













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Glossary

bus error: An exception that occurs when external
hardware identifies an irrecoverable error during
a data transfer on the external interface.

bus master: The device in control of the bus.

bus retry: A response to a data transfer transac-
tion that indicates the transaction must be tried
again because of some transient error condition.

byte: A data item containing 8 contiguous bits. A
byte is the basic data unit for addressing memory
and peripherals.

cache: An on-chip buffer that automatically
stores copies of recently used memory locations
(both instructions and data), allowing fast access
on memory fetches.

compact mode: A mode of address representation,
usually used for applications with small memory
requirements, in which 16-bit addresses are manip-
ulated; address calculations involve all 16 bits.
The logical address is extended to 32 bits by con-
catenating the 16 most-significant bits of the
Program Counter.

completion: An instruction ending in which the
current instruction has been completely executed.
This is the normal instruction ending, but
exceptions can cause a different ending.

coprocessor: A processor, such as a 78070 Arith-
metic Processing Unit, that works synchronously
with the CPU to execute a single instruction
stream using the Extended Processing Architecture
(EPA).

Direct Address (DA) addressing mode: In this
mode, the effective address is contained in the
instruction.

displacement: A constant value located in the
instruction that is used for calculating the
effective address of an operand.

dynamic operation: A bit manipulation operation
in which the source operand is located in a regis-
ter and therefore its value is changeable.

effective address: The logical memory address of
an operand, calculated by adding the base address,
an optional index value, and an optional displace-
ment .

EPU internal operation: An EPU-handled operation
that controls EPU operations but does not transfer
data.

exception: A condition or event that alters the
usual flow of instruction processing. The 780,000
CPU supports four types of exception: reset, bus
error, interrupts, and traps. When an exception
occurs, the CPU saves the Program Status on the
system stack and fetches a new Program Status from
the Program Status Area.

exception processing state: A CPU operating state
that results when an exception occurs, during
which the CPU stores values from the Program
Status registers to memory, and fetches values
from memory for the Program Status registers.

execute access: The type of memory access used by
the CPU for fetching instructions and immediate
mode operands.

Extended Addressing Mode (EAM): An addressing
mode in which one or more extension words follow
the opcode. In compact mode, EAMs are Direct
Address and Index. In segmented or linear mode,
EAMs are Direct Address, Index, Base Address, Base
Index, Relative Address and Relative Index.

Extended Processing Architecture (EPA): A CPU
facility controlled by the EPA bit in the Flag and
Control Word that allows the operations defined in
the architecture to be extended by hardware or
software. If enabled, the CPU transfers EPA
instructions to an Extended Processing Unit (EPU)
for execution; if disabled, the CPU traps EPA
instructions for software emulation.

Extended Processing Unit (EPU): An external
device, such as a Z8070 APU, that handles Extended
Processing Architecture instructions (such as
floating-point arithmetic).

Flag and Control Word (FCW) register: One of the
two Program Status registers, a 16-bit register
that contains the flags and bits that control the
operation of the CPU.

flyby transaction: A transaction controlled by
the bus master, but in which another device trans-
fers data to the responding device.

frame: A 1K-byte physical memory unit used by the
memory management mechanism to map 1K-byte logical
memory pages. A frame is specified by the 22 most-
significant bits of the physical address.

Frame Pointer (FP): The register that points to
the current activation record on the stack. In
compact mode, the FP is a word register, R14; in
segmented or linear mode, a longword register,
RR12.




Glossary

general-purpose registers: The 16 versatile reg-
isters that can be used as data accumulators,
index values, or memory pointers.

global bus: A bus shared by tightly-coupled,
multiple CPUs; the bus master is chosen by an
external arbiter device.

halted state: A CPU operating state that results
when a Halt instruction is executed or a bus error
exception occurs during exception processing.

Hardware Interface Control register (HICR): The
32-bit special-purpose register that specifies
certain characteristics of the hardware configura-
tion incorporating the CPU, such as bus speed,
memory data path width, and number of wait states.

hit: A hit occurs when an associative memory is
searched for a value and a match is found.

identifier word: A 16-bit code saved on the
system stack during exception processing that
provides information about the cause of the
exception.

Immediate (IM) addressing mode: In this mode, the
operand is contained in the instruction.

index: A value located in a register used for
calculating the effective address of an operand.
The index value usually specifies the calculated
offset of an operand from the origin of an array
or other data structure.

Index (X) addressing mode: In this mode, the
contents of an index register are added to a base
address contained in the instruction to obtain the
effective address.

