfon 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  14-10

divi, divo 6-8, 17-59

Divide instructions 6-8

divr, divrl 7-17, 17-60

dmovt 6-19, 17-62

dsubc 6-19, 17-63

E

ediv 6-8, 17-64

efa, notation 17-2
emul 6-8,17-65

Event fault
event fault request flags 11-5, 12-12,
12-13,13-6
event notice fault 11-5, 12-2, 12-13,
12-28

reference information 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

instruction cache 3-12

instruction pointer = 3-5

local registers 3-4

process controls  3-10

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 format 7-2
expr, exprl 7-19, 17-66
Extended multiply and divide instructions

6-8
External IACs
See IACs

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 resumption
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
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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, faultg,
faultge, faulto, faultno 6-15,
17-69
Faults
arithmetic faults 12-25
constraint faults 12-26
description of 9-5
descriptor faults 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
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

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 moving floating-point values 7-10
Floating overflow flag and mask  7-11, NaNs 7-4,7-20
7-24,7-25, 12-12 normalized number 7-3
Floating point normalizing mode 7-12
architecture support for 7-1 pi 7-18
arithmetic controls 7-11 real data types  5-2,7-7
arithmetic vs. non-arithmetic instructions real number and NaN encodings
7-20 7-7
basic arithmetic instructions 7-17 real number formats  7-7
biased exponent  7-3, 7-4 real number notation 7-3
branch instructions  7-17 real number system  7-1
classification instructions 7-17 register alignment for floating-point
comparison instructions  7-17 values 7-9
data movement instructions  7-15 registers, storage of floating-point num-
data type conversion 7-15 bersin 7-8
denormalized numbers 7-5 rounding control ~ 7-12
execution environment for floating-point scale instructions  7-19
operations 7-7 signbit  7-2
exponent 7-2 significand 7-2
exponential instructions 7-19 summary of floating-point instructions
finite values 7-4 7-15
floating inexact exception 7-25 support for = 2-5
floating invalid operation exception trigonometric instructions  7-18
7-23 underflow condition 7-26
floating overflow exception 7-24 zeros  7-4
floating reserved encoding exception See also Floating point faults
7-22 Floating point faults 12-29
floating underflow exception 7-24 exceptions  7-6, 7-21
floating zero-divide exception and fault fault handling  7-21, 7-22
7-23 floating inexact exception 7-21
format of binary floating-point numbers floating invalid operation exception
7-2 7-21
fraction 7-2 floating overflow exception 7-21
IEEE standard  7-1, 7-2, 7-4, 7-6, 7-7, floating reserved encoding exception
7-14,7-17,7-19 7-21
infinities 7-6 floating underflow exception 7-21
instruction format 7-14 floating zero divide exception 7-21
instruction operands  7-14 override flags 7-24, 7-25
integer 7-2 Floating point unit
j-bit 7-2 See FPU
literals  7-14 Floating reserved-encoding fault  7-22,
loading and storing floating-point values 12-2, 12-29, 17-8, 17-13, 17-38,
7-9 17-40, 17-52, 17-54, 17-60, 17-66,

logarithmic instructions 7-19 17-80, 17-82, 17-85, 17-97,

17-101, 17-112, 17-119, 17-121,
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17-134, 17-137, 17-143, 17-151
Floating underflow fault 7-25, 7-26, 12-2,
12-29, 17-8, 17-13, 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 underflow flag and mask 7-11,
7-24, 12-12

Floating zero-divide fault 7-23, 12-2,
12-29, 17-60, 17-80, 17-85,

17-112, 17-121
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 13-6
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 IAC  4-7, 11-7
instruction  6-16
Flush process IAC 11-8
Flush TLB IAC 11-9
Flush TLB page table entry IAC 11-10
Flush TLB physical page IAC 11-11
Flush TLB segment entry IAC  11-12
flushreg 4-7, 6-16, 17-72
fmark 6-16, 12-13, 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

Frame pointer
See FP
Frame return status field 10-9
Freeze IAC 11-13
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

|

IAC fault 12-2,12-36

IAC pin 10-7, 15-2

IACs
check process notice IAC

12-28

continue initialization IAC  11-6
description of 9-4
external IAC message format 15-1
external IACs  11-1,15-1
faults 11-3
flush local registers IAC  11-7
flush process IAC  11-8
flush TLB IAC 11-9
flush TLB page table entry IAC
flush TLB physical page IAC
flush TLB segment entry IAC
freeze IAC  11-13
IAC fault 12-2, 12-36
IACpin 15-2
internal IACs  11-1
interrupt IAC  11-14
introductionto  11-1
mechanisms for exchanging 11-1
message, description of 11-1

11-5, 12-13,

11-10
11-11
11-12
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message, format of 11-2

modify processor controls IAC  11-15
preempt process IAC  11-16
priorities  9-10

purge instruction cache IAC  11-17

receiving and handling external IACs

15-2

receiving and handling internal IACs
11-3

reference information 11-4

reinitialize processor JAC  11-18

restart processor IAC  11-19, 12-22

sending external IACs  15-1
sending internal IACs  11-3
set breakpoint register JAC  11-20
software requirements for handling inter-
nal JACs 11-1
11-21
11-22
11-23

stop processor IAC
store processor IAC
store system base IAC

summary of IACs 11-2

test pending interrupts IAC  11-24
warmstart processor JAC  11-25
ID C-4
Idle time

idle time field 9-9,9-13
idle timing  9-13
IEU 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-1
Initialization of the processor
Building a memory image 9-19
check-sum words  9-17
continue initialization JAC 11-6
description of 9-15
first stage of initialization 9-21
initial memory image 9-14, 9-17

initialization code 9-19
initialization code example D-1
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 IAC  11-18
required PRCB for single-task system
9-15
restart processor IAC  11-19
second stage of initialization 9-23
segment table pointer 9-3
self test 9-21
typical initialization scenario 9-21
warmstart processor IAC  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 IAC  11-17
Instruction decoder
See ID
Instruction execution unit
See IEU
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
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Instruction timing

bit instructions C-10

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-11

load instructions C-14

logical instructions C-9

miscellaneous  complex
C-14

multiply and divide instructions

register move instructions C-10

store instructions C-16

instructions

C-12

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-1
string  6-19
summary of 80960MC instruction-set ex-

tensions  6-3

summary of 80960 instructions  6-2
See also Machine-level formats
INTO, INT1, 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 IACs
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 IAC 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 IAC  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 IAC  11-24, 15-7
vectors  10-2
See also Interrupt handling
INTR pin 10-7
Invalid descriptor fault
17-74

8-22, 12-2, 12-27,

1-10

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
1P
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
altering process controls  13-8
process scheduling in multiprocessor
system 15-4
supervisor procedure  4-13, 4-14

