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Chapter 1
Z8000 Processor Overview

1.1 Intro-

duction

This chapter provides a summary description
of the advanced architecture of the Z8000
Microprocessor, with special attention given to

those architectural features that set the Z8000

CPU apart from its predecessors. A complete

overview of the architecture is provided in

Chapter 2, with detailed descriptions of the
various aspects of the processor provided in

succeeding chapters.

 

1.2 General Zilog’s Z8000 microprocessor has been benefits that result from these features are

 

Organization designed to accommodate a wide range of code density, compiler efficiency, support for

applications, from the relatively simple to the typical operating system operations, and com-
large and complex. The Z8000 CPUis offered plex data structures. These topics are treated

in two versions: the Z8001 and the Z8002. Each in Section 1.3.
CPU comes with an entire family of support The CPU has been designed so that a power-
components: a memory managementunit, a ful memory managément system can be used to

DMAcontroller, serial and parallel I/O improve the utilization of the main memory

controllers, and extended processing units—all and provide protection capabilities for the

compatible with Zilog’s Z-Bus. Together with system. This is discussed in Section 1.3.12.

other Z8000 Family components, the advanced Although memory managementis an optional

CPUarchitecture provides in an LSI micro- capability—the Z8000 CPU is an extremely

processor design theflexibility and sophisti- sophisticated processor without memory

cated features usually associated with mini- or management—the CPU has explicit features to

mainframe computers. facilitate integrating an external memory

The major architectural features of the Z8000 management device into a Z8000 system con-

CPU that enhance throughput and processing figuration.

powerare a general purposeregisterfile, Finally, care has been taken to provide a

system and normal modesof operation, mullti- very general mechanism for extending the

ple addressing spaces, a powerful instruction basic instruction set through the use of extern

set, numerous addressing modes, multiple al devices (called Extended Processing

stacks, sophisticated interrupt structure, a rich Units—EPUs). In general, an EPU is dedicated

set of data types, separate I/O address spaces to performing complex and time-consuming

and, for the Z8001, a large address space and tasks so as to unburden the CPU. Typical tasks
segmented memory addressing. Each of these for specialized EPUsinclude floating-point

features is treated in detail in the next section. arithmetic, data base search and maintenance

These architectural features combine to pro- operations, network interfaces, and many

duce a powerful, versatile microprocessor. The others. This topic is treated in Section 1.5.

1.3 Architec- The architectural resources of the Z8000 uses. The CPU also has two operating modes,

tural Features CPUinclude sixteen 16-bit general-purpose
registers, seven data types ranging from bits to

32-bit long words and byte strings, eight user-

selectable addressing modes, and an instruc-

tion set more powerful than that of most mini-
computers. The 110 distinct instruction types

combine with the various data types and

addressing modesto form a rich set of 414

instructions. Moreover, the set exhibits a high
degree of regularity: more than 90% of the

instructions can use any of five main address-

ing modes, with 8-bit byte, 16-bit word, and

32-bit long-word data types.

The CPU generates status signals indicating

the nature of the bus transaction that is being

attempted; these can be used to implement

sophisticated systems with multiple address

spaces—memory areas dedicated to specific

system and normal, which can be used to

separate operating system functions from nor-

mal applications processes. I/O operations

have been separated from memory accesses,
further enchancing the capability and integrity

of Z8000-based systems, and a sophisticated

interrupt structure facilitates the efficient

operation of peripheral I/O devices. Moreover,

the Extended Processing Unit (EPU) capability

of the Z8000 allows the CPU to unload many
time-consuming tasks onto external devices.

Special features of the Z8000 have been

introduced to facilitate the implementation of

multiple processor systems. In addition, the

Z8001 CPU has a large, segmented addressing

capability that greatly extends the applica-

bility of microprocessors to large system

applications.
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1.3.1 General-Purpose Register File. The
heart of the Z8000 CPU architectureis a file of

sixteen 16-bit general-purpose registers. These

general-purpose registers give the Z8000 its

powerandflexibility and addto its regular
instruction structure.

General-purpose registers can be used as

accumulators, memory pointers or index reg-

isters. Their major advantage is that the partic-

ular use to which they are put can vary during

the course of a program as the needs of the

program change. Thus, the general-purpose

register file avoids the critical bottlenecks of

an implied or dedicated register architecture,
which must save andrestore the contents of

dedicated registers when moreregisters of a

particular type are needed than are supplied

by the processor.

The Z8000 CPU register file can be

addressed in several ways: as 16 byte registers

(occupying the-sper half of the file) or as 16
word registers or, by using the register pairing

mechanism, as eight long-word (32-bit) reg-

isters or as four quadruple-word (64-bit) reg-

isters. Because of this register flexibility, it is

not necessary (for example) for a Z8000 user to
dedicate a 32-bit register to hold a byte of

data. Registers can be used efficiently in

the Z8000.

1.3.2 Instruction Set. A powerful instruction
set is one of the distinguishing characteristics

of the Z8000. The instruction set is one

measureof the flexibility and versatility of a

computer. Having a given operation imple-

mented in hardware saves memory and

improves speed. In addition, completeness of

the operations available on 4 particular data

type is frequently more important than addi-

tional, esoteric instructions, which are unlikely

to affect performancesignificantly. The Z8000

CPU provides a full complementof arithmetic,

logical, branch, I/O, shift, rotate, and string

instructions. In addition, special instructions

have been includedto facilitate multiprocess-

ing, multiple processor configurations, and

typical high level language and operating
system functions. The general philosophy of

the instruction set is two-operand register-

memory operations, which include as a special

subset register-register operations. However,

to improve code density, a few memory-

memory operations are used for string manipu-

lation. The two-address format reflects the most

frequently occurring operations (such as

A — A + B). Also, having one of the
operands in a rapidly accessible general-

purpose register facilitates the use of inter-

mediate results generated during a

calculation.

The majority of operatons deal with byte,

word, or long-word operands, thereby pro-

viding a high degree of regularity. Also

included in the instruction set are compact,

one-word instructions for the most frequently iN

used operations, such as branching short sy

distances in a program.

The instruction set contains some notable
additions to the standard repertoire of earlier

microprocessors. The Load and Exchange

group of instructions has been expanded to
support operating system functions and con-

version of existing microprocessor programs.

The usual arithmetic instructions can now deal

with higher-precision operands, while hard-

ware multiply and divide instructions have also
been added. The Bit Manipulation instructions

can use calculated values to specify the bit

position within a byte or word as well as to

specify the position statically in the instruc-

tion. The Rotate and Shift instructions are con-

siderably more flexible than those in previous

microprocessors. The String instructions are

useful in translating between different char-

acter codes. Multiple-processor configurations

are supported by special instructions.

1.3.3 Data Types. Many data types are sup-

ported by the 28000 architecture. A data type

is supported when it has a hardware represen-

tation and instructions which directly apply to

it. New data types can always be simulated in

terms of basic data types, but hardware sup-

port provides faster and more convenient

operations. The basic data type is the byte,

which is also the basic addressable element.

The architecture also supports the following

data types: words (16 bits), long words (32

bits), byte strings, and wordstrings. In

addition, bits are fully supported and

addressed by number within a byte or word.

BCDdigits are supported and represented as

two 4-bit digits in a byte. Arrays are supported

by the Indexed addressing mode (see 1.3.4

and Chapter 5). Stacks are supported by the

instruction set and by an external device (the

Memory Management Unit, MMU) available
with the Z8001.

1.3.4 Addressing Modes. The addressing
mode, which is the way an operandis speci-

fied in an instruction, determines how an

address is generated. The Z8000 CPU offers

eight addressing modes. Together with the

large numberof instructions and data types,

they improve the processing power of the

CPU. The addressing modes are Register,

Immediate, Indirect Register, Direct Address,

Index, Relative Address, Base Address, and

Base Index. Several other addressing modes

are implied by specific instructions, including

autoincrement. Thefirst five modes listed
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above are basic addressing modes that are

used most frequently and apply to most

instructions having more than one addressing

mode. (In the Z8002, Base Address and Index

modes are identical, and in the 78001, 4g
. 7, » BE SIM wit

Addressing capahilite leay

all instructions, BREENO emory Manage-

ment UnitAxd THE Dizecr o@ INDEXED ADPRESMWeWwhen interrupts or traps occur. To insure that

1.3.5 Multiple MemoryF ddress Spaces. The
Z8000 CPU facilitates the use of multiple
address spaces. When the Z8000 CPU

generates an address, it also outputs signals

indicating the particular internal activity which”

led to the memory request: instruction fetch,

operand reference, or stack reference. This

information can be used in two ways: to

increase the memory space available to the

processor (for example, by putting programs in

one space and data in another); or to protect

portions of the memory and allow only certain

types of accesses (for example, by allowing

only instruction fetches from an area desig-

nated to contain proprietary software). The

Memory Management Unit (MMU) has been

designed to provide precisely these kinds of

protection features by using the CPU-

generated status information.

1.3.6 System/Normal Mode of Operation.
The Z8000 CPU can run in either system mode

or normal mode. In system mode,all of the

instructions can be executed and all of the

CPU registers can be accessed. This modeis

intended for use by programs performing

operating system functions. In normal mode,

some instructions may not be executed (e.g.,

I/O operations), and the control registers of

the CPU are inaccessible. In general, this

mode of operation is intended for use by appli-

cation programs. This separation of CPU

resources promotes the integrity of the system,

since programs operating in normal mode can-

not access those aspects of the CPU which deal
with time dependent or system-interface

events.

Programs executing in normal mode which

have errors can always reproduce those errors
for debugging purposes simply by re-exe-

cuting the program with its original data. Pro-

grams using facilities available only in system

mode may have errors due to timing consider-

ations (e.g. based upon the frequencyof disk

requests and disk arm-position) that are harder

to debug because these errors are not easily

reproduced. Thus, the preferred method of

program developmentis to partition the task

into a portion which can be performed without

those resources accessible only in system mode

(which will usually be the bulk of the task) and

a portion requiring system mode resources.

The classic example of this partitioning comes

from current minicomputer and mainframe

systems: the operating system runs in system

mode andthe individual users write their pro-

grams to run in normal mode.

To further support the system/normal mode

dichotomy, there are two copies of the stack
pointer—one for a system modestack and

another for a normal mode stack. These two

stacks facilitate the task switching involved

the normal stack is free of system information,

the information saved on the occurrence of

interrupts or traps is always pushed on the

system stack before the new program status is
loaded.

1.3.7 Separate I/O Address Spaces. The
Z8000 Architecture distinguishes between

memory and I/O spaces and thus requires

specific I/O instructions. This architectural

separation allows better protection and has

more potential for extension. The use of

separate I/O spaces also conserves the limited

Z8002 data memory space. There are in fact

two separate I/O address spaces: standard I/O

and special I/O. The main advantage of these

two spacesis to provide for two types of

peripheral support chips—standardI/O per-

ipherals and special I/O peripherals—devices

such as the Z8010 Memory Management Unit

that do not respond to standard I/O com-

mands, but do respondto special I/O com-

mands. A second advantage of these two

spacesis that they allow 8-bit peripherals to

attach to the low-ordereight bits (standard

I/O) or to the high-order eight bits (special

1/O) of the processor Address/Data bus.

The increased speed requirements of future

microprocessorsare likely to be achieved by

tailoring memory and I/O references to their

respective, characteristic reference patterns

and by using simultaneous I/O and memory

referencing. These future possibilities require

an architectural separation today. Memory-

mapped I/Ois still possible, but loss of protec-

tion and lack of expandability are severe

problems.

1.3.8 Interrupt Structure. The sophisticated
interrupt structure of the Z8000 allows the pro-

cessor to continue performing useful work
while waiting for peripheral events to occur.

The elimination of periodic polling and idling

loops (typically used to determine when a

device is ready to transmit data) increases the

throughput of the system. The CPU supports

three types of interrupts. A non-maskable

interrupt represents a catastrophic event which

requires immediate handling to preserve

system integrity. In addition, there are two

types of maskable interrupts: non-vectored

interrupts and vectored int upts, The latter
. . LATE

proyides an auto atic cal Seorrupt process-

ingmeeeTREAGE5S‘ hetector pre-

sented by the peripheral to the Z8000.
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The Z8000 has implemented a priority system
for handling interrupts. Vectored interrupts
have higher priority than non-vectored inter-

rupts. This priority scheme allows the efficient

control of many peripheral devices in a Z8000 |

system. .

Aninterrupt causes information relating to
the currently executing program (program
status) to be saved on a special system stack
with a code describing the reason for the

switch. This allows recursive task switches to

occur while leaving the normal stack undis-
tur, edPY system information. The stete pro-

gramato handle the interrupt (new program
status) is loaded from a special area in

memory, the program status area, designated
by a pointer resident in the CPU.

The use of the stack and of a pointer to the
program status area is a specific choice made
to allow architectural compatibility if new

interrupts or traps are added to the

architecture.

1.3.9 Multi-Processing. The increase in micro-

processor computing power that the Z8000

represents makes simple the design of

distributed processing systems having many

low-cost microprocessors running dedicated

processes.

The 28000 provides some basic mechanisms

that allow the sharing of address spaces among

different microprocessors. Large segmented

address spaces and the support for external

memory management make this possible. Also,

a resource request bus is provided which,in

conjunction with software, provides the exclu-

sive use of sharedcritical resources. These

mechanisms, and new peripherals such as the

Z-FIO, have been designed to allow easy asyn-

chronous communication between different

CPUs.

1.3.10 Large Address Space for the Z8001.

For many applications, a basic address space

of 64K bytes is insufficient. A large address
space increases the range of applications of a

system by permitting large, complex programs

and data sets to reside in memory rather than

be partitioned and swappedinto a small

memory as needed. A large address space

greatly simplifies program and data manage-

ment. In addition, large address spaces and
memories reduce the need for minimizing pro-

gram size and permit the use of higherlevel

languages. The segmented version of the

28000 generates 23-bit addresses, for a basic

address space of 8 megabytes (8M or 8,388,

608 bytes).