Indirect Register (IR) addressing mode: In this
mode, the effective address is contained in a
register.

instruction executing state: A CPU operating
state in which the CPU executes instructions.

interrupt: An asynchronous exception that occurs
when the NMI, VI, or NVI 1line is activated,
usually when a peripheral device needs attention.

invalid table entry: A cause of an Address Trans-
lation trap that is detected during address trans-
lation if the CPU fetches a translation table
entry with a Valid bit of 0.

large segment: In the segmented mode, one of the
128 segments in the upper half of the memory
address space. Segments are 16M bytes in size or
smaller.

least recently used (LRU): The CPU records the
order of use for Translation Lookaside Buffer
entries and cache blocks. When a TLB miss or cache
tag miss occurs, the CPU replaces the least
recently used entry or block.

length counter: A register that contains the
value that is the length of a block or string of
data that is manipulated by instructions.

linear mode: A mode of address representation in
which 32-bit addresses are manipulated, providing
uniform and unstructured access to the 4G bytes of
memory. Address calculations involve all 32 bits.

local bus: The bus controlled by the CPU and
shared with slave processors.

logical address: The address manipulated by the
program. The memory management mechanism trans-
lates logical addresses to physical addresses.

longword:
bits.

A data item containing 32 contiguous

loosely-coupled CPUs: CPUs that execute indepen-
dent instruction streams and communicate through a
multi-ported peripheral, such as a Z8038 FIO 1/0
interface unit.

memory management: The process of translating
logical addresses into physical addresses, plus
certain protection functions. In the 780,000 CPU,
memory management is integrated into the chip.

memory-mapped I/0: A memory management feature
that allows logical memory addresses to be mapped
to physical 1/0 addresses. Memory mapped 1/0 pro-
vides protected access by application programs to
peripherals.

miss: A miss occurs when an associative memory
is searched for a value and no match is found.

nonmaskable interrupt: The highest priority
interrupt; cannot be disabled.

nonvectored interrupt: The lowest priority
interrupt, which does not use an identifier word
as a vector to an interrupt service routine; can
be disabled.

normal mode: A CPU mode of operation, generally
used for application programs, in which the S/N
flag in the FCW is 0. In this mode, the CPU can-
not execute privileged instructions or access pro-
tected memory locations.
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Normal Stack Pointer (NSP): The Stack Pointer
used while the CPU is in normal mode. System mode
programs can access the NSP with the Load Control
instruction.

overflow stack: The stack used for saving the
Program Status, identifier word, and exception
parameters when an address translation exception
occurs during exception processing.

Overflow Stack Pointer (OSP): The 32-bit regis-
ter that contains the physical address of the
overflow stack.

page: A 1K-byte logical memory unit mapped by
the memory management mechanism to a 1K-byte phys-
ical memory frame. A page is specified by the 22
most-significant bits of the logical address.

page table: The third level of translation
tables, containing the physical frame address used
during address translation.

paged translation: A method of address transla-
tion in which the logical and physical address
spaces are divided into fixed, equal-sized units
called pages and frames, respectively. During
address translation, a logical page is mapped to
an arbitrary physical frame.

partial completion: An instruction ending in
which the execution of an interruptible
instruction is disrupted before completion by a
trap or interrupt.

physical address: The 32-bit address required for
accessing memory and peripherals, obtained by the
CPU's address translation hardware.

pipeline: A computer design technique in which an
instruction is executed in a sequence of stages by
different functional units. The functional units
can be operating on several different instructions
simultaneously, similar to an automobile assembly
line.

prefetching: Ability of the CPU to fetch an
instruction or operand before the previous
instructions have been completed.

privileged instruction: An instruction that per-
forms I/0 operations, accesses control registers,
or performs some other operating system function.
Privileged instructions execute in system mode
only.

Program Counter (PC): One of the two Program
Status registers, a 32-bit register that contains
the address of the current instruction.

Program Status registers: The two registers (Pro-
gram Counter and Flag and Control Word) that con-
tain the Program Status. The Program Status is
automatically saved during exception processing.

Program Status Area (PSA): The area in memory
reserved for storing the Program Status of the
interrupt and trap service routines.

Program Status Area Pointer (PSAP): The 32-bit
register that contains the physical, base address
of the Program Status Area.

protection: See access protection.

protection (PROT) field: A 4-bit field contained
in the translation table descriptor registers and
translation table entries that specifies access
protection information for a logical address dur-
ing address translation.

quadword:
bits.