L

Large segment table segment descriptor
8-14
1d, 1dib, 1dis, 1dl, 1dob, ldos, ldq, ldt 5-5,
6-5,7-9, 17-75
lda 3-5,6-6,17-77
Idphy 6-20, 8-25, 17-78
ldtime 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
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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 34
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 34
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
guideto 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
See MMU
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

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-1
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 IAC 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
movgstr 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
mulr, mulrl 7-14, 7-17, 17-101
Multiple processor operation
See Multiprocessing
Multiply instructions 6-8
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Multiprocessing
atomic instructions 15-6
description of 9-1
dispatch port 15-4
external IACs  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 IACs
15-2
sending external IACs 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
memory management facilities  8-1
priorities  9-10
processes vs. tasks  9-1
support for 2-6
use of processes 13-2

N
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

-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

P

See Faults

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
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Paged region segment descriptor 8-12 storing of PCB fields in processor 13-7
Paging trace controls field 13-5

bipaged segment 8-16 See also Process, Process management

overview of 8-16 Pending interrupts

page length 8-3 checking for 10-13

page table and page table directory struc- handling of 10-13

tures 8-18 posting of 10-12

paged segment 8-16 servicing of 10-12

paging method field 8-11 PFP 3-4,10-9

protection of pages 2-6 description of  4-5

spanning page boundaries  8-25 Physical address space

unpaged segment  8-16 description of 8-2
Parameter passing physical address  8-2

description of  4-9 Physical addressing mode 8-1

in an argument list 4-9
through global registers  4-9
through the procedure stack 4-9 description of  8-2
PCB restrictions  8-2
arithmetic controls field 13-5 Pi 7-18
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

Physical memory
caching of memory accesses 8-3

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
lock field 13-6 L. .
See also Communications port, Dis-
low-level process management facilities
patch port
14-1
PRCB

next time slice field 13-7
preempt flag  15-4
process controls 13-4

caching the PRCB in the processor 9-9
changing the PRCB  9-9

process notice field 11-5, 12-13, 13-6 current process S5 9-8

. . description of  9-2, 9-5
process resumption following a fault . .
12-10 dispatch port assignedto  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 IAC  11-15
multiprocessor preemption field 9-9

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

-13
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pointers to system data structures 9-8
procedure table pointer 4-11
processor controls word  9-5
region3SS  9-8

resumption record field 9-9

store system base IAC  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 IAC 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 IAC 14-14
Prereturn trace

event flag 16-2

fault 12-2,12-37
mode 16-5

mode flag 16-2
prereturn 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

-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
send message mechanism
send service mechanism

14-17
14-16
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
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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 JAC 11-8
preempt process IAC  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 13-11,

14-2

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 139 :

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
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Process notice
changing process notice field 13-9
check process notice IAC  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 IAC  11-13
internal structure of C-1
modify processor controls IAC  11-15
multiprocessing system  9-1
multitasking system 9-1
overview of processor configurations
9-1
priorities 9-10
purge instruction cache IAC  11-17
reinitialize processor IAC  11-18
restart processor IAC  11-19
self test  9-21
single-task system 9-1
stop processor IAC  11-21
store processor IAC  11-22
store system base IAC 11-23
warmstart processor IAC  11-25
Processor and process states
description of 9-10
idle state  9-11
idle-interrupted state 9-11
process-executing state  9-11
process-interrupted state  9-11

I1-16

state field 9-7
stopped state  9-11
Processor Control Block
See PRCB
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 IAC  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
IACs 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 IAC 11-17

Q
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QNaN
See NaNs
Quad word, description of 5-5
Queue linkage information 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 IAC  11-7
flush local registers instruction 6-16
global registers  3-2
local registers  3-2
register model 3-2

17

See  also Floating-point  registers,
Global registers, Local registers
Reinitialize processor IAC 11-18
Remainder instructions 6-8
remi, remo 6-8,17-111
remr, remrl 7-11,7-17,17-112
Reserved -3
RESET pin 9-21
Residual time slice field 13-7, 14-5
Restart processor IAC 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
resumpres 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
field

rounding  control
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roundr, roundrl 7-17,17-119

S
Saved IP, for fault 12-15
6-17, 13-11, 14-2, 14-4, 14-6,
17-120
Scale factor in addressing, description of
5-7
scaler, scalerl 7-19, 7-24, 17-121
scanbit 6-10, 17-123
scanbyte 6-11,17-124
schedpres 6-17, 14-10, 15-5, 17-125
Scoreboarding

saveprcs

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

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, 14-10, 14-11, 14-18,
14-19,15-5,17-128
Set breakpoint register IAC 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
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SIZE lines 8-2
Small segment table segment descriptor
8-14
SNaN
See NaNs
SP 3-4,4-14
description of 4-3
spanbit 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 IAC  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 processor IAC  11-21
Store instructions 6-5
Store processor IAC 9-10,9-12, 11-22
Store system base IAC 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

1-19

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 4-10
mechanism of 4-10
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 1-1
System procedure table
description of 9-4
structure of 4-11
system call instruction 6-15
system procedure-table SS in PRCB
9-9
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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, description of 9-1
Terminology 1-3
Test instructions 6-14
Test pending interrupts IAC  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 IAC  11-8
flush TLB IAC  11-9
flush TLB page table entry IAC  11-10
flush TLB physical page IAC 11-11
flush TLB segment entry IAC 11-12
Trace control flag (in a procedure table)
12-19
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

1-20

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 r0)
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
16-1
prereturn trace handling 16-7
prereturn 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  facilities

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 r0)
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
17-92,17-115

8-11, 12-2, 12-39,

U

Unconditional branch instructions 6-13
Unordered
definition of 3-8
numbers  7-17
User-supervisor protection model
description of 4-13
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 address 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

1-21

segment selector  8-7
segment table . 8-4, 8-8
segment table data structures 8-6
SS 8-5
TLB 8-25
typical address space structure  8-26
use of segments  8-5
See also Segment table
Virtual memory, support for 2-6

w :
wait 6-18, 10-5, 14-13, 17-155
Warmstart processor IAC 3-6, 9-9, 11-25
Words

addressing of  5-5

size 3-4
Write external priority flag 9-8, 15-5

X
xnor, xor 6-10, 17-157
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THamiton Electro Sales
A0850'W. Washington Bivd.