1.3.11 Segmented Addressing of the Z8001.
The segmented version of the Z8000 CPU

divides its 23-bit addresses into a 7-bit seg-

ment numberand a 16-bit seqment offset. The

segment numberserves as a logical name of a

segment; it is not altered by the effective

address calculation (by indexing, for exam-

ple). This corresponds to the way memoryis

typically used by a program—oneportion of

the memory is set aside to hold instructions,

another for data. In a segmented address
space, ‘the instructions could reside in one seg-

‘ ment (orseveral different modules in different

segments), and each data set could reside in a
separate segment. One advantage of segmenta-
tion is that it speeds up address calculation
and relocation. Thus, segmentation allows the

use of slower memories than linear addressing

schemesallow. In addition, segments provide
a convenient way of partitioning memory so

that each partition is given particular access

attributes (for example, read-only). The Z8000

approach to segmentation (simultaneous access

to a large number of segments) is necessaryif

all the advantages of segmentation are to be

realized. A system capable of directly access-

ing only, say, four segments would lack the

needed flexibility and would be constrained by

address spacelimitations.

1.3.12 Memory Management. Memory
managementconsists primarily of dynamic

relocation, protection, and sharing of memory.

It offers the following advantages: providing a

logical structure to the memory spacethat is

independentof the actual physical location of

data, protecting the user from inadvertent
mistakes such as attempting to execute data,

preventing unauthorized access to memory

resources or data, and protecting the operation
system from disruption by the users.

The address manipulated by the program-

mer, used by instructions, and output by the

segmented Z8000 CPUare called logical
addresses. The external memory management

system takes the logical addresses and trans-

forms them into physical addresses required

for accessing the memory. This address trans-
formation processis called relocation, which

makes user software independentof the physi-

cal memory. Thus, the user is freed from

specifying where information is actually
located in the physical memory.
The segmented Z8000 CPU supports memory

management both with segmented addressing

and with program-status information. A seg-

mented addressing space allows individual

segments to be treated differently.

Program status information generated by the
CPU permits an external memory management

device to monitor the intended use of each

memory access. Thus, illegal types of access

can be suppressed and memory segments pro-

tected from unintended or unwanted modes of

use. For example, system tables could be pro-

tected from direct user access. This added pro-

tection capability becomes more important as
microprocessors are applied to large, complex

tasks.
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1.4 Benefits of

the Architec-

ture

EXCEPT RD >»

The features of the Z8000 Architecture com-
bine to provide several significant benefits:

improvements in code density, compiler effi-

ciency, operating system support, and support

for high level data structures.

1.4.1 Code Density. Code density affects both
processor speed and memoryutilization. Code

compaction saves memory space—an especial-

ly important factor in smaller systems—and

improves processor speed by reducing the

numberof instruction words that must be

fetched and decoded. The Z8000 offers several

advantages with respect to code density. The

most frequently used instructions are encoded

in single-word formats. Fewer instructions are

needed to accomplish a given task and a con-

sistent and regular architecture further
reduces the numberof instructions required.

Code density is achieved in part by the use

of special “short’’ formats for certain instruc-

tions which are shown bystatistical analysis to

be most frequently used by assemblers. A

“short offset'’ mechanism has also been provid-

ed to allow a 2-word segmented address to be

reduced to a single word; this format may be

used by assemblers and compilers.

The largest reduction in program size and

increase in speed results from the consistent

and regular structure of the architecture and

from the more powerful instruction set—factors

that substantially reduce the number of

instructions required for a task. The architec-

ture is more regular relative to preceding

microprocessers because its registers, address

modes, and data types can be used in a more

orderly fashion. Any general-purpose register

can be specified as an acculumator, index reg-

ister, or base register. With a few exceptions,

all basic addressing modes can be used with

all instructions, as can the various data types.

General-purpose registers do not have to be

changedas often as registers dedicated toa

specific purpose. This reduces program size,

since frequent load and store operations are

not required.

1.4.2 Compiler Efficiency. For microprocessor

users, the transition from assembly language to

high-level languages allows greater freedom

from architectural dependency and improves

ease of programming. However, rather than

adapt the architecture to a particular high-

level language, the Z8000 was designed as a

general-purpose microprocessor. (Tailoring a

processorfor efficiency in one language often

leads to inefficiency in unrelated languages.)

For the Z8000, language support has been pro-

vided through the inclusion of features

designed to minimize typical compilation and

code-generation problems. Among these

features is the regularity of the Z8000 address-

ing modes and data types. Access to

parameters and local variables on the pro-
cedure stack is supported by the “Index With

Short Offset” addressing mode, as well as the
Base Address and Base Index addressing

modes. In addition, address arithmetic is aided
by the Increment and Decrement instructions.

Testing of data, logical evaluation, initializa-
tion, and comparison of data are made possi-

ble by the instructions Test, Test Condition
Codes, Load Immediate Into Memory, and

Compare Immediate With Memory. Since com-

pilers and assemblers frequently manipulate

character strings, the instructions Translate,

Translate And Test, Block Compare, and Com-

pare String all result in dramatic speed

improvements over software simulations of
these importanttasks. In addition, any register

except zero can be used as a stack pointer by

the Push and Popinstructions.

1.4.3 Operating System Support. Interrupt

and task-switching features are included to

improve operating system implementations.

The memory-management and compiler-

support features are also quite important.

The interrupt structure has three levels: non-

maskable, non-vectored, and vectored. When

an interrupt occurs, the program statusis

saved on the stack with an indication of the
reason for this state-switching before a new

program status is loaded from a special area of

memory. The program status consists of the

flag register, the contro] bits, and the program

counter. The reason for the occurrenceis

encoded in a vector that is read from the sys-

tem bus and saved onthe stack. In the case of

a vectored interrupt, the vector also deter-

mines a jump table address that points to the

interrupt processing routine.

The inclusion of system and normal modes

improves operating system organization. In the

system mode, all operations are allowed; in the

normal mode,certain system instructions are

prohibited. The System Call instruction allows
a controlled switch of mode, and the imple-

mentation of traps enforces these restrictions.

Traps result in the same type of program

status-saving as interrupts: in both cases, the

information saved is pushed on to a system

stack that keeps the normal! stack undisturbed.

The Load Multiple instruction allows the con-

tents of registers to be saved efficiently in

memory or on the stack. Running programs

can cause program status changes under

direct software control with the Load Program

Status instruction.

Finally, exclusion and serialization can be

achieved with the “atomic’’ Test And Set

instruction that synchronizes asynchronous

cooperating processes.
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1.4.4 Support for Many Types of Data Struc-
tures. A data structure is a logical organiza-
tion of primitive elements (byte, word,etc.)

whose format and access conventions are well-

defined. Common data structures include

arrays, lists, stacks, and strings. Since data

structures are high-level constructs frequently

used in programming, processor performance

is significantly enchanced if the CPU provides

mechanismsfor efficiently manipulating them.
The Z8000 offers such mechanisms.

In many applications, one of the most fre-

quently encountered data structures is the

array. Arrays are supported in the Z8000 by

WE INOLK AWwO the Base Index addressing modesand by seg-
mented addressing. The Base Index addressing

mode allows the use of pointers into an array

(i.e., offsets from the array’s starting address).

Segmented addressing allows an array to be

assigned to one segment, which can berefer-

enced simply by segment number.

Lists occur more frequently than arrays in

business applications and in general data pro-

cessing. Lists are supported by Indirect Reg-

ister and Base Address addressing modes. The

Base Index addressing modeis also useful for

more complexlists.
Stacks are used in all applications for nest-

ing oF routines, block structured lanquages,

and interrupt handling. Stacks are supported

by the Push and Popinstructions, and multiple

stacks may be implemented based on the

general-purpose registers of the Z8000. In

addition, two hardware stack pointers are used

to assign separate stacks to system and normal

operating modes, thereby further supporting

the separation of system and normal operating
environments discussed earlier.

Byte and wordstrings are supported by the
Translate and Translate And Test instructions.

Decimalstrings use the Decimal Adjust
instruction to do decimal arithmetic on strings

of BCD data, packed two characters per byte.
The Rotate Digit instructions also manipulate

4-bit data.

1.4.5 Two CPU Versions: Z8001 and Z8002.

The Z8000 CPUis offered in two versions: the

Z8001 48-pin segmented CPU and the Z8002

40-pin nonsegmented CPU. The main differ-

ence between the two is addressing range. The

Z8001 can directly address 8M bytes of

memory; the Z8002 directly addresses 64K

bytes. The Z8001 has a non-segmented mode of

operation which permits it to execute programs

written for the Z8002.

Not all applications require the large

address space of the Z8001; for these appli-

cations the Z8002 is recommended. Moreover,

many multiple-processor systems can be imple-

mented with one Z8001 and several Z8002s,

instead of exclusively using Z8001s. Since the

same assembler generates code for both CPUs,

users can buy only the power they require

without having to worry about software incom-

patibility between processors.

 

1.5 Extended

Instruction

Facility

The Z8000 architecture has a mechanism for

extendingthe basic instruction set through the

use of external devices. Special opcodes have

been set aside to implement this feature. When
the CPU encounters an instruction with these

opcodesin its instruction stream, it will per-

form any indicated address calculation and

data transfer; otherwise, it will treat the

“extended instruction” as being executed by

the external device. Fields have been set aside
in these extended instructions which can be

interpreted by external devices (Extended Pro-

cessing Units—EPUs) as opcodes. Thus, by

using appropriate EPUs, the instruction set of

the Z8000 can be extended to include special-

ized instructions.

In general, an EPU is dedicated to perform-

ing complex and time-consuming tasks in
order to unburden the CPU. Typical tasks suit-

able for specialized EPUs includefloating-

point arithmetic, data base search and main-

tenance operations, network interfaces,

graphics support operations—a completelist

would include most areas of computing.
 

1.6 Summary The architectural sophistication of the Z8000
microprocessor is on a level comparable with

that of the minicomputer. Features such as
large address spaces, multiple memory spaces,

segmented addresses, and support for multiple
processors are beyond the capabilities of the

traditional mimieemputes. The benefits of this

MACRereycESo0a,

architecture—code density, compiler support,
and operating system support—greatly

enhance the power andversatility of the CPU.

The CPU features that support an external

memory management system also enhance the
CPU's applicability to large system

environments.
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Chapter 2
Architecture_

2.1 Intro-

duction

This chapter provides an overview of the
Z8000 CPU architecture. The basic hardware,

operating modes and instruction set are all

described. Differences between the two ver-

sions of the Z8000 (the nonsegmented Z8002

and the segmented Z8001) are noted where

appropriate. Most of the subjects covered here
are also treated with greater detail in later

chapters of the manual.

 

2.2 General Figure 2.1 contains a block diagram that

 

  

      

@ An exception-handling control, which pro-

 

 

   

  
 
 

  

     

   
 

             

 

Organization shows the major elements of the Z8000 CPU, cesses interrupts and traps.

namely: m A refresh control, which generates memory
g A 16-bit internal data bus, which is used to refresh cycles.

move address and data within the CPU. Each of these elements is explained in the
m A Z-Bus interface, which controls the inter- following sections. All of the elements are

action of the CPU with the outside world. commonto both the Z8001 CPU and the 28002

m A set of 16 general-purpose registers, which cr". rooees between phe two veran
is used to contain addresses and data. or t © are derived from the number o

bits in the addresses they generate. The Z8002

@ Four special-purpose registers, which con- always generates a 16-bit linear address, while
trol the CPU operation. the Z8001 always generates a 23-bit segmented

g@ An Arithmetic and Logic Unit, which is address (that is, an address composed of a

used for manipulating data and generating 7-bit segment number and a 16-bit offset).

addresses.

m Aninstruction execution control, which

fetches and executes Z8000 instructions.

[TT ~™
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Figure 2-1. Z8000 CPU Functional Block Diagram
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2.2 General Figure 2.2 gives a system-level view of the
Organization Z8000. It is important to realize that the Z8000
(Continued) CPU comes with a whole family of support

components. The Z8000 Family has been
designed to allow the easy implementation of

powerful systems. The major elements of such
a system might include:

m@ The Z-Bus, a multiplexed address/data
shared busthat links the components of the

system.

g@ A 28001 or Z8002 CPU.

@ One or more Extended Processing Units

(EPUs), which are dedicated to performing
specialized, time-consumingtasks.

@ A memory sub-system, which in Z8001

systems can include one or more Memory

 

Management Units (MMUs) that offer sophis-

ticated memoryallocation and protection
features.

m One or more Direct Memory Access (DMA)

controllers for high-speed data transfers.

g@ A large number of possible peripheral

devices interfaced to the Z-Bus through
Universal Peripheral Controllers (UPCs),

Serial Communication Controllers (SCCs),

Counter-Timer and Parallel I/O Controllers
(CIOs) or other Z-Bus peripheral
controllers.

m One or more FIFO I/O Interface Units
(FIOs) for elastic buffering between the

CPUand another device, such as another

CPU in a distributed processing system.