A data item containing 64 contiguous

read access: The type of memory access used by
the CPU for fetching data operands other than
those specified by Immediate mode.

Register (R) addressing mode: In this mode, the
operand is in a general-purpose register.

Relative Address (RA) addressing mode: In this
mode, the displacement in the instruction is added
to the contents of the Program Counter to obtain
the effective address.

Relative Index (RX) addressing mode: In this
mode, the contents of the Program Counter and
index register are added to the displacement in
the instruction to obtain the effective address.

relocation: The process of mapping a logical
address to a different physical address, so that
multiple processes can use the same logical
address for distinct physical memory locations.

reset: A CPU operating state or exception that
results when a reset request is signaled on the
RESET line. A reset initializes the Program Status
registers.

responder: The device to which bus transactions
transfer data.

result register: The register that holds the
result of an operation.
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segmented mode: A mode of address representation
that supports either 64K- or 16M-byte segments
with 32-bit addresses. The most-significant
address bit selects either a 15-bit segment number
with 16-bit offset, or a 7-bit segment number with
24-bit offset. Calculations affect only the offset
and not the segment number.

self-modifying program: A program that stores to
a location from which a subsequent instruction is
fetched.

slave processor: A processor, such as a Direct
Memory Access transfer controller, that performs
dedicated functions asynchronously to the CPU.

small segment: In the segmented mode, one of the
32,768 segments in the lower half of the memory
address space. Segments are 64K bytes or smaller.

spatial locality: The characteristic of program
behavior whereby consecutive memory references
often apply to closely located addresses.

special-purpose control registers: Nine registers
used for system configuration, memory management,
Program Status, and CPU control.

Stack Pointer (SP): A general-purpose register
indicating the top (lowest address) of the
processor stack used by Call, Enter, Exit, and
Return instructions for linking procedures. The SP
is a word register, R15, in compact mode, and a
longword register, RR14, in linear or segmented
mode. Normal and system modes of operation use
separate stack pointers, the Normal Stack Pointer
(NSP) and System Stack Pointer (SSP).

static operation: A bit manipulation operation in
which the source operand is an immediate value and
is therefore fixed (static).

suspension: An instruction ending in which the
the current instruction has not been completed
because a trap is detected during instruction
execution. The instruction can be completed by
eliminating the cause of the trap and starting the
instruction again.

suspension with PC modification: An instruction
ending similar to suspension, but the Program
Counter saved on the system stack during exception
processing must be decremented by two before
starting the instruction again.

System Configuration Control Longword register
(SCCL): The 32-bit special-purpose register that
contains control bits for address translation,
cache, and exception processing.

system mode: A CPU mode of operation, used for
operating system functions, in which the S/N flag
in the FCW is 1. In this mode, the CPU can exe-
cuted privileged (and all other) instructions.

System Stack Pointer (SSP): The Stack Pointer
used while the CPU is in system mode. Normal mode
programs cannot access the SSP.

tag hit: On a memory reference, a tag hit occurs
when the cache address tags are searched for the
referenced address and a match is found.

tag miss: On a memory reference, a tag miss
occurs when the cache address tags are searched
for the referenced address and no match is found.

temporal locality: The characteristic of program
behavior whereby memory references often apply to
a location that has been referred to recently.

termination: An instruction ending in which the
current instruction has not been completed and it
is not possible to complete the instruction by
starting it again.

tightly-coupled CPUs: CPUs that execute indepen-
dent instruction streams and communicate through
shared memory on a common (global) bus.

Translation Lookaside Buffer (TLB): An on-chip
memory that automatically stores translation
information for the most recently used memory
pages.

translation table: One of three levels of tables
selected by the page descriptor registers during
address translation. Each level corresponds to a
field in the logical page address.

translation table descriptor register: One of
four registers that contain the physical addresses
of the translation tables used by the memory
management mechanism during address translation.

translation table entry: An entry in one of the
three levels of translation tables. Entries in the
first two levels point to another level table.
Entries in the third level (page table) contain
the physical frame address used during
translation.

trap: An exception that occurs when certain con-
ditions, such as an access protection violation,
are detected during execution of an instruction.
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unaligned address: An address that is not a mul-
tiple of an operand's size in bytes. 0dd addresses
are unaligned for words and longwords; even
addresses that are not multiples of four are
unaligned for longwords.

vectored interrupt: An interrupt that uses the
low-order byte of the identifier word as a vector
to an interrupt service routine; can be disabled.