(; 20230
Tel (213 58-2458
TWX: 910-340-6364

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd.)
Hamilton Electro Sales
170 Puliman Street

Costa Mesa 92626

T 14) 641-4150

910-595-2638

Hamilton/Avnet Electronics
103 Northgate Bivd.
Sacramento 95834
Tel: (916) 920-3150

Wi Ie Distribuﬂon Group
Iéy ind Street

ok 313 5258100

Wyle Distribution Group

7382 Lampson Ave.

Garden Grove 92641

Tel: ){714) 891-1717
910-348-7140 0r 7111

Wyle Distribution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel (916) 638-5282

2yle Distribution Group
5 Ches apeake Drive
92123
Tel 61 565-9171
: 910-335-1590

zwﬂe Distribution Group
Bowers Avenue

Tel: (408) 727-2500
TWX: 910-338-0296

‘tWyle Distribution Group
17872 Cowan Avenue
Irvine 92714

Tel: (714) 863-9953
TWX: 910-595-1572

Wyle Distribun’on Group

Rd.
Calabasa 2
meiegaao -9000

COLORADO
Arrow Eleclronlcs, Inc.
7060

son Way
Englewood 30112
Tel: (303) 790-4444

‘tHamilton/Avnet Electronics
g755 E. Orchard Roa
uite
Englewood 8011
Tel: )}303 740- |017
-935-0787

1Wyle Distribution Group
124th Avenue

CONNECTICUT

TArrow Elemronlcz Inc.
0a

Walllggg)rd 06492

Tel: 265-7741
-476-0162

Hamilton/Avnet Electronics

Commerce Industrial Park

Commeroe Dnve

Tel: (20%) 797-2800
TWX: 710-456-9974

TPloneev Electronics
112 Main Street
Norwalk 06851

Te 03) 853-1515
710-468-3373
FLORIDA

tArrow Electronics, Inc.
gOO Faléway Drive
uite

Beach
Tel: (305 429-3200
TWX: 510-955-9456

Arrow Electronics, Inc.
37 Sk line Drive

Hamilton Electro Sales 0
1361B West 190th Street
Gardena 90248 Te) ;407[)_323—0252
Tel: (213) 217-6700 -959-6337
3002°'G Steet 6801 N.W. 15th Wa
Ontario 9 Ft. Lauderdale 33309
Tel: (714) 999 9411 Tel: (305) 971-2900
510-956-3097
Avnel Elech*omcs
0501 Plur gHammon/Avnet Electronics
Chalswonh 91351 197 Tech Drive North
Tsl 213) 700-6271 St Pe!ersburg 33702
: 910-494-2207 6-3930

Tel)é 912) -863-0374

tMicrocomputer System Technical Distributor Center

FLORIDA (Cont'd.)

THam-non/Avnet Electronics
47 University Boulevard

Winter Park 32792

Tel: (305) 628-3888

TWX: 810-853-0322

;gloneerﬁechnglogles Group, Inc.
Lake

Alta Monte rin: 532701
Tel: (407)
10-853-( 0234

Pioneer/Technologies Group, Inc.
674 S. Military Trail
Deerfield Beach 33442
Tel: (3053?26—86 7
-955-9653

GEORGIA

"Arrow Electronics, Inc.
135 mormwoods Parkway
e

Sui

Norcross 30071

Tel: (404) 449-8252

TWX: 810-766-0439

tHamulton/Avnel Electronics

825 D Peachtree Corners

Norc ss 30092

Tel: (404 447-7500

TWX: 766-0432

Pioneer echnologles Group, Inc.

3100 F Northwoods

Norcross 300

Tel: 404 443«171]
-766-4515

ILLINOIS

Arrow Electronics, Inc.
1140 W. Thorndale
Itasca 60143

Tel: (312) 250-0500
TWX: 312-250-0916

fHamiIton/Avne( Electronics
orndale Avenue

Benseﬂvnle 60!05

Tel: (312) 860-7780

TWX: 910-227-0060

MTI Systems Sales
. Thorndale

sca 60143
Tel: (31 2) 773-2300
tPioneer Electronics
1551 Carmen Drive
Elk Grove Vlllege 60007

222-1834

INDIANA

TArrow Electronic:

2495 Directors How Suxle H
Indianapolis 46241

Tel: (317) 243-9353

TWX: 810-341-3119

Hamilton, Avnet Electromcs
485 G

Carmel 6032
Tel 317 844-9333
: 810-260-3966

tPioneer Electronics
8408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
WX: 810-260-1794
10WA
Hamilton/Avnet Electronics
9 rd Avenue,
Cedar Rapids 52404
Tel: (319) 362-4757
KANSAS

Arrow Electronics

8208 Melrose Dr., Suite 210
Lenexa 66214

Tel: (913) 541-9542
tHamilton/Avnet Electronics

9219 Quivera Road
Overland Park 66215

g@ 888-8900
910-743-0005
Pioneer/Tec Gr.

10551 Lockman Rd.

. Lenexa 66215
Tel: (913) 492-0500

KENTUCKY

Hamilton/Avnet Electronics
1051 D. Newton Park
Lexing a’on 40511

Tel: ( 6) 259-1475

MARYLAND

Arrow Electronics, Inc.
8300 Guilford Drive

Suite H, River Center
Columbia 21

Tel: (301 9954)003

TWX: 710-236-9005
Hamillon/Avnet Elemwnics
6822 O

Columbla 21 045
Tel: )gGOI 995-3500
T™W: -862-1861

tMesa Technolo y Cory
9720 Patu; foods Dr.
Columbia 21 046

Tel: (301) 290-8150

TWX: 710-828-9702

sPloneef/T echnologles Group, Inc.

1100 Gaither Roa

Gsnhersburg 20877
ol: (301) 921-0660

TWX 710- 328 0545

MASSACHUSETTS
Arrow Elegronlcs, Inc.

Wllmm ton 01887
Tel: (617) 935-5134

fHammon/Avnel Elec\romcs
ntennl | Drive

; 60
Tel: (617) 531-7430
TWX: 710-393-0382

MTI Systems Sales
83 Cambridge St.
Burlington 01813

Pioneer Electronics
44 Hartwel Av7egue

Lexinbg\on 21

Tel: (617) 861-9200
TWX: 710-326-6617
MICHIGAN

Arrow Electronics, Inc.
Ar
Tel: (31 3) 971 -8220
223-6020

Hamilton/Avnet Electronics
25215 29th Street S.E.