PERIPHERALS

 

    

 

    

 

28000
cpu

 

 

   
 

  28001 ONLY

 

FIO

   

 

 MEMORY

 
 

Figure 2-2. Z8000 System Configuration
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2.3 Hardware Figure 2.3 shows the Z8000 pins grouped

 

    
 

 

 

 

Interface according to function. The Z8001 is packaged
in a 48-pin DIP and the Z8002 is packaged in a = Noa <>
40-pin DIP. The eight additional pins on the Bus os ‘

: TIMING ADs >
Z8001 are the seven segment-number lines and <a ADs bad
the segment trap. Except for those eight, all neaD ADi2

pins on the two CPU versionsare identical. NORMAUSYSTEM o pad
The Z8000 is a Z-Bus CPU; thus, activity on ~<—| ByTEWORD a

the pins is governed by the Z-Bus protocols STATUS ADs ra ADDRESS!
(see The Z-Bus Summary). These protocols * . . . DATA Bus

+ "7 2 se

specify two types of activities: transactions, «—sr, ap; |»
which coverall data movement(such as ist AD, [>

memory references or I/O operations), and ar z8001 ne pa
: : cpu) —~*| Dz

requests, which cover interrupts and requests comet stop 78002 AD,
for bus or resource control. The following is a ADs <>

brief overview of the Z8000 pin functions; com- conreut{— sus PZ) 7 eae

plete descriptions are found in Chapter 9. | sn, =

2.3.1 Address/Data Lines. These 16 lines — Nai ) SN ment |
alternately carry addresses and data. The INTERRUPTS) ——> a os -—> NUMBER
addresses may be those of memorylocations or SN; b>

I/O ports. The bus timing signal lines MULTI-MIGRO { — 1" | SNof-—> |
described below indicate what kind of informa- CONTROL «—)Mo {| —. seoment |

SEGT +—

tion the Address/Data lines are carrying. LopPAP

2.3.2 Segment Number (Z8001 only). These t t

seven lines encode the address of up to 128 asV GND GLK RESET
relocatable memory segments. The segment

signals become valid before the address offset

signals, thus supporting addressrelocation by Figure 2-3. Z8000 Pin Functions

the memory managmentsystem.

2.3.3 Bus Timing.These three lines include to determine when the multiplexed Address/
Address Strobe (AS), Data Strobe (DS) and Data Bus holds addresses or data. The Memory

Memory Request (MREQ). They are used to Request signal can be used to time control

signal the beginning of a bus transaction and signals to a memory system.

ST3-ST Definition 2.3.4 Status. These lines function to indicate
the kind of transaction on the bus (STy-ST3),

en sternal operation whetherit is a read or write (R/W, where High
emory refresh . : : ah:

0010 VO reference is Read and Low is Write), whetherit is on

0011 Special I/O reference byte or word data (B/W, High = byte,
0100 Segment trap acknowledge Low = word), and whether the CPUis

0101 Non-maskable interrupt acknowledge operating in normal modeor system mode
0110 Non-vectored interrupt acknowledge (N/S High = normal, Low = system). The

0111 Vectored interrupt acknowledge ’ g ' : Y .
1000 Data memory request ST9-ST3 lines also encode additional

1001 Stack memory request characteristics of the bus transactions, as Table
1010 Data memory request (EPU) 2.1 shows. The availability of status information

1011 Stack memory request (EPU) defining the type of bus transaction in advance
OF instruction fetch, factor4 of data transmission allows bidirectional

1110 EPA Transfer drivers and other external hardware elements
111] Reserved to be enabled before data is transferred.

Table 2.1 Status Line Codes
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2.8 Hardware 2.3.5 CPU Control. These inputs allow exter-
Interface
(Continued)

(cor THe second

€PA 1 STRAT

nal devices to delay the operation of the CPU.

The WAIT line, when active (Low), causes the

CPUto idle in the middle of a bus transaction,

taking extra clock cycles until the WAIT line

goes inactive; it is typically input by memory

or I/O peripherals which operate more slowly

than the CPU. The Stop (STOP) line halts

internal CPU operation whenthefirst word of

 

 

8) an instructior“has been fetched. This signal is
useful for single-step instruction execution dur-

ing debugging operations and for enabling

Extended Processing Units to halt the CPU

temporarily.

2.3.6 Bus Control. These lines provide the

meansfor-other devices, such as direct

memory access (DMA) controllers, to gain

exclusive use of the system bus, i.e., the signal

lines that are commonto several devices in a

system. The external device requesting control

of the bus inputs a bus request (BUSREQ); the

CPU responds with a bus acknowledge

(BUSACK)after three-starting, or electrically

neutralizing, the Address/Data Bus, Bus Tim-

ing lines, Status lines, and Control lines. The

Z-Bus allows a daisy chain to be used to

enforce a priority among several external

devices.

2.3.7 Interrupts. Three interrupt inputs are

provided: non-maskable interrupts (NMI), vec-

tored interrupts (VI) and non-vectored inter-

rupts (NVI). These permit external devices to

suspend the CPU’s execution of its current
program and begin executing an interrupt ser-
vice routine.

2.3.8 Segment Trap Request (Z8001
only). This input to the CPU is used by an
external memory-management system to indi-

cate that an illegal memory access has been

attempted.

2.3.9 Multi-Micro Control. The Multi-Micro In
(MD and Multi-Micro Out (MO) lines are used

in conjunction with instructions such as MSET

and MREOQ to coordinate multiple-CPU sys-

tems. They allow exclusive use by one CPU of

a shared resource in a multiple-CPU system.

a

2.3.10 System Inputs. The four inputs shown

at the bottom of Figure 3 include +5 V power,

ground, a single-phase clock signal and a CPU

reset. The reset function is described in
Chapter7.
 

 

 

 

 

2.4 Timing Figure 2.4 shows the three basic timing of AS and endingwith a rising edge of DS. A

periods of the Z8000: a clock cycle, a bus machine cycle covers one basic CPU operation

transaction, and a machine cycle. A clock and always starts with a bus transaction. A

cycle (sometimes called a T-state) is one cycle machine cycle can extend beyond the end of a
of the CPU clock, starting with a rising edge. transaction by an unlimited number of clock +

A bus transaction covers a single data move- cycles. Appendix A contains a complete

ment on the CPU bus andwill last for three or description of Z8000 timing.

more clock cycles, starting with a falling edge

MACHINE
CYCLE

BUS
TRANSACTION

jee}croc CYCLE

5SNf

Figure 2-4. Basic Timing Periods

2.5 Address TheZ8000 supports two main address 2.5.1 Memory Address Space. Memory
Spaces spaces corresponding to the two different kinds address space can be further subdivided into

of locations that can be addressed:

mw Memory Address Space. This consists of the

addresses of all locations in the main

memory of the computer system.

g //O Address Space. This consists of the

addresses of all I/O ports through which

peripheral devices are accessed.

For more information on address spaces, con-

sult Chapter 3.

Program Memory address space, Data Memory

address space, and Stack Memory address

space, each for both normal and system

modes.
The particular space addressed is deter-

mined by the external circuitry from the code

appearing at the CPU's output status pins

(STp-ST3)and the state of the Normal/System
signal (N/S pin). Data memory reference, stack

memory reference, and program memory

f
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2.5 Address
Spaces
(Continued)

reference each correspond to a different status
code at the STp-ST3 outputs, allowing three
address spaces to be distinguished for each of

two operating modes, giving six address

spaces in all. Each of the six address spaces
has a range as great as the addressing ability

of the processor. For the nonsegmentedZ8002,
each address space can have upto 64K bytes,

giving a potential total system capacity of 384K

bytes of directly addressable memory. The
segmented Z8001, on the other hand, provides

up to 48M bytes of directly addressable mem-

ory due to the 23-bit segmented addresses.
Segmentation is a means of partitioning

memoryinto variable-size segments so that a

variety of useful functions may be permitted,
including: INPLEMENTED,

@ Protection mechanisms that prevent a user

from referencing data belongingto others,
attempting to modify read-only data or over-

flowing a stack.

@ Virtual memory, which permits a user to
write functioning programs under the

assumption that the system contains more

memorythan is actually available.
ELOCATING

@ Dynamic Rion which allows the place-
ment blocks of data in physical memory

independently of user addresses, allowing

better managementof the memory resources

and sharing of data and programs.

The signals provided on the segmented
Z8001 CPUassist in implementing these
features, although additional software and
external circuitry (such as the Z8010 MMU)is

generally required to take full advantage of
them. Chapter 3 contains an extensive discus-

sion of segmentation and the Z8001.

2.5.2 I/O Address Space. I/O addresses are
represented as 16-bit words for both the Z8001

and 28002.
There are two I/O address spaces, Standard

I/O and Special I/O, which are both separate

from the memory address space. Each I/O

space is accessed through a separate set of I/O

instructions, which can be executed only when

the CPU is operating in system mode.
Standard I/O instructions transfer data

between the CPU and peripherals and Special

I/O instructions transfer data to or from exter-

nal CPU support circuits such as the Z8010

MMU. Access to Standard or Special I/O

space is distinguished by the status lines

(STo-ST3).

 

2.6 General- The Z8000 CPU contains 16 general-purpose

 

 

 

 

 

 

 

 
 

  

 

 

 

 

 

 
 

 

 

 

 

  
  

 

 

RHO-RL7, which may be used as accumulators,

 
 

Purpose registers, each 16 bits wide. Any general- overlap the first eight word registers. Register

Registers purpose register can. be used for any instruc- groupingfor larger operands include eight

tion operand (except for minor exceptions double-word (32-bit) registers, RRO-RR14, ANDobeee,
described at the beginning of Chapter 5). which are used by a few instructions such as Rao-R@2

Figure 2.5 shows these general-purpose reg- Multiply, Divide, and Extend Sign. ?

isters. They allow data formats ranging from As Figure 2.5 illustrates, the CPU has two

bytes to quadruple words. The word registers hardware stack pointers, one dedicated to each

are specified in assembly-language statements of the two basic operating modes, system and

as RO through R15. Sixteen byte registers,

28001 z8002

ano | no [7 AKO oir Lo 9] | vo[7aig]
rt [1s AHI i RL 0] = ri [1s AT : ALY 0

| rz [ RH2 t RL2 ] noo | rloameC“‘iSSSC‘idT RUZ Roe
RRZ ARZ

ea[ aa I Aus J as[_as]
“ “a |Se

RQ4 AQS

| MC |
| av RA RU peer]

| aa [os 9 | ais
RRS ARS

asf ef
ROS RaB

awl) |eof
RAO RRO

| antl 1 an[
Rie ] |ag)

ARIZ RAIZ

av 1 i)
Ria’ SYSTEM STACK POINTER (SEG. NO) Rai2 alOCO™C—OOCSCSdY RaIZ

ana nia [ NORMAL STACK POINTER(SEG. NO.) RAL (aoe)

ars: f SYSTEM STACK POINTER (OFFSET) Ris
RIS L. NORMAL STACK POINTER (OFFSET} 7

Figure 2-5a. Z8001 General-Purpose Registers Figure 2-5b. Z8002 General-Purpose Registers

(Register Address Space) (Registers Address Space)
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2.6 General-

Purpose
Registers

(Continued)

normal. The segmented Z8001 uses a two-word

stack pointer for each mode (R14’/R15' or

R14/R15), whereas the nonsegmented Z8002

uses only one word for each mode (R15'

or R15).
The system stack pointer is used for savin a

status information when an interrupt or tra © e,
we

occurs and for supporting calls in system Ne

mode. The normalstack pointer is used for
subroutine calls in user programs. In normal-

mode operation only the normal stack pointer

is accessible. In system-mode operation, the ;

system stack pointer is directly accessible as ( )
ne of the general-purpose registers. Freauser \

stack pointer can be accessed as a special con-
trol register.
 

2.7 Special-
Purpose
Registers

In addition to the general-purpose registers,

there are special-purpose registers. These

include the Program Status registers, the Pro-
gram Status Area Pointer, and the Refresh

Counter; they are illustrated for both CPU ver-

sions in Figure 2.6. Each register can be

manipulated in software executing in system

mode, and some are modified automatically by

certain operations.

2.7.1 Program Status Registers. These
registers include the Flag and Control Word

(FCW)and the Program Counter (PC). They

are used to keep track of the state of an exe-

cuting program.

In the nonsegmented Z8002, the Program

Status registers consist of two words: one each

for the FCW and the PC.In the segmented

28001, there are four words: one reserved

word, one word for the FCW and two wordsfor

the segmented PC.

The low-order byte of the Flag and Control

Word (FCW)containsthe six status flags, from

which the condition codes used for control of

program looping and branching are derived.
The six flags are:

Carry (C), which generally indicates a carry
out of the high-orderbit position of a register

being used as an accumulator.

Zero (Z), which is generally used to indicate

that the result of an operation is zero.

Sign (S), which is generally used to indicate

that the result of an operation is a negative

number.

5 °

/ © o @ @ © Go 8 8 0 ff BD oO & 8 o, 9 | RESERVED
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28001 Refresh Counter

Parity/Overflow (P/V), which is generally used

to indicate either parity (after logical opera-

tions on byte operands) or overflow (after
arithmetic operation).

Decimal-Adjust (D), which is used in BCD

arithmetic to indicate the type of instruction

that was executed (addition or subtraction).

Half Carry (H), which is used to convert the

binary result of a previous decimal addition or

subtraction into the correct decimal (BCD)

result.

Section 6.3 provides more detail on these

flags.

The control bits, which occupy the high-

order byte of the FCW,are used to enable

various interrupts or to control CPU operating

modes. The control bits are:

Non-Vectored Interrupt Enable (NVIE), Vec-
tored Interrupt Enable (VIE). These bits deter-

mine whether or not the CPU will accept non-

vectored or vectored interrupts (see Section

2.13).

System/Normal Mode(S/N). Whenthisbitis

set to one, the CPU is operating in system

mode; when cleared to zero, the CPU is in

normal mode (see Section 2.8). The CPU out-

put status line (N/S pin) is the complementof

this bit.

Extended Processor Architecture (EPA)

Mode. Whenthis bit is set to one, it indicates

that the system contains Extended Processing

Units, and hence extended instructions
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2.7 Special
Purpose

Registers

(Continued)

encountered in the CPU instruction stream are

executed (see Section 2.12). When this bit is

cleared to zero, extended instructions are

trapped for software emulation.