virtual memory: A memory management technique in
which the system's logical memory address space is
not necessarily the same as, and can be much
larger than, the available physical memory.

word: A data item containing sixteen contiguous
bits.

word hit: On a memory reference to the cache, a
tag hit occurs and a valid copy of the word is
stored in the cache.

word miss: On a memory reference to the cache, a
tag hit occurs but a valid copy of the word is not
stored in the cache.

write access: The type of memory access used by
the CPU for storing data operands.
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Access protection, 1:2, 4:8
Address calculations, 5:1,3
Addressing delays, E:15
Addressing modes, 4-14, 5:2

Base Address (BA), 5:6,10

Base Index (BX), 5:6,11

Direct Address (DA), 5:5,8

Extended, 5:14

Immediate (IM), 5:4,8

Index (X), 5:5,9

Indirect Register (IR), 5:4,8

Relative Address (RA), 5:7,12

Relative Index (RX), 5:7,13

used in compact mode, 5:4-7

used in segmented and linear modes, 5:7-12
Address representation, 1:1, 3:1-2

Compact mode, 1:1, 3:1-2

Linear mode, 1:2, 3:1-2

Segmented mode, 1:1-2, 3:1-2
Address spaces, 1:1, 4:1-3
Address translation, 1:2, 4:4
Address Translation trap, 7:4
Architecture, 1:1
Arithmetic instructions, 6:2-3
Assembler language syntax, 6:10-11
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Base Address (BA) addressing mode, 5:6,10
Base Index (BX) addressing mode, 5:6,11
Bit Field instructions, 6:5-6

Bit Manipulation instructions, 6:5

Block diagram of 280,000 CPU, 1:6

Block Transfer and String Manipulation
instructions, 6:7

Breakpoint trap, 7:4

Burst Memory Read and Write transaction, 8:10-11

Burst Memory Read timing, 8:12

Burst Memory Write timing, 8:13

Burst transfer protocol, 8:11

Bus acknowledge, 8:22-24

Bus error, 7:4, 8:21

Bus operations, 8:1

Bus request, 8:22-24

Bus Request Acknowledge timing, B8:22

Bus request protocol, 8:24

Bus retry, 8:21

Bus timing, 8:6-7

Bus transaction response, 8:8

Bus transactions, 8:7-21
Burst Memory Read and Write transaction, 8:10-11
CPU-EPU Data transactions, 8:17-18
CPU-EPU Instruction transactions, B8:16
CPU-Memory transactions, 8:8-12
EPU-Memory transactions, 8:18-19
EPU transactions, 8:13-15
Input/Output transactions, 8:12-13
Interlocked Memory transactions, 8:11-12
Single Memory Read and Write transactions,

8:8-10

Cache, 1:4, 8:3, C:1-3

Compact mode, 1:1, 3:1-2, 6:13
Compatibility with Z8000 CPU, 1:6, A:1
Condition codes, 6:9-10

Conditional trap, 7:4

Coprocessor, 1:4, 8:2

CPU Bus Request Protocol, 8:24

CPU Control instructions, 6:8-9
CPU-EPU Data Read timing, 8:17

CPU-EPU Data transactions, 8:17-18
CPU-EPU Data Write timing, 8:18
CPU-EPU Instruction transactions, 8:16
CPU-EPU Instruction Transfer timing, B:16
CPU internal organization, 1:5-6
CPU-Memory transactions, 8:8-12

Data formats, 2:1
Demand-paged virtual memory, 1:2
Direct Address (DA) addressing mode, 5:5,8

-
EPA, see Extended Processing Architecture

EPU-Memory Single Write timing, 8:19 EPU-Memory
transactions, 8:18-19
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EPU transactions, 8:13-15
Exception handlers, 7:7
Exception processing delays, E:19-20
Exceptions, 1:3, 7:3-9

Bus error, 7:4

Interrupts, 7:4

Priority of, 7:8-9

Reset, 7:3

Traps, 7:4,5
Execution time, E:3
Extended addressing modes, 5:14, 6:13
Extended Instructions, 6:9
Extended Instruction trap, 7:4
Extended Processing Architecture (EPA), 1:3,4
External interface, 1:4, 8:1-27
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Flag and Control Word register, 1:1, 2:2-3
Flags, 6:9-10