?rfr:d R?plus 49508
WX: 810-274-6921
Pioneer Electronics

Grand Rapids 49508
FAX: 616-698-1831

;Hamulton/Avnet Electronics
7 School

NEW HAMPSHIRE

"Arrow Electronics, Inc.
Perimeter Road
Manchester 031 03
Tel: 603) 668-696!
TWX: 710-220-1 534

tHamilton/Avnet Electronics
444 E. Industrial Drive
Manchester 03103

Tel: (603) 624-9400

NEW JERSEY

tArrow Elemromcs, Inc.
Four Easl Stow

Unit

o
ol

T Tb.507 0nzd

TAm)w Electromcs
6 Centt

Parsi 054
Tel: (531) 8-0900

‘tHamilton/Avnet Electronics
1 Keystone Ave., Bidg. 36
Cherry Hill 08003

09) 424-0110

: 710-940-0262

tHamilton/Avnet Electronics

10 Industrial

Fairfield 07006

Tel: (201 ) 575-5300
710-734-4388

sMTI Sys(ems Sales

Fairfiel 006
Tel: (201) 227-5552

TP!oneer Eloc(ronlcs

8
575-3510
10-734-4382

NEW MEXICO
Alluanee Electromcs Inc.
Albu uer ue 6§|E23
TW 91% 989-1 151
s Sxoes
Albu juerc q;:e B7|06
TWX 91% 959—061 4
NEW YORK

Arrow Electronics, Inc.

75 Brighton Henrietta Townline Rd.

Rochester 14623
Tel: ;716 275-0300
-253-4766

ft Road
Livonia 48150 Arrow Electromcs Inc.
Tel: (313) 522-4700 20 Oser Avent
: 810-282-8775 IT-ig'u : 6“9293: Y8
tFionssr/Michlgan TW)é 10-227-6623
13485 Stamfore
Livonia 48150 Hamilton/Avnet
Tel: (313) 525-1800 933 Motor Parkway
TWX: 810-242-3271 g;_l:‘u( 1asugzes: ‘978880
MINNESOTA -224-6166
Arrow Electronics, Inc. &I;aamillan/Avnet Electronics
230 W 731 Street & r?19({0 l"iél;s
ochester
Tel 61 2) 530-1800 Tel: )}71 6) 475-9130
: 910-576-3125 TWX: 510-263-5470
12400 Whitewater Drive 103 Twin buks Drive
Minnetonka 55434
Tel: (612) 932-0600 Tel ;31 5&4?‘71 01256680
Pioneer Electronics
Ssﬁs goldsn Triange Dr. wLI Sbyos:%nsk Sg:les
uite art ive
Eden Prairi 55343 Port Washington 11050
Tel: (612) 944-3355 Tel: (516) 621-6200
MISSOUR! 1P|oneer Eltec:r)ronlcs
ate Drive
;géaog E)ectromcs inc. _I?Ir;g)&mtq,g 21:;93%4
ol X
St. Louis 63141 )é 510-252-0893
Tel: (314) 567-6888
TWX: 910-764-0882 Pioneer Electronics
40 Oser Avenue

‘tHamilton/Avnet Eiectronlcs
13743 Shoreline

Eart City 63045

14) 344-1200

: 910-762-0684

Hauppauge 11787
Tel: (gfs)gzat -9200
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NEW YORK (Cont'd.)
{Pioneer Electronics
50 Crossway Park Wes!

ibury, Long Island ||797
Tel 1516) 921-8700
TWX: 510-221-2184

Pioneer Electronics

-253-7001
NORTH CAROLINA
tArrow Electronics, Inc.
5240 Greensdairy Road
Raleign 27604
19) 876-3132
TWX: 510-928-1856

;Hﬂmnnon/Avne( Electronics
510 Spring Forest Drive

|9) 678-0819
510-928-1836

Pioneer/Te schnologles Group, Inc.

9801 A-Southern
Charlotte 28210
Tel: (919) 527-8188
TWX: 810-621-0366

OHIO

ine Blvd.

Arrow Elactvonics, Inc.
7620 McEwel
Cenlervnlle 45459
el: (513) 435-5563
TWX 810-459-1611

Arrow E|BC"0[\ICS. inc.
38 Cochran Road

Solon
Tel: (216) 248-3990
TWX: 810-427-9409

;Haminon/Avnel Electronics
)54 Senate Drive

D:(ton 45459

Tel: (513) 439-6733

TWX: 810-450-2531
Hamilton/Avnet Electronics
4588 Emery Industrial Pk
‘Warrensville Heights 4412
Tel: (216) 349-5100

TWX: 810-427-9452

Hamilton/Avnet Electronics

Tel: (614) 882-7004

+tPioneer Electronics
4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

TWX: 810-459-1622
tPioneer Electronics

4800 E. 131st Street
Cleveland 4410

( 1 )
TWX: 81 22-»211

§

OKLAHOMA

Arrow Electronics, Inc.
1211 E. 51st Street
Suite 101

Tulsa 74146

Tol: (918) 252-7537

‘tHamilton/Avnet Electronics
12121 E. 51st St., Suite 102A
Tulsa 74146

Tel: (918) 252-7297

OREGON

tAlmac Electronics Corp.
1885 N.W. 169th Place

Tol: (503) 629-8090
TWX: 910-467-8746

gHamillon/Avnel Electronics
Road

Bldg. C, Suite 10

Lake Gswego 97034
Tel: (503)
W 910455 6170

Wyle Distribution Group

5250 N.E. Elam Young Parkway
Suite 600

Hillsboro 97124

Tel: (503) 640-6000

TWX: 910-460-2203

PENNSYLVANIA
Arrow Electronics, Inc.
eco Road

Monroeville 15146

Tel: (412) 856-7000

Hamlllon/Avnel Electronics
2800 Liber

Pittsburgh 5238

Tel: (412) 281-4150

Pioneer Electronics

Tel: (413) 782-2300
TWX: 710-795-3122

tPioneer/Technologies Group, Inc.

Delaware Valley

261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778
TEXAS

Arrow Electronics, Inc.
220 Commander Drive
Carroliton 75006
Tel: (214) 380-6464
TWX: 910-860-5377

tArrow Electronics, Inc.
10899 Kinghurst

Suite 1

Houston 77099

Tel: (713) 530-4700
TWX: 910-880-4439
tArrow Electronics, Inc.
2227 W. Braker Lane
Austin 78758

Tel: (512) 835-4180
TWX: 910-874-1348

‘tHamilton/Avnet Electronics
1807 W. Braker Lane

Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

‘tMicrocomputer System Technical Distributor Center

TEXAS (Cont'd.)

tHamulon/Avnel Electronics
W Walnut Hill Lane

5038
o ?zu) 550-6111
TWX: 910-860-5929

DOMESTIC DISTRIBUTORS (Cont’d.)

WISCONSIN

Arrow Electronics, Inc.