Segmentation Mode (SEG). This bit is imple-
mented only in the Z8001; it is always cleared

in the nonsegmented Z8002. Whenset to one,

the CPU is operating in segmented mode, and

when cleared to zero, the CPU is operating in
nonsegmented mode(see Section 2.8).

2.7.2 Program Status Area Pointer
(PSAP). The Program Status Area Pointer
points to an array of progam status values

(FCW and PC) in main memorycalled the Pro-

gram Status Area. # New Program Status reg-

ister valuesfetched from this area when an

interrupt or trap occurs. As shown in Figure
2.6, the PSAP comprises either one word (non-

segmented Z8002) or two words (segmented

Z8001); for either configuration, the lower byte

of the pointer must be zero. Refer to Chapter 7

for more details about the Program Status Area
and its layout.

2.7.3 Refresh Counter. The CPU contains a

programmable counter that can be used to
refresh dynamic memory automatically. The

refresh counter register consists of a 9-bit row

counter, a 6-bit rate counter and an enable bit

(Figure 2.6). Refer to Chapter 8 for details of

the refresh mechanism.

 

2.8 Instruction

Execution
In the normal course of events, the Z8000

CPU will spend mostof its time fetching

instructions from memory and executing them.

This process is called the running state of the

CPU. The CPUalso has two other states thatit
occasionally enters.

Stop/Refresh State. This is really one state,

although it may be entered in two different

ways: either automatically for a periodic

memory refresh; or when the STOPlineis acti-

vated. In this state, program execution is

temporarily suspended and the CPU makes use

of the Refresh Counter to generate refreshes.

For more information, consult Chapter8.

Bus-Disconnect State. This is the state the
CPU enters when the DMA, or some other bus

requester, takes over the bus. Program execu-

tion is suspended and the CPU disconnects
itself from the bus. See Chapter 7 for more

information.

While the CPU is in the runningstate, it can

either be handling interrupts or executing

instructions. If it is executing instructions, the

Z8000 can be in the system or normal execu-

tion mode. In system mode, privileged instruc-

tions (such as those which perform I/O) can be

executed; in normal mode they cannot. This

dichotomy allows the creation of operatifix®

system software, which controls CPU resources

and is protected from application program

action.

In addition, the CPU will be in either seg-

mented or nonsegmented mode. In segmented
mode, which is available only on the Z8001,

the program uses 23-bit segmented addresses

for memory accesses; in nonsegmented mode,

which is available on both CPUs, the program

uses 16-bit nonsegmented addresses for mem-

ory accesses.

While executing instructions, the mode of

the CPU is controlled by bits in the FCW (Sec-
tion 2.8). While handling interrupts, the CPU

is always in system mode and, for the Z8001, in

segmented mode.

 

2.9 Instructions The Z8000 instruction set contains over 400

different instructions which are formed by
combining the 110 distinct instruction types

(opcodes) with the various data types and

addressing modes. The completeset is divided

into the following groups:

Load and Exchange for register-to-register

and register-to-memory operations, including

stack management.

Arithmetic for arithmetic operations, including

multiply and divide, on data in either registers

or memory. Compare, increment, and decre-

ment functions are included.

Logical for Boolean operations on data in
registers or memory.

Program Control for program branching (con-

ditional or unconditional), calls, and returns.

Bit Manipulation for setting, resetting and

testing individual bits of bytes or words in

registers or memory.

Rotate and Shift for bytes, words, or for shifts

only, long words, within registers.

Block Transfer and String Manipulation for

automatic memory-to-memorytransfers of data

blocks or strings, including compare and

translate functions.

Input/Output for transfers of data between I/O
ports and memoryorregisters.

Extended for operations involving Extended

Processing Units.

CPU Control for accessing special registers,

controlling the CPU operating state, synchro-

nizing multiple-processor operation, enabling/
disabling interrupts, mode selection, and

memory refresh. .

Chapter 6 contains details on the full instruc-

tion set.
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2.9.1 Instruction Formats. Formats of the
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.9 A. COMPACT INSTRUCTION FORMAT

Instructions instructions are shown in Figure 2.7. The two a at
(Continued) most significant bits in the instruction word woe [Lae | = J

: . . CALL RELATIVE
determine whether the compact instruction for- can[rrolome TT]

mat (A) or the general instruction format (B) is JUMP RELATIVE cr

used. Compact formats encode the four most wo Pao] ee one TY \  y
frequently used instructions into single words, DECREMENT AND JUMP ON NON-ZERO

thereby saving on instruction-memory usage oanz[aia't a] ot | [wl | “otter "|

and increasing execution speed. As long as

the two most significant bits are not logic ones,
. B. GENERAL INSTRUCTION FORMAT(FIRST WORD)

the general format applies. In the general for- addressing

mat, the two most significant bits in conjunc- mod?
tion with the source-register field are sufficient word [7 |" opcode” |w] “source | destination|
for specifying any of the five main addressing adavessing
modes. Source and destination fields are four worDork . Peo —

bits wide for addressing the 16 general- towawors |_7 | _epende | seurce_| sostnaton |
purpose registers . Note: W indicates Word (1) or Byte (0)

Figure 2-7. Instruction Formats

2.10 Data The Z8000 supports manipulation of eight m Unsigned byte decimal integer

Types data types. Five of these have fixed lengths; ® Dynamic-length string of byte data

the other three have lengths that can vary

dynamically. Each data type is supported by a @ Dynamic-length string of word data
numberof instructions which operate upon it g Dynamic-length stack of word data

directly. These data types are: Bits can be manipulated in registers or

m Bit memory. Binary and decimal integers and

w Signed and unsigned byte, word, long logical values can be manipulated in registers
word, or quadruple word binary integer only, although operands can be fetched direct-

| ly from memory. Addresses are manipulated
m Byte- or word-length logical value and-useec-_only in registers, and strings and
@ Word (nonsegmented) or long word stacks A&{Ebe manipulated only in memory.

(segmented) address {

2.11 The information included in Z8000 instruc- in the location whose address is the sum of the

Addressing tions consists of the function to be performed, contents of an index value in a register and an
Modes the type and size of data elements to be address in the instruction,

manipulated, and the location of the data

elements. Locations are designated using one

of the following eight addressing modes:

Register Mode. The data element is located in

one of the 16 general-purpose registers.

Immediate Mode. The data element is located

in the instruction.

Indirect Register Mode. The data element can

be found in the location whose addressis in a

register.

Direct Address Mode. The data element can

be found in the location whose address is in

the instruction.

Index Mode. The data element can be found

Relative Address Mode. The data element can

be found in the location whose addressis the

sum of the contents of the program counter
and a displacementin the instruction.

Base Address Mode. The data element can be

found in the location whose address is the sum

of a base address in a register and a displace-

ment in the instruction.

Base Index Mode. The data element can be
found in the location whose address is the sum

ot a base address in one register and an index

value in anotherregister.

Chapter 5 defines andillustrates the eight
addressing modes.

 

2.12 Extended

Processing
Architecture

An important feature of the Z8000 CPU

architecture is the Extended Processing
Architecture (EPA) facility. This facility pro-

vides a mechanism by which the basic instruc-
tion set of the CPU can be extended via exter-

nal devices, called Extended Processing Units

(EPUs). A special set of instructions, called
extended instructions, is used to control this

feature. When the CPU encountersone of

these extendedinstructions in its instruction

stream, it will either trap to a software trap

handler to process the instruction orit will

perform the data transfer portion of the
instruction (leaving the data manipulation part

of the instruction to the EPU). Whether the (
CPUtraps or transfers data depends on the ,

setting of the EPA bit in the FCW.
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2.12 Extended
Processing

Architecture

(Continued)

The underlying philosophy behind the EPA
feature is a view of the CPU as an instruction

processor—the CPU fetches instructions,

fetches data associated with the instruction,

performs the operations and stores the result.

Extending the numberof operations performed
does not affect the instruction fetch and

address calculation portion of the CPU activi-
ty. The extendedinstructions exploit this

feature—the CPU fetches the instruction and
performs any address calculation that may be

needed. It also generates the timing signals for

the memory access if data must be transferred

between memory and the processor.

But the actual data manipulation is handled by
the EPU. The Extended Processing Architec-
ture is explained more fully in Chapter 4.

 

2.13

Exceptions
Three events can alter the normal execu-

tion of a Z8000 program: hardwareinterrupts

that occur when a peripheral device needs ser-

vice, synchronoussoftware traps that occur

when an error condition arises, and system

reset. Chapter 7 contains a detailed descrip-

tion of exceptions and how they are handled.

2.13.1 Reset. a system reset overridesall other

operating conditions. It puts the CPU ina

known state and then causes a new program

status to be fetched from a reserved area of

memory to reinitialize the Flag and Control

Word (FCW)and the Program Counter (PC).

2.13.2 Traps. Traps are synchronous events

that are usually triggered by specific instruc-

tions and recur each time the instruction is

executed with the sameset of data and the

same processor state. The four kinds of traps

are:

Extended instruction attempted in non-EPA

mode. The current instruction is an EPU
instruction, but the system is not in EPA mode.

This trap allows system software to either

simulate instruction or abort the program.

Privileged instruction attempted in normal

mode. The current instruction is privileged

(I/O for example), but the CPU is in normal

mode.

System Call (SC) instruction. This instruction

provides a controlled access from normal-mode

to system-mode operation.

Segmentation violation (supplied by external

circuit). A segmentation violation, such as
using an offset larger than the defined length

of the segment, can be made to cause an
external memory managementsystem to signal

a segmentation trap. This can occur only with

the segmented Z8001.

INTERRUPT REQNESTS AND SEGNENTATIO#

TRap REQUESTS ARE ACCEPTED AFTER THE

ComPLETion of THE

2.13.3 Interrupts. Interrupts are asynchronous

events typically triggered by peripheral

devices needing attention. The three kinds of

interrupts associated with the three interrupt

lines of the CPU are:

Non-maskable interrupts (NMI). These inter-

rupts cannot be disabled and are usually

reserved for critical external events that

require immediate attention.

Vectored interrupts (VI). These interrupts

cause eight bits of the vector output by the

interrupting device to be used to select a par-

ticular interrupt service procedure to which

the program automatically branches.

Non-vectored interrupts (NVI). These inter-

rupts are maskable interrupts which areall

handled by the same interrupt procedure.

2.13.4 Trap and Interrupt Service Pro-
cedures. Interrupts and traps are handled

similarly by the Z8000 CPU. The Z8000 CPU

automatically acknowledges interrupt and pro-

cesses traps in system mode. In the case of the

segmented Z8001, the CPU uses the segmented

mode regardless of its mode at the time of

interrupt or trap. The program status informa-
tion in effect just prior to the interrupt or trap

is pushed onto the system stack. An additional

word, which serves as an identifier for the

interrupt or trap, also is pushed onto the

system stack, where it can be accessed by the

interrupt or trap handler. The Program Status

registers are loaded with new status informa-

tion obtained from the Program Status Area of

memory. Then control is transferred to the ser-

vice procedure, whose address is now located

in the Program Counter. For details of inter-

rupt and trap handling, refer to Chapter 7.

INSTRucTIon Ex€.cuTion
Dung whey THEY WERE AADE, AT THE EwD oF

THE IWStRuctiow Ex€C ution, A SPugious INSTRUCTION

FETCH TRALS ReTion 15 USUALLY PERFORMED BEFORE
THE ISTERRUPT of ACK Wow LEGE SEQUENCE BE OIPS,

BRUT THE ProGRam cousTER 1S NoT AFFECTED BY
THE SPURIOUS FETCH,
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Chapter3
Address Spaces

3.1 Intro-

duction

Programs and data may be located in the
main memory of the computer system orin

peripheral devices. In either case, the location

of the information must be specified by an

address of some sort before that information

can be accessed. A set of these addressesis
called an address space.

The Z8000 supports two different types of
addresses and thus two categories of address
spaces:

w Memory addresses, which specify locations
in main memory.

m //O addresses, which specify the ports
through which peripheral devices are

accessed.

The CPU generates addresses during four
types of operations:

a Instruction fetches, described in Chapter 4.

m Operand fetches and stores, described in

Chapter5.

g Exception processing, described in

Chapter 7.

@ fefreshes, described in Chapter 8.

Timing information concerning addressesis

described in Chapter 9.

 

3.2 Types of Within the two general types of address mg Data Spaces (status = 1000 or 1010), nor-

 

 

 

      
 

 

Address spaces (memoryandI/O),it is possible to dis- malmode (N/S = 1) or system mode

Spaces tinguish several subcategories. Figure 3.1 (N/S = 0). These spaces may be used to

shows the address spacesthat are available on address the data that user or system pro-
both the Z8001 and the Z8002. grams operate on.

The difference between the Z8001 and the m Stack Spaces (status = 1001 or 1011), nor-
Z8002 lies not in the number and type of . mal mode (N/S = 1) or system mode

address spaces, but rather in the organization (N/S = 0). These spaces can be used to

and maximumsize of each space. For the address the system and normal program

Z8001, each of the six memory address spaces stacks.

contains 8M byte addresses groupedinto 128

segments, for a total memory addressing capa- @ Standard I/O Space(status = 0010). This
bility of 48M bytes. For the Z8002, each mem- space addressesall the I/O ports that are

ory space is a homogeneouscollection of 64K used for 28000 peripherals.
byte addresses. In both the Z8001 and the @ Special I/O Space (status = 0011). This

28002, the I/O address spaces contain 64K port space addresses ports in CPU support chips

addresses. When an address is used to access (such as the Z8010 Memory Management

data, the address spaces may be distinguished Unit).

by the state of the status lines (STg-ST3) (which

is determined by the way the address was
generated) and by the value of the Normal/ MEMORY ADDRESS SPACES WO ADDRESS SPACES

System line (N/S) (which is determined by the SYSTEM MODE NORMAL MODE SYSTER mode

state of the S/N bit in the FCW). STANDARD WO
INSTRUCTIONS INSTRUCTIONS

m /nstruction Space(status = 1100 or 1101), DATA DATA speci. vo

normal mode (N/S = 1) or system mode STACK STACK
(N/S = Q). These spaces typically address
memory that contains user programs

(normal).or system programs (system). Figure 3-1. Address Spaces on the 28001 and 28002

3.3 1/O All I/O addresses are represented by 16-bit The address of a 16-bit port may be even or

‘Address words. Each of the ports addressed is either odd for both address spaces. In standard I/O
Spaces eight or 16 bits wide. Transfer to or from 16-bit space, byte ports must have an odd address; in

ports always involves word data and, for 8-bit special I/O space, byte ports must have an

ports, byte data. even address.
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3.4 Memory
Address

Spaces

ev
Sepp?