Floating-point operations, 1:3

Flyby transactions, 8:1

Frame pointer, 1:1, 2:2

-

General-purpose register file, 2:1-2
Global Bus Request timing, 8:23
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Hardware Interface Control register (HICR), 2:4,
8:5-6
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Immediate (IM) addressing mode, 5:4,8
Index (X) addressing mode, 5:5,9
Indirect Register (IR) addressing mode, 5:4,8
Input/Output instructions, 6:8
Instruction execution, 7:2-3
Instruction format, 6:12
Instruction Set, 6:16-214

Arithmetic instructions, 6:2-3

Bit Field instructions, 6:5-6

Bit Manipulation instructions, 6:5

Block Transfer and String Manipulation

instructions, 6:7
CPU Control instructions, 6:8-9

Descriptions and formats, 6:16-214

Extended Instructions, 6:9

Flags and condition codes, 6:9-10

Input/Output instructions, 6:8

Load and Exchange instructions, 6:1-2

Logical instructions, 6:3-4

Notation and binary encoding used in, 6:10-12

Program Control instructions, 6:4-5
Integer Arithmetic Error trap, 7:4
Interlocked Memory transactions, 8:11-12
Internal Operation and Halt timing, 8:21
Internal Operation and Halt transactions, 8:21
Interrupt Request/Acknowledge timing, 8:20
Interrupt Request and Acknowledge, 8:20-21
Interrupts, 1:3, 7:4

Non-maskable, 1:3

Non-vectored, 1:3

Vectored, 1:3 1/0 Read timing, 8:14
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Linear mode, 1:2, 3:1-2, 6:13-15

Load and Exchange instructions, 6:1-2
Local Bus Request Acknowledge timing, 8:22
Logical instructions, 6:3-4

Logical 1/0 address spaces, 4:3

Logical memory address spaces, 4:1
Loosely-coupled multiple CPU, 1:5

Memory delays, E:15-18

Memory management, 1:2, 4:3

Memory-mapped 1/0, B:1

Multiprocessor Configurations, 1:4, 8:2
Coprocessor, 1:4 Slave processor, 1:5
Tightly-coupled multiple CPUs, 1:5
Loosely-coupled multiple CPUs, 1:5
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Non-maskable interrupts, 7:4
Non-vectored interrupts, 7:4
Normal mode, 1:3, 3:2-3

Normal Stack Pointer, 2:3, 3:2

0dd PC trap, 7:5
Operating states, 7:1
Overflow Stack Pointer (0SP), 2:4
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Physical address space, 4:3
Pin Functions, 8:3-4
Pipeline delays, E:3-4
Pipelined instruction execution, 7:3
Privileged Instruction trap, 7:4
Program Control instructions, 6:4-5
Program Counter, 1:1, 2:3
Program Status, 7:5-7
Program Status Area Pointer (PSAP), 2:3
Program Status registers, 1:1, 2:2-3
Program Counter, 1:1, 2:3
Flag and Control Word register, 1:1, 2:2-3
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Register (R) addressing mode, 5:4,7

Relative Address (RA) addressing mode, 5:7,12
Relative Index (RX) addressing mode, 5:7.13
Reserved control bits, 2:4

Reset, 8:26-27
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Segmented mode, 1:1-2, 3:1-2, 6:13-15
Single Memory Read and Write transactions, 8:8-10
Single Memory Read timing, 8:8-9

Single Memory Write timing, 8:10

Slave processor, 1:5, 8:2

Special-purpose control registers, 2:3
Stack Pointer, 1:1, 2:2

System Call trap, 7:4

System Configuration Control Longword, 2:4
System mode, 1:3, 3:2-3

System Stack Pointer, 3:2
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Table entry formats, 4:7
Tightly-coupled multiple CPU, 1:5
Timing formulae, Appendix E
TLB, see Translation Lookaside Buffer
Trace trap, 7:5
Translation Lookaside Buffer (TLB), 1:2, 4:4-5
Translation Table Descriptor registers, 2:4
Traps, 7:4-5
Address Translation trap, 7:4
Breakpoint trap, 7:4
Conditional trap, 7:4
Extended Instruction trap, 7:4
Integer Arithmetic Error trap, 7:4
0dd PC trap, 7:5
Privileged Instruction trap, 7:4
System Call trap, 7:4
Trace trap, 7:5
Unimplemented Instruction trap, 7:5

U-

Unimplemented Instruction trap, 7:5

v-

Vectored interrupts, 7:4
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28000 CPU, compatibility with, 1:6, A:1
28070 Arithmetic Processing Unit, 1:3
780,000 CPU block diagram, 1:6
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