200 N. Patrick Bivd., Ste. 100
Brookfield 53005

Tel: (414) 767-6600

TWX: 910-262-1193

4850 anhx Rd., Suite 190
Stafford

Tel: (713) 240- o

TWX: 910-881-5523
tPioneer Electronics

18260 Kramer

Austin 78758

: (512) 835-4000
TWX: 910-874-1323

tPioneer Electronics
13710 Omega Road
Dallas 752

Tel: (214) 386-7300

TWX: 910-850-5563

tPioneer Electronics
5853 Point West Drive
Houston 77036

Tel: (713) 988-5555
TWX: 910-881-1606
Wyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953
UTAH

Arrow Electronics

Tel: (801) 973-6913

2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510
TWX: 910-262-1182

CANADA

ALBERTA

Hamitton/Avnet Electronics
231 6 21st

vg 3
Tel  (403) 550.3586
X: 03-827-642

Zentronics
ay No. 1

14th Avenue N.E

gary T2A 64

i (403) 272-1021

BRITISH COLUMBIA

tHamilton/Avnet Electronics
105-2550 Bounda

Burmalay V5M 3Z

Tel: (604) 437-6667

Zentronics
108-11400 Brld%epon Road
Rlcnmond V6X
: (604) 20 73-5575

1585 West 2100 South

SallLako Gity 84719

Tel: (801) 872-2800
910-925.4018

Wyle Distribution Group

1325 West 2200 South

Suite E

West Valley 84119

Tel: (801) §74-9953

WASHINGTON

Tel: (206) 643-9992
TWX: 910-444-2067

Arrow Electronics, Inc.
19540 68th Ave. South
Kent 98032

Tel: (206) 575-4420
1Hamil|or¥ﬁvnet Eleclromcs
14212 N.E. 21st Stree!

Bellevue 98005
Tel: (206) 643-3950
910-443-2469

Wyle Distiution Group
Street

Redmond 5

Tel: (206) 881-1150

Zentronics

60-1313 Border Uni( 60
Winni

Tel: (: 694 1957

ONTARIO

Arrow Electronics, Inc.
35 A ta D

Lt (613) S20.6003

Arrow Electronics, Inc.

1093 Meyerside

Mississauga L5T 1M4

Tel: (416) 673-7769

TWX: 06-218213

wmilmn/Avﬂeﬂ Electronics
5 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel: (416) 677-7432
TWX: 610-492-8867

Hamilton/Avnet Electronics
i Rexwood Road
ni
Mississauga L4T 1R2
Tel: (416) 277-0484

ONTARIO (Cont'd.)

tHamilton/Avnet Electronics
190 Colonnade Road South
Nepean K2E 7L5
Tel: (613) 226-1700
TWX: 05-349-71
fZentronics
8 Tilbury Court
Bramflon L6T 374
Tel:(416) 451:9600

/X: 06-976-78

tZentronics
155 Colonnade Road
unn 7

NP eta) 3266640

Zentronics
60-1313 Bcrder St.
Winni H 014
Tel: (204) 694 7957

QUEBEC

tArrow Electronics Inc.
4050 Jean Talon Quest
Montreal H4P 1W1

Tel: (514) 735-5511

TWX: 05-25590

Arrow Electronics, Inc.
909 Charest Blvd.

Quebec JIN 2C9
Tel: (418) 687-4231

X: 05-13388
Hamilton/Avnet Electronics
2795 Halpern

St. Laurent H2E 7K1
Tel: (514) 335-1000
TWX: 610-421-3731

Zentronics

817 McCaffrey

St. Lauren( HAT 1M3
Tel: (514) 737-9700
TWX: 05-827-535
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DENMARK

Intel
Glenlevel 61, 3rd Floor
24?0 penha%en NV

1o s

FINLAND

Intel

Ruosilantie 2

00390 Helsinki

Tel: +358 0 544 644
TLX: 123332
FRANCE

Intel
1, Rue Edison-BP 303
780

54 St. Quentin-en-Yvelines Cedex
7000

Tel: (1) 30 67
TLX: 699016

Intel
4, Quai des Etroits

WEST GERMANY

Intel*
Dornacher Strasse 1
8016 Feldklrcnen bei Muenchen

TLX 5-; {3177

Hohenzollem Slrasse 5
3000 H;
Tel 05| ‘463‘“08‘

Intel

Abraham Lincoln Strasse 16-18
iesbaden

Tel 06‘2 7505-0

TLX: 4-186183

Zettachdng 10A
7000 Stuttgart 80
TeI 071 1 j

48;

EUROPEAN SALES OFFICES

ISRAEL

A(ldlm Indusmal Park-Neve Sharet
P.0. Box 43202

Tel-Aviv 61430

;el 03—498080

ITALY

"
Milanofiori Palazzo E
20090 Assago
Milano
Tel: (02) 824 40 71
TLX: 341286
NETHERLANDS
Intel”
Marten Meesweg 93
3068 AV Rotterdam
Tel: (3!)-(3&1 0-421.23.77
TLX: 2221
NORWAY

Intel
Hvamvelen 4 PO Box 92

SPAIN

intel
Zurbaran, 28
28010 Madrid
Tel: 410 40 04
TLX: 46880

SWEDEN

ntel*

Dalvagen 24

171 36 Sol

Tel: +46 8 734 0100
TLX: 122¢
SWITZERLAND

Intel”
Ta|ackerslrasse 17

8065
Tel 014829 29 77

UNITED KINGDOM
Intel*
Plp 's Way
indon, Wiltshire SN3 1RJ

Tel (079(? 69 60 00
TLX: 4444478

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.

ngn‘;lnuehlgasse 26
Tel (0222) 83 56 46-0

BELGIUM

Inelco Belgium S.

Av. des Croix de Guerre 94
1120 By

Oorlo skrunseniaan 94

DENMARK

ITT-Multikomponent
Naverland 29

2600 Glostruf

Tel: 45 (%)52 5 66 45
TLX: 33 355
FINLAND

OY Fintronic AB
Melkonkatu 24A
00210 Helsinki
Tel: (02 6926022
TLX: 124224

FRANCE

Generim
.A. de C
Av de la Baltique-BP 88
Les Ulis Cedex
Tel (2 69077878

Jermg'n
73-79, rue des Solets
Silic 585

our d'Asnieres
4, av. Laurent-Cely
606 As| n(eres Cedex

Tekelec-Airtronic

Rue Carle Vernet - BP 2
92315 Sevres Cedex
Tel: (2 45347535
TLX: 204552

*Field Application Location

WEST GERMANY

Electronic 2000 AG
Stahl rubemng 12
8 n 82

Tel: 089, 420014)

TLX: 522561

T Muhlkom onent GmbH
Postfact

Bahnhofs(rasse 44

7141 Moeglingen

Tel 07141!’48 -347

Jermyn GmbH

Im Dachsstueck 9
TLX: 415267-0
Metrologie GmbH
Meglingerstrasse 49
80 luenchen 71
Tel: 089/78042-0
TLX: 5213189

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3

6072 Drejeich

Tel: 06103430 4343

TLX: 417972

IRELAND

Micro Marketing Ltd.