1» nh ©

ore, P0

WRTguet rongut
otes

‘mg Bits, in either bytes or words.

Each memory address space in the Z8002, or
each segment in each memory address space

on the Z8001, can be viewed as addressing a
string of 64K bytes numbered consecutively in

ascending order. The 8-bit byte is the basic

addressable element in Z8000 memory address

spaces. However, there are three other

addressable data elements:

mg 16-bit words.

m@ 32-bit long words.

3.4.1 Addressable Data Elements. The nature

of the data element being addressed depends

on the instruction being executed. As Chapter

6 explains in detail, different assembler

mnemonics are used for addressing bytes,

words, and long words. Moreover, only certain

instructions can addressbits.
A bit can be addressed by specifying a byte

or word address and the numberof the bit

within the byte (0-7) or word (0-15). Bits are

numbered right-to-left, from the least to the

15 14 13 12 #11 :°«10 9

[LITIIIIIIIILIILI
Address n

Address n (even)

j UPPER BYTE |
1 i 1 4. al. i i di L

Address n

| UPPER WORD/UPPER BYTE I
aes L 1 1. 1 aT 4 L 4

Address n + 2

Drachman

Address n + 3

| LOWER WORD/LOWER BYTE |
L L 1 L L 1 1

most significant. This is consistent with the
convention that bit n corresponds to position

2n in the conventional representation of -

positive binary numbers (see Figure 3.2).

The address of a data type longer than one

byte (word or long word) is the same as the (J
address of the byte with the lowest memory ,

_.address withinthe wordor long word (Figure
7.2). This is the leftmost, highest-order, or

most significant byte of the word or long word.

Word or long word addresses are always
even-numbered. Low bytes of words are stored

at odd-numbered memorylocations and high
bytes at even-numberedlocations. Byte

addresses can be either even- or odd-
numbered.

Certain memory locations are reserved for
system-reset handling. These are described

fully in Chapter 7. Except for these reserved
locations, there are no memory addresses

specifically designated for a particular
purpose.

BITS IN A BYTE

0

BITS IN A WORD

BYTE

Address n + 1

LOWER BYTE
i i _I WORD

jo WORD

Lt.

Address n + 1

i Dela _|

Figure 3-2. Addressable Data Elements

 

3.4.2 Segmented and Non-Segmented
Addresses. The two versions of the Z8000 CPU

generate two kinds of addresses with different

lengths. The Z8002 generates a 16-bit address

specifying one of 64K bytes. The Z8001 gener-

ates a 23-bit segmented address. A segmented

address consists of a 7-bit segment number,

which specifies one of 128 segments, and a
16-bit offset, which specifies one of up to 64K

bytes in the segment . Each segmentis an

yo independentcollection of bytes; thus, instruc-

tions and multiple byte data elements cannot
cross segment boundaries. Some of the advan-

tages of address segmentation are outlined in

* Section 3.4.3.

Figure 3.3 shows the format of segmented

and nonsegmented addresses. Nonsegmented

addresses are 16 bits long and thus can be

stored in word registers (Rn) or in memory as

word-length addressable elements. The 23-bit

segmented addresses are embedded in a 32-bit
long word and thus can be stored in a long

word register (RRn) or a long word memory

element.

It is important to realize that even though

the Z8001 can operate in nonsegmented mode

(Chapter 4), it always generates segmented
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Figure 3-3. Segmented and Non-Segmented
Address Formats
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3.4 Memory 3.4.3 Segmentation and Memory Manage- @ Support for multiple, independently execut-

 

 

 

   
 

 

 

  
      

 
 

      
 

   

 

Address ment. Addresses manipulated by the pro- ing programs that can share access to com-

Spaces grammer, used by instructions, and output by mon code and data.

(Continued) the Z8001 are called “logical addresses. An @ Protection from unauthorized or uninten-

external memory-management circuit can tional access to data or programs.

translate logical addresses into physical . t obvi ;

(actual) memory addresses and perform certain | Detection of o viously incorrect use of
checks to insure data and programs are prop- memory by an executing program.
erly accessed. @ Separation of users from system functions.

ae mh womory management Sait(MMO) Segmentation in the Z8001 helps support
periorms this tuncuon ior the segmente memory managementin two ways:
addresses produced by the Z800] CPU. A Y 9 Y
single MMU keeps a descriptor for each of 64 @ By allowing part of an address (the segment
segments. This descriptor tells where in number) to be output by the CPU early ina

physical memory the segmentlies, how long memory cycle. This keeps access to the seg-

the segment is, and what kind of accesses can ment descriptor in the MMU from addingto
be made to the segment. The MMU uses these the basic access time of the memory.
descriptors to translate logical segment m By providing a standard, variable-sized unit
numbers and offsets into 24-bit physical of memoryfor the protection, sharing, and

addresses (as shown in Figure 3.4). At the movementof data.

same time, the ve checks for such errors as In addition, segmentation is the natural

writing intoa read-only seamen’ or a system model for the support of modular programs

segment vee accessed y a ponsysm Pe and data in a multi-programming environment.

thatnr M he aredesigned to "boat ine “ It efficiently supports re-entrant programs by

that more than segments can be supporte providing data relocation for different tasks
af nce. f the benefits of th using common code.

*fe ot the eneMeat t , MMU~ manage- More information about the MMU and
ment features provided by the are: memory management can be found in An
m Provision for flexible and efficient allocation Introduction to the Z8010 MMUMemory

of physical memory resources during the Management Unit and in the Z8010 MMU

execution of programs. Technical Manual.

LOGICAL

(virtual)

ADDRESSING PHYSICAL

SEGMENT 0 ro MEMORY
a t

I I a
I l 3°
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Segments of physical
memory can be loaded
from peripheral devices
through the CPU or DMA.

Figure 3-4. Segmented Address Translation
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4.1 Intro-

duction
This chapter gives a fundamental description

of the operating states of the Z8000 CPU and
the process of instruction execution. The

details of instruction execution are described

in Chapters 5 and 6. Other detailed aspects of

Chapter2
CPU Operation
a= —

Z8000 operation are given in Chapter 7
(Exceptions) and Chapter 8 (Refresh). Chapter

9 describes CPU operations as they are mani-

fest on the external pins of the CPU.

 

4.2 Operating
States

The Z8000 CPU has three operatingstates:

Running state, Stop/Refresh state, and Bus-

Disconnect state. Running state is the usual

state of the processor: the CPU is executing

instructions or handling exceptions. Stop/

Refresh state is entered when the STOPline is
asserted or the refresh counter indicates that a

periodic refresh should be done.In this state,

memoryrefresh transactions are generated

continually (see Chapter 8). Bus-Disconnect

state is entered when the CPU acknowledges a

bus request and gives up control of the system

bus. Figure 4.1 shows the three states and the
conditions that cause state transitions.

4.2.1 Running State. While the CPU is in
Runningstate, it is either executing instruc-

tions (as described in Section 4.3) or handling

exceptions (as described in Chapter 7). The

CPU is normally in Running state, but will

leave this state in response to one of three con-

ditions:

m@ The refresh mechanism indicates that a
periodic refresh needs to be done, in which

case the CPU temporarily enters Stop/

Refreshstate.

STOP RELEASED, OR
PERIODIC REFRESH
COMPLETED

    

   

   
   

     

   

BUSREO RELEASED,

STOP INACTIVE STOP ASSERTED, OR
PERIODIC REFRESH
REQUESTED

STOP/REFRESH
STATE

BUSREQ RELEASED,

STOP ACTIVE

BUSREQ ASSERTED,
AND ACKNOWLEDGED ON

BUSACK
 

Figure 4-1, Operating States and Transistions

mw An external stop request pushes the CPU
into Stoppedstate.

m An external bus request pushes the CPU

into Bus-Disconnectstate.

4.2.2 Stop/Refresh State. While the CPU is in
Stop/Refresh state, it generates a continuous

stream of refresh cycles (as discussed in Chap-

ter 8) and does not perform any other func-

tions. This state provides for the generation of

memory refreshes by the CPU and allows
external devices to suspend CPU operation.

This feature can be used to force single-step
operation of the processor or to synchronize

the CPU with an Extended Processing Unit (as

described in Section 4.4).
The CPU enters Stop/Refresh state when the

refresh mechanism needsto do a refresh or

whenthe stop line is activated. It leaves Stop/

Refresh state when neither of these conditions

hold or when a bus request causes the CPU to

enter Bus-Disconnectstate.

4.2.3 Bus-Disconnect State. While the CPU is

in Bus-Disconnectstate, it does nothing. It

enters Bus-Disconnect state from either Run-

ning state or Stop/Reiresh state when a bus

request has been received on BUSREQ and

acknowledged on BUSACKas (described in

Chapter 9). While in this state, it disconnects

itself from the bus by 3-stating its output. It

will leave Bus-Disconnect state when the exter-

nal bus request has been received. Note that

Bus-Disconnect state is highest in priority in

that the presence of a bus request will force

the CPUinto this state, regardless of any con-

ditions indicating that a different state should

be entered.

4.2.4 Effect of Reset. Activation of the CPU's

RESET line puts the CPU in a nonoperational

state within five clock cycles, regardless of its

previousstate or the states of its other inputs.

The CPU will remain in this state until RESET

is deactivated. When this occurs, the

processor enters one of the three operating

states described above, depending on the state

of BUSREO and STOPinputs. Reset is more
fully described in Chapters 7 and 9.
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4.3 Instruction

Execution

While the CPU is in Running state and exe-
cuting instructions, it is controlled by the Pro-

gram Status registers (Figure 4.2). The Pro-

gram Counter gives the address from which
instructions are fetched, the flags control
branching (as described in Chapter 6), and

the control bits determine the mode in which
the CPU updates (see Section 4.3) and the

interrupts that are masked (see Chapter7).
Instruction execution consists of the repeated

application of two steps:

g@ Fetch one or more words comprising a

single instruction from the program memory

address space at the address specified by

the Program Counter (PC).

mw Perform the operation specified by the

instruction and update the Program Counter

and flags in the Program Status registers.

The operation performed by an instruction

and the way the flags are updated depends on

the particular instruction being executed and
is described in Chapter 6. For most instruc-

tions, the PC value is updated to point to the
word immediately following the last word of the

instruction. The effect of this is that instruc-

tions are fetched sequentially from memory.

Exceptions to this are Branch, Call, and

Return instructions, which cause the PC to be

set to a value generated bythe instruction.

This causes a transfer of control with execution

continuing at the new address in PC. The

exact operation of these instructions is

described in Chapter6.

The Z8000 CPUis able to overlap the fetch-

ing of one instruction with the operation of the

previous instruction. This facility, called

Instruction Look-Ahead,is illustrated in Figure

4.3. This shows the execution of a series of
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Figure 4-2. General-Purpose Registers

memory-to-register instructions, such as a

value in memory being added to the value in a
general-purpose register. Part of each instruc-

tion is fetched while the previous instruction
execution is being completed. This mechanism os

provides faster execution speed than the

typical alternative of fetching each instruction
only after the prior instruction has completed

execution.

After executing an instruction and in some

cases (explained in Chapters 6 and 7) during
an instruction’s execution, the CPU checks to

see if there are any traps or interrupts pending

and not masked. If so, it temporarily suspends

instruction execution and begins a standard

exception-handling sequence. This sequence,

which is described fully in Chapter 7, causes

the value of the Program Status registers to be

saved and a new value loaded. Instruction exe-

cution then continues with a new PC value and

Flag and Control Word value. The effect is to

switch the execution of the CPU from one pro-
gram to another.

4.3.1 Running-State Modes. While the CPUis
executing instructions, its mode will be con-

trolled by two control bits in the FCW: the

systém/normal modebit (S/N) and the segmen-

tation mode bit (SEG).

4.3.2 Segmented and Nonsegmented
Modes. The segmentation mode of the CPU

(segmented or nonsegmented) determines the

size and format of addresses that are directly

manipulated by programs. In segmented mode

(SEG = 1), programs manipulate 23-bit seg-
mented addresses; in nonsegmented mode

(SEG = 0), programs generate 16-bit nonseg-

mented addresses. There are also the following

differences in the address portion of instruc-

tions, which are executed due to the difference

in address size:

@ Indirect and Base Registers are 32-bit

registers in segmented mode and 16-bit

registers in nonsegmented mode.

m Address-embeddedinstructions are always

16-bits in nonsegmented mode. They consist

of a 7-bit segment numberandeither an
8-bit or 16-bit offset in segmented mode.

Segmented mode is available only on the

Z8001 CPU; on the Z8002, the segmentbit is
always forced to zero, indicating nonseg-

mented mode. Because the Z8001 supports

segmented and nonsegmented modes,it is

possible to run programswritten for the Z8002

on the Z8001 without alteration. The reverse is

not possible. The Z8001 CPU always generates

segmented addresses, even when operating in
nonsegmented mode. When a memory access
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4.3 Instruction is made in nonsegmented mode,the offset of system Stack Pointer, unless the Z8001 is run-

 

 

 

 

 

 

 

  
  

 

Execution the segmented addressis the 16-bit address ning in nonsegmented system mode, in which
(Continued) generated by the program, and the segment case a reference to R14 will access the normal

numberis the value of the segment number mode R14. This is summarized in Table 4.1.