Park
blin

TeI: (01) 856325

TLX: 31584

ISRAEL

Eastronics Ltd.

11 Rozanis Street
P.0.B. 39300

Tel-Aviv 61392

Tel: 03-475151

TLX: 33638

ITALY

leslcne ITT Industries GmbH
Viale Milanofiori

Palazzo E/5

20090 Assago

Milan

Tel: 02/824701

TLX: 311351

Lasi Elettronica s,{a.A.
V. le Fulvio Testi, 126
20092 Cinisello Balsamo
Mitano

Tel: 0§£244001 2

TLX: 352040

NETHERLANDS

Koning en Hartman
1 Energiewe

NORWAY

Nordisk Elektronikk (Norge) A/S
Postboks 123 o

PORTUGAL

Ditram

Avenida Marques de Tomar, 46-A
isl

Tel: (1) 73 48 34

TLX: 14182

SPAIN

ATD Electronica, S.A.

Plaza Ciudad de Viena, 8

28040 Madrid

Tel: 234 40 00

TLX: 42754

ITT-SESA

Calle Mh'?uel Angel, 21-3
28010 Madrid

Tel: 419 09 57

TLX: 27461

SWEDEN

Nordisk Elektronik AB
suvuds(nga(an

17127 Solna

Tel 08 734 9770
SWITZERLAND
Industrade A.G.
Hertistrasse 31
8304 Wallisellen
Tel: (8017) 8305040
TLX: 56788
TURKEY

EMPA Electronic
Lindwurmstrasse 95A
8000 Muenchen 2
Tel: 089/53 80 570
TLX: 528573

UNITED KINGDOM

Accent Electronic Components Ltd.

Jubllee House, Jubilee Road
tchworth, Herts SG6 1TL.

Tel: 104622) 686666

TLX: 826293

B tech-Comway Systems
nsWestem entre

Bucknsll RG12 1RW
Tel 10@4£
847201

Jermyn
Vestry Estate
Otford Road

Sevenoaks

Kent TN14 5EU
Tel: 107321 450144
TLX: 95142

Unlt 8 sauthwew Park
Caversha

Bsrksmgrs RG4 0AF
Tel: ‘073264‘58 16 66
TLX: 8461

Rapid Silicon
Rapid House
Denmark Street
High Wycombe
Buckin, hamshlrs HP11 2ER
Tel 1 g 42266
7931

Rapid Systems.

Rapid House

Denmark S\reet

High W)

Buckin, hamshlre HP11 2ER
Tel ( 3315024

YUGOSLAVIA

H.R. Microelectronics Corp.
2005 de la Cruz Blvd Ste 223
Eenu Clara, CA

S.A.
Tel: (408) 988-0286
TLX: 387452
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INTERNATIONAL SALES OFFICES

AUSTRALIA

Intel Australia Pty. Ltd.*
Spectrum Bulldln%w

200 Pacific ng ol 6
Crows Nest, NSW,

Tel: (2) 957-2744

FAX: (2) 923-2632
BRAZIL

Inte! Semicondutores do Brasil LTDA

Av. Paulista, 1159- CJS 404/405

0131 15- Sao Paul
1153146 SAPI BR

FA)( 56-11-212-7631

CHINA/HONG KONG
Intel PRC Corporation

15/F Office 1, Citic Bidg.
Jian Guo Men Wai Street

-4850

LX: 22947 INTEL CN
FAX: (1) 500-2953
Intel Semlconduclor Ltd.*
10/F Eas!
Bond C
Queensway. Central
Hor

Tl 15) 6444555
TLX: 63869 ISHLHK HX
FAX: (5) 8681-989

ARGENTINA
DAFSYS S.R.L.
Chacabuco, 90-4 PISO
1069-Buenos Aires
Tel: 5 1-334-1871
TLX: 2
Reycom Elecvonica SR.L.
Aroo
1429- 0s Aires
Tel 54 (I) 7l)1 -4462/66

X: 54 (3&1 1-1722

LX 25133 REYCOM AR
AUSTRALIA
Total Electronics
Privat 250
9 H-rkef
Burwood, Viclona 3125
-3- 8&4044

FAX 61 -3-238-9696
BRAZIL

Elebra Microelectronica
R. Geraldo Flausina Gomes, 78

ndar
04575 - Sao Paulo - S.| P
Tel: 0| I-55 11-534-9637

TLX: 3911125131 ELBR BR
FAX: 55-11-534-9424

CHILE

DIN Instmmems

gasnllla 6055, Correo 22

anti
Tel: 56%’-22&81 39
TLX: 440422 RUDY CZ

CHINA/HONG KONG
Novel Precision Mecnlnelgl(:o Ltd.

FlatD, 20KI slofdlnd
Phase 1 6 wanHel
N.T., Kowl

TaingS

TWX 39114JINM| HX
852-0-261-602

*Field Application Location

JAPAN

Intel Japan K

56 Takodal Tsukuba shi
Ibaraki, 300-2¢
Tel 029747 851|

FAX: 029747-5450

Intel Japan K.K.*
Daiichi Mitsugi Bidg.
1-8889 Fuchu-cho
Fuchu-shi, Tokgo 183
Tel: 0423

FAX: 0423-60-0315

Intel Japan K.K.*

Flower-Hill snm -machi Bldg.
1-23-9 Shinmachi

Seta aya-ku Tokyo 154

Tel: 126-2231

FAX: 03-427-7620

Intel Japan K.K.*
Bldg. Kumagaya

-69 Hon-cho
Kumagaya-shi, Saitama 360

Tel -
FAX: 0485-24-7518

Imel Jagean KK
usashi- kosugl Bldg.

915 snmmaruko Nakahar

Kawasak;»asgl Kanagawa 21|

FAX: 044-733- 7010

JAPAN (Cont'd.)

Intel Japan K.

imei Atsugl Bidg.
1-2-1 Asahi-machi
Atsugi-shi, Kanagawa 243
Tel: 0462-29-3731
FAX: 0462-29-3781

Intel Japan K.K.*
Ryokuchi-Exi Bidg.

2-4-1 Terauct

Toyonaka- sm Osaka 560
Tel: 06-863-1

FAX: 06-863- ‘084

Intel Japan K.K.
Shinmaru Bldg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3621
FAX: 03-: 201-6850
Inte! Japan K.K.

reen Bldg.

1-16-20 Nishiki
Naka ku Nagoya-shi

450
Tel 052 204-1261
FAX: 052-204-1285

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

INDIA/

Micronic Devices
Arun Complex
No. 65 D.V.G. Road

004

0631
011-91-812-621-455

TLX: 0845-8332 MD BG IN

Bengalore 5
Tel: 91-812

Mlcronlc Devices
Flat 403, Gagan Deep
12, Ralendra Placs
New Delhi 110 00!
91-58-97-71
OI 1-91-57-23509
TLX: 03163235 MDND IN

Micronic Devices

No. 516 5th Floor

Swastik Chambers

Sion, Trombay Road
Chembur

Bomtay 400 071

Tel: 91-52-39-63

TLX: 9531 171447 MDEV IN

$&S Corporation
Camden Business Center

|s1o Blossom HIII Rd
San Jose, CA 951

USA.
Tel: 140%) 978-6216
TLX: 820281
JAPAN
Asahi Electronics Co. Ltd.
KMM Bidg. 2-14-1 Asano
Kokurakita-ku
Krlakyushu-shn 802
Tel: 093-511-6471
FAX: 093-551-7861
C. Itoh Techno-Science Co.,
C. Itoh Bldg., 2-5-1 Kita- Aoyama
an(c»ku ogkoyo 107

el: 03-497-4900
FAX 03-497-4879

JAPAN (Cont'd.)

Dia Semicon Systems, Inc.
Wacore 64, 1-37-8 San%en]aya
Setaggya—ku. Tokyo 15:

Tel: 03-487-0386

FAX: 03-487-8088

Oka¥a Kokl

ku Nago a-shl 460

Tel: 052-:

FAX: 052-204«290‘

Ryoyo EBIecfro Corp.
1 PN ngkul
Chu&ku Toka/o 104

Tel: 03-546-5011
FAX: 03-546-5044
KOREA

J-Tek Corporation

6th Floov‘ Governmem Pension Bldg.
24-3 Yoido-|

Youngdeungpo-

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
Seoul 100

Tel: 82-2-751-3987

TLX: 27970 KORSST

FAX: 82-2-753-0967

MEXICO

Dicopel S.A.
Tochtli 368 Fracc. Ind. San Antonio

1-321
TLX 1773790 DICOME

KOREA

ntel Technology Asia, Ltd.
usiness Center 16th Floor
1, Ylou'do-Dong‘ Young Deung Po-Ku
eoul
el (2) 734 91 86, 8286, 8386
2 INTELKO
AX: (2) 784 8096

SINGAPORE

Intel Singay ore Tschnol | Ltd.
7 Thomson Road #21-08

TAIWAN

Intel Technology (Far East) Ltd.
aiwan Branch
O No. 305, Tun Hua N. Road

R.O.
el 686 2-716-9660
LX: 13159 INTELTWN
AX: 886-2-717-2455

NEW ZEALAND

Nonhvup Ins(vuments & Systems Ltd.
459 Kyber Pass Roa
x 9464, Newmarke{
Auckland 1
Tel: 64-9-501-219, 501-801
TLX: 21570 THERMAL

Northrup l2nstruments & Systems Ltd.
Wellln toﬂ 856658
3 6 -856-658
NZ3380 NORTHAC
FAX: 64-4-857276
SINGAPORE
Electronic Resources Pte, Ltd.
17 Harvey Road #04-01
Sing 1336
Tel: 2 3 OBBB 239-1618
TWX: 5¢
FAX: 2895327
SOUTH AFRICA
Electromc Bundmg Elements, Pty. Ltd.
Plne Square, 18th Street
Hazelwood, Pretoria 0001
Tel: 27-12-469921
Tl 22771 A
FAX: 0927-012-46-9221
TAIWAN

Mnac Corporation
er;:g Shen East Rd.
Ta

i, R.O.
Tel: 666 2-501-8231
FAX: 886-2-501-4265

Sertek

5FL, 135 Sec. 2
Chien-Kuo N. Rd.
Taipei 10479

ROC.
Tel: (02) 5010055
FAX: (02) 5012521

(02) 5058414

VENEZUELA

P. Benavides S.A.
Avilanes a Rio
Residencia Kamarata
Local 4 A17

a Candelaria, Caracas
Tel 58-2-571-0396
8450 PB\
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ALABAMA

Intel Corp.

5015 Bradford Dr., #2
Huntsville 35805

Tel: (205) 830-4010

ARIZONA

Intel Corp.
11225 N. 28th Dr.
Sulte D 214

ix 850;
Tel (602) 569 4980

Intel Corp.
500 E. Blvd., Suite M-15
Sierra Vista 85635

Tel: (602) 459-5010

Intel Cory
1161 N. El Dorado Place

uite 301
Tucson 85715
Tel: (602) 299-6815

CALIFORNIA

Intel Corp.
2151 5 Vanowsn Street

Canoga Pavk 91303
Tel: (818) 704-8500

Intel Corp.
2250 E. Imperia! Hignway

El segundo
Tel: (213) 640- 6040

Intel Corp.

1900 Prairie City Rd
Folsom 95630-9597
Tel: (916) 351-6143

Intel Ce

1510 Ar len Way, Sulte 101
Sacramento 9561

Tel: (916) 920-8096

Intel Ce
4350 Exscunve Drive
Suite 105

San Diego 92121
Tel: (619) 452-5880
Intel Corp.*
400 N. Tustin Avenue
50

Tel:)$71 4) 835-9542
TWX: 910-595-1114
Intet Corp.*
San Tomas
2700 San S omas Expressway
Sanla Clara 95051

408) 986-8086
: 910-338-0255

‘COLORADO

Intel Corp.
4445 Nonnpavk Drive
uite 100

Cd ‘ado Springs 80907
Tel: (303) 5 40422

Intel Corp.”

GSOS C err! St., Suite 915
T | 303) (?221 8086

ol:

TW)é 910-931-2289
‘CONNECTICUT

Intel Corf.
28 Mill Plain Road

Tel )ézor.yi) 748 31 30
710-456-1199

CALIFORNIA

2700 Sen Tomas Expressway
Santa Clara 95051

Tel (405) $70-1700

CALIFORNIA

2700 San Tomas Expressway
Santa Clara 9505
Tel: (408) ‘566 aoas

DOMESTIC SERVICE OFFICES

FLORIDA

Intel Corp.
2363 N.W. 6th Way
uite
Ft. Lauderdale 33309
Tel: (305) 771-0600
TWX: 510-956-9407
FAX: 305-772-8193
Intel C
5850 T. G Lee Bivd.
Suite
Orland
Tel: 1305 2l0~8000
FAX: 305-240-8097

Intel C

151300 4m 'Strest North
St Petersburg 33716
Tel: (81 3

FAX: 81 578 \607
GEORGIA

Intel Corj
2280 Zomte Parkway

Norcross 30092
Tel: (404) 449-0541

ILLINOIS

In(
rlvﬂmngale Road
400

raumburg 60173
5 512)310.8031

INDIANA

Intel Corp.
8777 P|21rdue Road

Indlana s 46268
Tel: (31 )875 -0623

10WA

In(el Cory

30 St. Andvews Drive N.E.

loor
Baaar Rapids 52402
Tel: (319) 393-5510

KANSAS

Intel Corp.
8400 W. 110th Street
Suite 171

Overland Park 66210
Tel: (913) 345-2727

MARYLAND

tel Cor|

7321 Parkway Drive South
Hanover 21076
Tel: (301) 796-7500
TWX: 710-862-1944
Intel Corp.
7833 Walker Drive

ite 550
Greenbelt 20770
Tel: (301) 441-1020
MASSACHUSETTS
Intel Corp.”