. field of the Program Counter. In normal mode, the system Stack Pointeris
4.3.3 Normal and System Modes. The opera- not accessible; in system mode the normal

tion mode of the CPU (system mode or normal Stack Pointer is accessed by using a special
mode) determines which instructions can be Load Control instruction (described in
executed and which Stack Pointer register Chapter6).
is used. The CPU switches modes wheneverthe Pro-

In system mode (S/N = 1), all instructions gram Status Control bits change. This can
can be executed. While in normal mode, cer- happen whena privileged load control instruc-

tain privileged instructions thatalter sensitive tion is executed or when an exception (inter-
parts of the machine state (such as I/O opera- rupt, trap, or reset) occurs. There is a special
tions or changesto control registers) cannot be imstruction (system call) whose sole purposeis
executed. to generate a trap and thus provide a con-

The second distinction between system and trolled transition for normal to system mode.

normal mode is access to the system or normal The distinction between normal/system mode

Stack Pointer. As shown in Figure 4.2, there allows the construction of a protected operat-

are two copies of the Stack Pointer registers ing system. This is a program that runs in
(Register 15 in the Z8002 and Registers 14 and system mode and controls the system s

15 in the Z8001): one for normal mode and one T’Surces, managing the execution of one or
for system mode. When in normal mode, a more application programs which run in nor-

reference to the Stack Pointer register by an mal mode. Normal and system modes, along
instruction will access the normal Stack with Memory Protection, provide the basis for

Pointer. When in system mode, an access to protecting the operating system from malfunc-

the Stack Pointer register will reference the tions of application programs.

Register System Mode Normal Mode
Referenced by

Instruction Segmented Nonsegmented Segmented Nonsegmented

R14 System Ri4 Normal R14 Normal R14 Normal R14

R15 System R15 System R15 Normal R15 Normal R15

RR14 System R14  ~=Normal R14 Normal R14. Normal R14
System R15 System R15 Normal R15. Normal R15

Note: Z8002 always runs in nonsegmented mode.

Table 4.1 Registers Accessed by References to R14 and R15.

| INSTRUCTION AND DATA FETCH EXECUTION |

INSTRUCTION AND DATA FETCH EXECUTION|

INSTRUCTION AND DATA FETCH | EXECUTION |

Figure 4-3. Instruction Look Ahead
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4.4 Extended
Instructions

The Z8000 CPU supports six extended
instructions, which can be executed
cooperatively by the CPU and an external

Extended Processing Unit. The execution of

these instructions is controlled by the EPA

control bit in the FCW.
Whenthe EPA bit is zero, it indicates that

there is no Extended Processing Unit con-
nected to the CPU and causes the CPU to trap
(as explained in Chapter 7) when it encounters

an extended instruction. This allows the opera-

tion of the extended instruction to be simulated

by software running on the CPU.

If the EPA bit is set, it indicates that an
Extended Processing Unit is connected to the

CPUin order to process the operation encoded
in the extended instruction. The CPU will fetch

the extended instruction and perform any

address calculation required by that instruc-

tion. If the instruction specifies the transfer of

data, the CPU will generate the timing signals
for this transfer. The CPU will fetch and begin

executing the next instruction in its instruction

stream. The Extended Processing Unit is a
expected to monitor the CPU's activity, partici-\
pate in extended instruction data transfers
initiated by the CPU, and execute the
extended instruction. While the Extended Pro-

cessing Unit is executing the instruction, the

CPU can be fetching and executing further

instructions. If the CPU fetches another
extended instruction before the Extended Pro-

cessing Unit is finished executing a previous
instruction, the STOP line may be used to

delay the CPU until the previous instruction is
complete. This process is described morefully

in Chapters 6 and 9.
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Chapter 5
Addressing Modes
a
5.1 Intro-

duction
(opcode). These operands mayreside in CPU

registers or memory locations. The modes by
which references are made to operands are

called “addressing modes.” Figure 5.1 illus-

trates these modes. Notall instructions can use

all addressing modes; some instructions can

use only a few, and some instructions use none

at all. In Figure 5.1, the term “operand” refers

to the data to be operated upon.

This chapter describes the eight addressing
modes used by instructions to access data in

memory or CPU registers. Separate sets of
examples for the nonsegmented and segmented

modes of operation are given at the end of the
chapter.

Aninstruction is a consecutive list of one or

more words aligned at even-numbered byte

addresses in memory. Most instructions have

operandsin addition to an operation code
 

 

 

 

 

 

 
 

 

 

 

   

 

 

 

 

   

 

 

 

Addressing Mode Operand Addressing Operand Value

In the Instruction In a Register In Memory

R

. Thecontent of theRegister Thecon

IM

Immediate In the instruction

“IR
Indirect The content of the location

apoREsS [orerano whose address is in the
Register register

DA
The content of the location

Direct | A }— { OPERAND whose addressis in the

Address instruction

*x The content of the loca-
REGISTER AODRESS INDEX tion whose address is the

Index BASE ADDRESS ; OPERAND address in the instruction
plus the content of the
workingregister.

RA The content of the location
whose address is the

Relative : content of the program
Address G) counter, offset by the

displacementin the
instruction

*
BA The contentof the location

Base REGISTER ADDRESS BASE ADDRESS whose addressis the

DISPLACEMENT + OPERAND address in the register,
Address offset by the displacement

in the instruction

*
Bx The content of the loca-

Base REGISTER ADDRESS BASE ADDRESS tion whose address is

Index REGISTER ADORESS |}—> INDEX + the address in a register     plus the index value in
anotherregister.

 

“Do not use RO or RRO for these operands.

Figure 5-1. Addressing Modes
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5.2 Use of The 16 general-purpose CPU registers can,

CPU Registers with the exceptions noted below, be used in

any of the following ways:

of

a

As accumulators, where the data to be

manipulated resides within the register.

As pointers, where the valuein theregister
is the memory address of the operand,
rather than the operanditself. In string and

stack instructions, the pointers may be auto-

matically stepped either forward or back-
ward through memorylocations.

As index or base registers, where the con-

tents of the register and the word(s) follow-
ing the instruction are combined to produce

the address of the operand. This allowseffi-

cient access to a variety of data structures.

There are two exceptions to the above uses

general-purposeregisters:

Register RO (or the double register RRO in

segmented mode) cannot be used as an

indirect register, base register, index

register, or software stack pointer.

Register R15’ (or the double register RR14'
in the Z8001) is used in acknowledging

interrupts and therefore can never be used
as an accumulator in system-mode

operation. The system-mederegisters, R14’

and R15’, are automatically accessed when

R14, R15, or RR14 are referenced by

instructions executed in system mode.

In addition to the general-purpose useof

Z8000 registers, the following registers are

used for special purposes:

Register R15 (or the double register RR14 in

the Z8001) is used as a stack pointer for
subroutine calls and returns.

The byte register RH] is used in the

translate instructions (TRDB, TRDRB, TRIB,

TRIRB) and the translate and test instruc-

tions (TRTDB, TRTDRB, TRTIB, TRTIRB).

Register RO is used in extended instructions.

In Relative Address (RA) mode, the Program

Counter (PC) is used instead of a general-

purpose CPUregister to supply the base

address for an effective address calculation.

The Program Counter normally is used only to
keep track of the next instruction to be exe-

cuted; whenever an instruction is fetched from

memory, the PC is incremented to point to the
nextinstruction. For addressing purposes,

however, the updated PC serves as a base for

referencing an operandrelative to the location

of an instruction. Operands specified by rela-
tive addressing reside in the program address
space if the memory system distinguishes

between program anddata or stack address
spaces.
Two of the addressing modes, Direct

Address and Index, involve an I/O or memory
address as part of the instruction. I/O

addresses are always 16 bits long, as are non-
segmented memory addresses (Z8002), so these

addresses occupy one word in the instruction.

Segmented addresses generated by the Z8001

are 23 bits long. Within an instruction, a seg-

mented address may occupyeither two words

(16-bit long offset) or one word (8-bit short

offset).

As Figure 5.2 illustrates, bit 7 of the seg-

ment numberbyte distinguishes the two for-

mats. Whenthis bit is set, the long-offset

representation is implied. When the bit is

cleared, the short-offset address representation

is implied. For a short-offset address, the

23-bit segmented address is reducedto 16 bits

by omitting the eight most significant bits of

the offset, which are assumed to be zero.

8 8

serene
15 Q

  
 

| long offset |
1 1. 1 1 1 L i i L L i 1 1. i 1

15 8 7 Q

| 0 | segment number short offset |
lL 4 1 1 dened. 1L A, 1 1 wwe 1

 

NOTE: Shaded area is reserved.

Figure 5-2. Segmented Memory Address

Within Instruction.

 

5.3 Addressing The following pages contain descriptions of
the addressing modes of the Z8000. Each

description:

Mode

Descriptions

Explains how the operand addressis

calculated,

Indicates which address space (Register,

1/O, Special 1/0, Data Memory, Stack

Memory, or Program Memory) the operand

is located in,

Shows the assembly language format used to

specify the addressing mode, and

w Works through an example.

The descriptions are grouped into two sec-

tions—one for nonsegmented CPUs, the other
for segmented CPUs. Users of the Z8002 need

refer to the first section only; users of the

Z8001 in nonsegmented mode should also refer
to the first section, while users of Z8001 in

segmented mode should refer to the second

section.
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5.4 Descrip-
tions and

Examples
(Z8002 and

In this section, the addressing modes of both

the Z8002 and the nonsegmented mode Z8001

aredescribed. _
5.4.1 Register (R). Inthe Register addressing

Z8001 Nonseg- mode the instruction processes data taken
mented Mode) from a specified general-purpose register.

Storing data in a register allows shorter

instructions and faster execution than occurs

with instructions that access memory.

INSTRUCTION REGISTER

OPERATION| REGISTER }->]oPerano|

THE OPERAND VALUEIS THE CONTENTS OF THE REGISTER.

The operand is always in the register

address space. The register length (byte,

word, register pair, or register quadruple)is

specified by the instruction opcode.

Assembler language format:

RHn, RLn Byte register
Rn Wordregister

RRn Double-word register

 

 

RQn Quadruple-word register

Example of R mode:

LD R2, R3 !load the contents of!

{R3 into R2!

Before Execution

R2 |A6B8

R3 19A20   

After Execution

R2 |9A20

R3 |9A20

§.4.2 Immediate (IM). The Immediate address-

ing modeis the only mode that does notindi-

cate a register or memory address as the

source operand. The data processed by the

instruction is in the instruction.

 

    

INSTRUCTION

OPERATION

 

 

  WORD(S) OPERAND
 

THE OPERAND VALUE [S IN THE INSTRUCTION.

Because an immediate operandis part of the

instruction, it is always located in the program

memory address space. Immediate modeis

often usedto initialize registers. The Z8000 is

optimized for this function, providing several

short immediate instructions to reduce the

length of programs.

Assembler language format(see also

Chapter6):

#data

Example of IM mode:

LDB RH2 #%55 !load hex 55 into RH2!

Before Execution

a [a9

After Execution

R2 [5589
5.4.3 Indirect Register (IR). In the Indirect

Register addressing mode, the data processed
is not the value in the specified register.

Instead, the register holds the address of

the data.

INSTRUCTION REGISTER MEMORY

| OPERATION | REGISTER J++]avoress[>|orerano|

THE OPERANDVALUE IS THE CONTENTS OF THE LOCATION WHOSE ADORESS IS IN
THE REGISTER.

A single word register is used to hold the

address. Any general-purpose wordregister

can be used except RO.

Depending on the instruction, the operand

specified by IR mode will be located in either

I/O address space (I/O instructions), Special

V/O address space (Special I/O instructions),

or data or stack memory address spaces. For

non-I/O references, the operand will be in

stack memory spaceif the stack pointer (R15)
is used as the indirect register; otherwise, the

operandwill be in data memory space.

The Indirect Register mode may save space

and reduce execution time when consecutive

locations are referenced. This mode can also
be used to simulate more complex addressing

modes, since addresses can be computed

before the data is accessed.

Assembler language format(see also
Chapter6):

@Rn

Example of IR mode:

LD R2,@R5 !load R2 with the!

!data addressed by the!

!contenis of R5!

 

  

  

  

 
   

 

 

 

 

Before Execution Memory

R2 |030F :
R3 0005 170A A023

R4 2000 170C OBOE

R5 170C 170E |10D0

After Execution "

R2 |OBOE

R3 0005

R4 2000

R5 170C   
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5.4 Descrip-
tions and
Examples

(Z8002 and
Z8001 Nonseg-

mented Mode)

(Continued)

5.4.4 Direct Address (DA). In the Direct
Addressing mode, the data processed is found

at the address specified in the instruction.

INSTRUCTION

OPERATION

 

MEMORY

}—»| OPERAND|

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE ADDRESSIS IN
THE INSTRUCTION.

 

 WORD(S)! ADDRESS
  

Depending uponthe instruction, the oper-

and specified by DA mode will be either in I/O
space (I/O instructions), in Special I/O space

(Special I/O instructions), or in data

memory space.
This mode is also used by Jump and Call

instructions to specify the address of the next
instruction to be executed. (Actually, the

address serves as an immediate value thatis

loaded into the Program Counter.)

Assembler language format(see also
Chapter 6):

address either memory, I/O, or

Special I/O

Example of DA mode:

LDB RH2,%5E23 lload RH2 with the!

Idata in address!

 

 

 

15E23!

Before Execution Memory

R2 |6789 :
5E22 |0106

5E24 0304

  
After Execution

R2 [0685
§.4.5 Index (X). In the Index Addressing

mode, the instruction processes data located at

an indexed address in memory. The indexed

address is computed by adding the address

specified in the instruction to an ‘index’’ con-

tained in a word register, also specified by the

instruction. Indexed addressing allows random

access to tables or other complex data struc-

tures where the address of the base of the table
is known, but the particular element index

must be computed by the program.