Westford Corp. Center
g Carlisle Road
N

710-343-6333

CUSTOMER TRAINING CENTERS

ILLINOIS

200N, Martngale, #300
mburg 60178
o 612) 3105700

ILLINOIS

300 N. Martingale, #300
Schaumburg 6017
Tel: (312) 310-8031

MICHIGAN

Intel C:

7071 Orchard Lake Road
Suite 100

West Bloomfield 48033
Tel: (313) 851-8096

MINNESOTA

Intel Corp.

3500 W. 801?\ S( Suate 360
Bloomington

Tel: (612) 835- 6722

TWX: 910-576-2867

MISSOURI

Intel Corp.
45203 Earth City Expressway

bt (314?2%1990
NEW JERSEY

intel

Hanmn laza Iil
Raritan Center
Edison 08817

Tel: (201) 225-3000

Intel Corf
3853 lva Avenue
Eng ewood Chffs 07632
Top (201)
0<99|-8593

Intel Corp.*
Parkway 109 Office Center
325 Newman Springs Road

ink 07701
Tel: (201) 747-2233

Intel Corp.

80 Corporate Center
75 Livingston Avenue
First Floor
Roseland 07068
Tel: (201) 740-0111
FAX: 201-740-0626

NEW MEXICO

Intel Corp.

Suite

Albuguerque 871
Tet: (505) 292-1 8086
NEW YORK

Intel Corp.

127 Main Street
Blnghemton 13905
Tel: (50)

FAX: 607-723-" 2577

Intel Corp.”
650 Cross Ke s Office Park

Tai)éﬁe) 425 2750
510-253-7391

Intel Corp.*
300 Motor Parkway

787
a ;ga 6) 5113500
510-227-6236

Intel Corp.
Wesmge Busmess Center

Flsd'?klu 125

24
Tel: (914) 897-3860
FAX: 914-897-3125

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

NEW YORK

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

8500 Men%ul Boulevard N.E.

NORTH CAROLINA

Intel C
5700 Executlve Drive

haniots 28212
Tel: (704) 568-8966

Intel Corp.

2306 W. Meadowview Road
Suite 206

Greensboro 27407

Tel: (919) 294-1541

Intel Corp.
2700 Wa/cllﬂ Road

i (31 o 7816022
OHIO

Intel Corp.*
3401 Park Center Drive
Suite 220
Dayton 45414
Tel 513) 890-5350

: 810-450-2528

Intel Corp.
25700 Scnence Park Dr.

Beachwood 44122
: (216) 464-2736
: 810-427-9298

OKLAHOMA

Intel Corj

6801 N Broadway
Suite 1

Oklahoma City 73162
Tel: (405) 848-8086

OREGON

Intel Corp.

552|§4 N.W. Greenbrier Parkway
uildin

Beavenon 97006

Tel: (503) 645-8051

TWX: 910-467-8741

Intel Cory é':

5200 Elam Young Parkway
Hlllsboro 97123

Tel: (503) 681-8080
PENNSYLVANIA

Intel Corp.

455 Pennsylvania Avenue
Suite 230

Fort Washington 19034
Tel: (215) 641-1000

TWX: 510-661-2077

Intel Cor|

-;00 Peng Cemer Blvd.

Pittsburgh 15235
Tel: (412) 823-4970

PUERTO RICO

Intel Microprocessor Corp.
Sou(h Indgsmal Park

Box
Las ‘Piedras 00671

Tel: (809) 733-8616
TEXAS

intel Corp.

313 E, Anderson Lane
SuKe 14

Ausf
Tor (512) a2

MARYLAND

7833 Walker Dr., 4th Floor
Greenbelt 207

Tel: (301) 220-3380

SYSTEMS ENGINEERING OFFICES

TEXAS (Cont'd.)

Intel Corp.
12000 ;gm Road

Suit
Dall s 75234

Tel: (214 241-8087
FAX: 214-484-1180

Intel Corp.*
322 s W. Freeway
Suite 1480

- 91 -881 -2490
UTAH
Intel Cory
428 Eas( 6400 South
04
Tel: (em) 263-8051
VIRGINIA

Intel Corp.
1504 Santa Rosa Road

o 1
Rnchmonu
Tel: (804) 282 5666

WASHINGTON

155 wetﬁ Avenue N.E.
te 386

Bellevue 98004

Tel: (2066453 -8086

TWX: 910-443-3002

intel Corp.

408 N. Mullan Road

Suite 102

Spokane 99206

Tel: (509) 928-8086

WISCONSIN

Intel Corp.
330 S. Exscutlve Dr.

uite
Brookheld 53005

Tol: (414) 784-8087
FAX: (414) 796-2115

CANADA
BRITISH COLUMBIA
Intel Semiconductor of Canada Ltd.
4585 Canada Way, Suite
Burnaby V5G 4L

Tel: (604) 298-0387
FAX: (604) 298-8234
ONTARIO
Intel Semiconductor of Canada, Ltd.
2650 Queensview Drive
Tel: ¢e1 a) 929-9714
TLX: 053-4115
Imel Semnwndumor of Canada, Ltd.
S
Rexdals MOW 6H8
Tel (41 6) 675-: 2105

LX: 06983574
FAX (416) 675-2438
QUEBEC
Intel Semiconductor of Canada, Ltd.
620 St. John Boulevard
Pointe Claire HIR 3K2
Tel: (512) 694-9130
- 514-694-9134
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UNITED STATES
Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K. K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation S.a.r.P.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1RJ

WEST GERMANY

Intel Semiconductor GmbH
Seidlstrasse 27

D-8000 Muenchen 2

-HONG KONG

Intel Semiconductor Ltd.
10/F East Tower

Bond Center

Queensway, Central
CANADA ‘
Intel Semiconductor of Canada, Ltd.
190 AtthETFDrive, Suite 500

Rexdale, Ontario M9W 6H8
e
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