INSTRUCTION

OPERATION| REGISTER

REGISTER

all inoex|-—y MEMORY

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE ADDRESSIS THE
ADDRESS IN THE INSTRUCTION, OFFSET BY THE CONTENTS OF THE REGISTER.

 

 

ADDRESS

 

   

Any word register can be used as the index

register except RO.

Operands specified by X mode are always in

the data memory address space, except when

Index Addressing is used with the Jump and

Call instructions. In these cases, the
destination, computed by adding the index

register contents to the base address,is in

program memory space.

Assembler languageformat(see also
Chapter6):

(Rn)
Example of X mode:

LD R4,%231A(R3)

address

‘load into R4 the con-!

Itents of the memory!
‘location whose!

laddress is 231A +!

Ithe value in R3!

Before Execution Memory

R3

R4

 

O1FE :

203A 2516 F3C2

2518 3D0E

251A |7ADA

  

    

 

   
Address Calculation

231A
+Q1FE
2518

After Execution

R3 |O1FE

R4 |3DOE

 

 

   

5.4.6 Relative Address (RA). In the Relative

Addressing mode, the data processed is found

at an addressrelative to the current instruc-
tion. The instruction specifies a two’s comple-

ment displacement which is added to the Pro-
gram Counterto form the target address. The

Program Counter setting used is the address of
the first instruction fol/owing the currently exe-

cuting instruction. (The assembler will take

this into account in calculating the constant

that is assembled into the instruction.)

INSTRUCTION PC

OPERATION | ADDRESS

 

MEMORY

O
THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE
ADDRESSIS THE CONTENTSOF PC OFFSET BY THE DISPLACEMENTIN THE
INSTRUCTION,

 

  DISPLACEMENT
 

An operand specified by RA mode is always

in the program memory address space.

As with the Direct Addressing mode, the

Relative Addressing modeis used by certain

program control instructions to specify the
address of the next instruction to be executed

(specifically, the result of the addition of the
Program Counter value and the displacement

is loaded into the Program Counter). Relative

addressing allows short references forward or
backward from the current Program Counter

value and is used only for such instructions as
Jumps or Calls and special loads (LDR)that

can cross the normally strict boundary between

program and data memory.
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Vem WEDUIp- nmssempier 1anguage lormar |see aiso Betore Execution Memory
 

  

    

 

 

   

tions and Chapter 6): :

Examples address Ra AOFO =
(Z8002 and PC 0202 0202 {3102
Z8001 Nonseg- Example of RA mode:(Note that the symbol 0204 to002 Instructior.

anes mone) canusedithe value of the current pro- 0206 [E801

ontinue :
LDR R2,$+%6 load into R2 the con-! 0208 FFFE

Itents of the memory! :
Nocation whose! Address Calculation
laddress is the current! 0206

{program counter! + 2

1+ hex 6! 0208

Because the program counterwill be advanced

to point to the next instruction when the

address calculation is performed, the constant

that occurs in the instruction will actually

be +2.

After Execution

R2 |FFFE

PC 0206

 

 

   
 

5.4.7 Base Address (BA). The Base Address-
ing modeis similar to Index mode in that a

base and offset are combined to produce the
effective address. In Base Addressing, how-

ever, a register contains the base address, and

the displacement is expressed as a 16-bit value
in the instruction. The two are added and the

resulting address points to the data to be pro-

cessed. This addressing mode may be used

only with the Load instructions. Base
Addressing mode, as a complement to Index

INSTRUCTION

mode, allows random accessto tables or other

data structures where the displacement of an

element within the structure is known, but the

base of the particular structure must be com-
puted by the program.

Any word register can be used for the base
address except RO.

An operand specified by BA mode will be in

stack memory spaceif the base register is the

stack pointer (R15) and in data memory space

otherwise.

REGISTER
 

OPERATION | REGISTER ADDRESS MEMORY
 

 
  DISPLACEMENT
 

+ OPERAND

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE ADDRESS !S THE
ADDRESSIN THE INSTRUCTION, OFFSET BY THE CONTENTS OF THE REGISTER.

 

Assembler language format(see also
Chapter6):

Rn (#disp)

Example of BA mode:

LDL R5(#%18),RR2 ‘load the long word!

lin RR2 into the!

tmemory location!

'whose addressis the!

Ivalue in R5 + hex!

 

  

  

      

 

118!

Before Execution Memory

RR2 R2 [0A00 :
R3 1500 20C0 OABE

R4 {3100 20C2 F50D

R5 |20AA 20C4 BADE

20C6 BoOD1  

Address Calculation

 

  

  

      

 

20AA
+18
20C2

After Execution Memory

RR2 R2 [O0A00 :
R3 11500 20CO0 |OABE

R4 [3100 20C2 |O0A00

RS |20AA 20C4 41500

20C6 BOD1  



 

5.4 Descrip-
tions and
Examples
(Z8002 and

5.4.8 Base Index (BX). The Base Index
addressing mode is an extension of the Base
Addressing mode and may be used only with

the Load instructions. In this case, both the

Z8001 Nonseg- base address and index (displacement) are
mented Mode) held in registers. This mode allows access to
(Continued) memory locations whose physical addresses

are computed at runtime and are not fully
knownat assembly time.

Any word register can be used for either the
base addressor the index excep? RO.

An operand specified by BX modewill be in

stack memory spaceif the base register is the

stack pointer (R15) and in data memory

otherwise.

Assembler language format (see also
Chapter6):

Rn (Rm)

Example of BX mode:

LD R2,R5(R3) lload into R2 the!

!value whose address!

lis the value in!

!'R5 + the value in R3!

INSTRUCTION

Before Execution

R2

R3

R4

R5

Memory
 

1F3A :

FFFE 14FE 0101

0300 1500 BODE

1502 1502 {F732

 
 

  

 
       

Address Calculation

1502
+FFFE
1500
 

After Execution
 

 

 

    

R2 BODE

R3 FFFE

R4 0300

RS 1502

REGISTER
 

OPERATION|REGISTER 1 | REGISTER|—>|

 

ADORESS

REGISTER

OISPLACEMENT

MEMORY

OPERAND

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE
ADORESS {S THE CONTENTS OF THE ONE REGISTER OFFSET BY THE
DISPLACEMENT IN THE SECOND REGISTER,

 

5.5 Descrip-
tions and

Examples

(Segmented
Z8001)

In this section, <<nn>> will often be used

to refer to segment number nn.

5.5.1 Register (R). In the Register addressing

mode, the instruction processes data taken

from a specified general-purpose register.Stor-

ing data in a register allows shorter instruc-

tions and faster execution than occurs with

instructions that access memory.

INSTRUCTION REGISTER

| OPERATION | reaisteR|—»|orerano|

THE OPERAND VALUE #S THE CONTENTSOF THE REGISTER.

 

The operandis always in the register
address space. The register length (byte,

word, register pair, or register quadruple) is

specified by the instruction opcode.

Assembler language formats (see

also Chapter6):

RHn, RLn Byte register

Rn Wordregister

RRn Double-word register

ROn Quadruple-word
register

Example of R mode:

LDL RR2,RR4 {load the contents!

lof RR4 into RR2!

RR2 R2 ;A6B8

/ R3 |9A20

RR4 R4 |38A6

R5 745E

After Execution

RR2 R2 }38A6

R3 745E

RR4 R4 |38A6

R5 |745E

Before Execution
 

 

 

 

 

 

 

 

    
5.5.2 Immediate (IM): The Immediate address-

ing mode is the only modethat does not indi-
cate a register or memory addressasthe loca-

tion of the source operand. The data processed

by the instruction is in the instruction.

INSTRUCTION

OPERATION

 

 
OPERAND  WORD(S)
 

THE OPERAND VALUEIS IN THE INSTRUCTION.
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5.5 Descrip-
tions and

Examples
(Segmented
Z8001)

‘ (Continued)

Because an immediate operand is part of the

instruction, it is always located in the program

memory address space. Immediate modeis

often used to initialize registers. The Z8000 is

optimized for this function, providing several
short immediate instructions to reduce the

length of programs.

Assembler language format (see also
Chapter6):

#data

Example of IM mode:

LDB RH2,#%55 !load hex 55 into RH2!

Before Execution

ne (ara
After Execution

no [55]
5.5.3 Indirect Register (IR). In the Indirect
Register addressing mode, the data processed

is not the value in the specified register.

Instead, the register holds the address of
the data.

INSTRUCTION REGISTER MEMORY

| OPERATION REGisTER}—»{ appress |—»{ OPERAND |

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE ADDRESSIS IN
THE REGISTER.

Depending uponthe instruction, the oper-

and specified by IR mode will be located in
either I/O address space (I/O instructions),

Special I/O address space (Special I/O

instructions), or data or stack memory address

spaces. For non-I/O references, the operand

will be in stack memory space if the stack

pointer (RR14) is used as the indirect register,

otherwise the operand will be in data memory

space.

A 16-bit register is used to hold an 1/O or

Special I/O address; a register pair is used to

hold a memory address. Any general-purpose

register or register pair may be used except RO

or RRO.
The Indirect Register mode may save space

and reduce execution time when consecutive

locations are referenced. This mode can also

be used to simulate more complex addressing

modes, since addresses can be computed

before the data is accessed.

Assembler language formats (see also
Chapter6):

@Rn Contains I/O or
Special I/O address.

@RRn Contains memory
address.

Example of memory access using IR mode:

LD R2,@RR4 Noad into R2 the!

!value in the memory!

location addressed!

!by the contents of!

 

  

  

  

    
 

 

 

 

!RR4!

Before Execution Memory

RR2 R2 [030F :
R3 |0005 170A* A023

RR4 R4 {2000 170C {OBOE

R5 }170C 170E {10D3

After Execution * Segment Number 20

RR2 R2 OBOE

R3 |0005

RR4 R4 2000

R5 170C   
Example of I/O using IR mode:

OUTB RLO,@R1

Before Execution

RO 0A23

RO 0011

 

Execution sends the

data “23” to the YO

device addressed by

“0011.”

§.5.4 Direct Address (DA). In the Direct

Addressing mode, the data processed is found

at the address specified as an operandin the

instruction.

 

   

INSTRUCTION

OPERATION MEMORY

ADDRESS | H—>{OPERAND |

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE ADDRESSIS IN
THE INSTRUCTION.

 

 

  WORKS)
 

Depending uponthe instruction, the oper-

and specified by DA modewill be either in I/O

space (I/O instructions), Special I/O space

(Special I/O instructions), or data memory

space. I/O and Special I/O addresses are one

word long; memory addresses can be either

one or two words long, depending on whether
the long or short formatis used.

This mode is also used by Jump and Call
instructions to specify the address of the next

instruction to be executed. (Actually, the

address serves as an immediate valuethat is

loaded into the Pregram Counter.)
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5.5 Descrip-
tions and

Examples

(Segmented
28001)

(Continued)

Assembler language format(see also
Chapter 6):

address either memory, I/O, or
Special I/O where dou-

ble angle brackets

a<<" and “>>”
enclose the segment

number, and vertical
lines “| and “|”
enclose short-form
memory addresses.

Example of DA mode:

LDB RH2, <<15>> %23 !load RH2 with the!
!value in memory!

Isegment 15, dis-!

\placement 23 (hex)! oN

Before Execution Memory

 

 

 

R2 |6789 :
<<15>> 0022 |0206

0024 |0304

  
After Execution

na [OBB
 

5.5.5 Index (X). In the Index addressing
mode, the instruction process data is located at

an indexed address in memory. The indexed

address is computed by adding the address

specified in the instruction to an “index” con-

tained in a word register, also specified by the

instruction.

The offset of the operand address is com-

puted by adding the 16-bit index value to the
8 or 16-bit offset portion of the address in the
instruction. The segment number of the oper-

INSTRUCTION

and address comes directly from the instruc-

tion. (Any overflow is ignored—it neither sets

the Overflow flag nor increments the segment

number. The segment number of the operand

address comesdirectly from the instruction.)

Indexed addressing allows random access to
table or other complex data structures where

the address of the base of the table is known,

but the particular element index must be com-

puted by the program.

REGISTER
 

OPERATION L REGISTER INDEX MEMORY
 

WORD(S) ADDRESS   O
THE OPERAND VALUEIS THE CONTENTS OF THE LOCATION WHOSEADDRESS |S THE
ADDRESSIN THE INSTRUCTION, OFFSET BY THE CONTENTS OF THE REGISTER.

 

Any word register can be used as the index

register except RO. The addressin the instruc-

tion can be one or two words, depending on

whethera long orshort offset is used in the

address.
Operands specified by X mode are always in

the data memory address space.

Assembler language format:

(Rn)

Example of X mode:

LD R4, <<5>>%231A(R3)

address

!load into R4 the!

\contents of the!
!memory location!

whose addressis!
{segment 5,!

!displacement!
{231A + the!

lvalue in R3!

Before Execution Memory

R3 O1FE :

R4 203A <<5>> 2516 F3C2

2518 3D03

 

  

    

Address Calculation
 

 

 

<<5>> [%231A

+ OlFE

<<5>> %2518    
After Execution

R3 O1FE

R4 3D0E

 

 

   

5.5.6 Relative Address (RA). In the Relative

Addressing mode, the data processed is found

at an addressrelative to the current instruc-

tion. The instruction specifies a two’s comple-

ment displacement which is added to the offset

of the Program Counterto form the target
address. The Program Counter setting used is
the address of the instruction following the

currently executing instruction. (The assem-

bler will take this into account in calculating

the constant that is assembled into the

instruction. )}

INSTRUCTION PC
 

251A| 7ADA
   
 

>|AobReEss

DISPLACEMENT +

OPERATION MEMORY

OPERAND

 

   
THE OPERAND VALUEIS THE CONTENTS OF THE LOCATION WHOSE
ADORESSIS THE CONTENTS OF PC OFFSET BY THE DISPLACEMENT IN THE
INSTRUCTION.
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5.5 Descrip-
tions and

Examples
(Segmented

Z8001)
(Continued)

An operand specified by RA mode is always
in the program memory address space. Either

long or short format addresses may be used.

As with the Direct Addressing mode, the

Relative Addressing mode is also used by cer-
tain program control instructions to specify the

address of the next instruction to be executed
(specifically, the result of the addition of the
Program Counter value and the displacement
is loaded into the Program Counter). Relative
addressing allows short references forward or
backward from the current Program Counter

value and is used only for such instructions as

Jumps and Calls and special loads (LDR). Note
that because the segment numberis

unchangedrelative addresses are located in

the same segment as the instruction.

Assembler language format (see also
Chapter6):

address

Example of RA mode:

LDR R2,$+6 lload into R2 the con-!

!tents of the memory!

!location whose!

laddress is the!

{current program!
{counter +6!

Because the program counter will be advanced

to point to the next instruction when the

address calculation is performed, the constant

that occurs in the instruction will actually
be +2.

Before Execution Memory

 

 

  

  

    

R2 [AOFO :
<<13>> 0202 |3102

Instruction
0204 {0002

PC ODO0 0206 E801

Q202 0208 FFFE  
Address Calculation

<< 13 >>0206

+
<< 13 >> 0208

After Execution

ra [FPF
PC ODOO

0206

 

 

   

5.5.7 Base Address (BA). The Base

Addressing modeis similar to Index modein

that a base and displacement are combined to
producethe effective address. In Base
Addressing, a register pair contains the 23-bit

segmented base address and the displacement
is expressed as a 16-bit value in the instruc-
tion. The displacementis added to the offset of
the base address, and the resulting address

points to the data to be processed. (The seg-
ment numberis not changed.) This addressing

mode may be used only with the Load instruc-

tions. Base Addressing mode, as a complement
to Index mode, allows random access to

records or other data structures where the

displacement of an element within the struc-

ture is known, but the base of the particular

structure must be computed by the program.

INSTRUCTION

OPERATION

REGISTER(S)}

pt ADDRESS

DISPLACEMENT +

 

MEMORY

OPERAND

 

   
THE OPERAND VALUEIS THE CONTENTS OF THE LOCATION WHOSE ADDRESS
IS THE ADDRESStN THE REGISTER, OFFSET BY THE DISPLACEMENTIN THE
INSTRUCTION.

Any double-word register can be used for

the base address except RRO. The Base

Address mode allows access to locations
whose segment numbers are not knownat

assembly time.

An operand specified by BA modewill be in
stack memory space if the base register is the

stack pointer (RR14) and in data memory space

otherwise.

If the segment number is known when the

program is assembled (or loaded, for example,

if the loader can resolve symbolic segment

numbers), the Indexed addressing mode may

be used to simulate the based addressing
mode. For example, if R2 is known to hold seg-

ment number 18, then the operand specified

using the based address RR2 (#93) can also be

referenced by the indexed address << 18>>

93 (R3). The advantage of this simulation is

that indexing mode is supported for most

operations, whereas based is restricted to

LOAD and LOAD Address. Thus, using
Indexed addressing is faster and leads to com-

pact code.

Assembler language format (see also

Chapter6):

RRn(#disp) Add the immediate
value to the contents of

RRn; the result is the

address of the operand.

 

26-0001 -0928 5-9



 

 

5.5 Descrip-
tions and
Examples

(Segmented
Z8001)
(Continued)

Example of BA mode: Address Calculation

LDL RR4(#%18),RR2 !load the long word! <<31>>20AA

 

 
 

 
 

 
 

     
 

 

  
 

        

   
 

 

 

 

 

 

  

  

  

      

 

  

  

  

    

lin RR2 into the! +d

!memorylocation! <<31>>20C2

!whose addressis! After E. fi
the value of RR4! or exoCuOn Memory .
{+ hex 18! RR2 R2 0A00 :

Before Execution Memory R3 1500 <<31>> 20C0 OABE
. RRR2 R2 [OA00 na ns a men 0400

R3 [1500 <<31>> 20C0 |OABE oes 1500
RR4 R4 2500 20C2 |F50D 6 Bob1

R5 20AA 20C4 BADE :

20C6 |BOD1

5.5.8 Base Index (BX). The Base Index operand address. The segment number of the
addressing modeis an extension of the Base operand address is the same as the base

Addressing mode and may beused only with address. This mode allows access to memory

the Load instructions. In this case, both the locations whose physical addresses are com-

base address and index are held in registers. puted at runtime and are not fully knownat

The index value is added to the offset of the assembly time.

base address to produce the offset of the

INSTRUCTION REGISTER

| OPERATION | REGISTER 1 recisteR 2 kr] ADDRESS MEMORY

REGISTER

THE OPERAND VALUE IS THE CONTENTS OF THE LOCATION WHOSE
ADDRESSIS THE CONTENTS OF THE ONE REGISTER OFFSET BY THE
DISPLACEMENTIN THE SECOND REGISTER.

{

Any register pair can be used for the base Before Execution Memory

address except RRO. Any word register except :

RO can be usedfor the index. Note that the RR2 R2 3535 -
Short Offset format for base addressesis ille- R3 FFFE <<13>> 14FE] 0101

gal in registers. RR4_ Ré4 ODOO 1500 BODE

An operand specified by BX mode will be in R5 1502 1502 F732
stack memory spaceif the base register is the :

tack pointer (RR14) and in dat .
 thotwinn er ( ) and in data memory Address Calculation

<< 13>> 1502
Assembler language format (see also + FFEE

Chapter 6): 13551500
RRn (Rn) After Execution Memory

Example of BX mode: RR2 R2 |BODE :

LD R2,RR4 (R3) load into R2 the value! R3 FFFE <<13>> 14FE/ 010]

noseadenjsine’ RR4 R4 OD00 1500 [BODE
Ithe contents of R3! RS [1502 1302 F792  
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Chapter 6 —
Instruction Set

6.1 Intro-

duction

This chapter describes the instruction set of
the Z8000. An overview of the instruction set is

presented first, in which the instructions are
divided into ten functional groups. The

instructions in each grouparelisted, followed

by a summary description of the instructions.
Significant characteristics shared by the

instructions in the group, such asthe available

addressing modes, flags affected, or inter-

ruptibility, are described. Unusual instructions

or features that are not typical of predecessor

microprocessors are pointed out.

Following the functional summary of the

instruction set, flags and condition codes are

discussed in relation to the instruction set. This

is followed by a section discussing interrupt-

ibility of instructions and a description of
traps. The last part of this chapter consists of a

detailed description of each Z8000 instruction,
listed in alphabetical order. This section is

intended to be used as a reference by Z8000

programmers. The entry for each instruction

includes a description of the instruction,

addressing modes, assembly language mne-

monics, instruction formats, execution times

and simple examplesillustrating the use of the

instruction.

 

6.2 Functional
Summary

This section presents an overview of the

Z8000 instructions. For this purpose, the

instructions may be divided into ten functional
groups:

Load and Exchange

Arithmetic

Logical

Program Control

Bit Manipulation

Rotate and Shift

Block Transfer and String Manipulation

Input/Output

CPU Control

mw Extended Instructions

6.2.1 Load and Exchange Instructions.
Instruction Operand(s) Nameof Instruction

CLR dst Clear
CLRB

EX dst, src Exchange

EXB

LD dst, sre Load

LDB
LDL

LDA dst, src Load Address

LDAR dst, src Load Address Relative

LDK dst, src Load Constant

LDM dst, src, num Load Multiple

LDR dst, src Load Relative

LDRB
LDRL

POP dst, src Pop
POPL

PUSH dst, sre Push

PUSHL

The Load and Exchange group includes a

variety of instructions that provide for move-

ment of data between registers, memory, and

the program itself (i.e., immediate data). These

instructions are supported with the widest
range of addressing modes, including the Base

(BA) and the Base Index (BX) mode which are

available here only. None of these instructions

affect any of the CPUflags.

The Load and Load Relative instructions

transfer a byte, word, or long word of data

from the source operand to the destination

operand. A special one-word instruction, LDK,
is also included to handle the frequent require-

ment for loading a small constant (0 to 15) into
a register.

These instructions basically provide one of

the following three functions:

m Load a register with data from a register or
a memorylocation.

a Load a memory location with data from a
register.

a Load a register or a memory location with
immediate data.

The memory location is specified using any
of the addressing modes (IR, DA, X, BA,
BX, RA).
The Clear and Clear Byte instructions can

be used to clear a register or memory location

to zero. While this is functionally equivalent to

a Load Immediate where the immediate data is

zero, this operation occurs frequently enough

to justify a special instruction that is more

compact and faster.
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6.2 Functional
Summary
(Continued)

The Exchangeinstructions swap the contents
of the source and destination operands.

The Load Multiple instruction provides for
efficient saving and restoring of registers. This

can significantly lower the overhead of pro-
cedure calls and context switches such as
those that occurat interrupts. The instruction

allows any contiguous group of | to 16 regis-

ters to be transferred to or from a memory
area, which can be designated using the DA,
IR or X addressing modes. (RO is considered to
follow R15, e.g., one may save R9-R15 and
RO-R3 with a single instruction.)

Stack operations are supported by the
PUSH, PUSHL, POP, and POPLinstructions.

Any general-purposeregister (or register pair

in segmented mede) may be used as the stack

pointer (except RO and RRO). The source

operand for the Push instructions and the
destination operand for the Pop instructions

may be a register or a memorylocation,

specified by the DA, IR, or X addressing

modes. Immediate data can also be pushed

onto a stack one word at a time. Note that byte

operations are not supported, and the stack

pointer register must contain an even value

whena stack instruction is executed. This is

consistent with the general restriction of using

even addresses for word and long word

accesses.

The Load Address and Load Address Rela-

tive instructions compute the effective address

for the DA, X, BA, BX and RA modes and

return the value in a register. They are use-

ful for management of complex data structures.

6.2.2 Arithmetic Instructions

Instruction Operand(s) Nameof Instruction

ADC dst, src Add with Carry

ADCB

ADD dst, sre Add

ADDB
ADDL

CP dst, src Compare

CPB
CPL

DAB dst Decimal Adjust

DEC dst, src Decrement

DECB

DIV dst, sre Divide

DIVL

EXTS dst Extend Sign

EXTSB
EXTSL

INC dst, src Increment

INCB

MULT dst, src Multiply

MULTL

NEG dst Negate

NEGB

SBC dst, src Subtract with Carry

SBCB

SUB dst, src Subtract

SUBB
SUBL

The Arithmetic group consists of instructions

for performing integer arithmetic. The basic

instructions use standard two’s complement

binary format and operations. Supportis also
provided for implementation of BCD
arithmetic. {

Most of the instructions in this group per-
form an operation between a register operand
and a second operand designated by any of

the five basic addressing modes, and load the
result into the register.

The arithmetic instructions in generalalter

the C, Z, S and P/V flags, which can then be

tested by subsequent conditional jump instruc-

tions. The P/V flag is used to indicate arith-

metic overflow for these instructions and it is

referred to as the V (overflow) flag. The byte
version of these instructions generally alters

the D and flags as well.

The basic integer (binary) operations are

performed on byte, word or long word oper-

ands, although not all operand sizes are sup-
ported by all instructions. Multiple precision

operations can be implemented in software

using the Add with Carry, (ADDC, ADDCB),

Subtract with Carry (SBC, SBCB) and Extend

Sign (EXTS, EXTSB, EXTSL) instructions.

BCD operations are not provided directly,

but can be implemented using a binary addi-
tion (ADDB, ADCB) or subtraction (SUBB,

SBCB)followed by a decimal adjust instruc-

tion (DAB).
The Multiply and Divide instructions perform

signed two's complement arithmetic on word or

long word operands. The Multiply instruction

(MULT) mutliplies two 16-bit operands and
produces a 32-bit result, which is loaded into

the destination register pair. Similarly, Mult-

iply Long (MULTL) multiplies two 32-bit oper-

ands and produces a 64-bit result, which is
loaded into the destination register quadruple.

An overflow condition is never generated by a

multiply, nor can a true carry be generated.

The carry flag is used instead to indicate

where the product has too manysignificant bits
to be contained entirely in the low-order half

of the destination.
The Divide instruction (DIV) divides a 32-bit

numberin the destination register pair by a

16-bit source operand andloads a 16-bit quo-

tient into the low-orderhalf of the destination

register. A 16-bit remainder is loaded into the
high-order half. Divide Long (DIVL) operates

similarly with a 64-bit destination register

quadruple and a 32-bit source. The overflow
flag is set if the quotient is bigger than the

low-order half of the destination, or if the
source is zero.

—™
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6.2 Functional 6.2.3 Logical Instructions.
Summary
(Continued)

Instruction Operand(s) Nameof Instruction

AND dst, src And

ANDB

COM dst Complement
COMB

OR dst, src Or

ORB

TEST dst Test

TESTB
TESTL

XOR dst, src Exclusive Or
XORB

The instructions in this group perform logi-

cal operations on eachof the bits of the oper-

ands. The operands may be bytes or words;

logical operations on long word are not sup-

ported (except for TESTL) but are easily imple-

mented with pairs of instructions.

The two-operandinstructions, And (AND,

ANDB), Or (OR, ORB) and Exclusive-Or

(XOR, XORB) perform the appropriate logical
operations on correspondingbits of the desti-

nation register and the source operand, which
can be designated by anyof the five basic

addressing modes(R, IR, DA, IM, X). The

result is loaded into the destination register.

Complement (COM, COMB) complements
the bits of the destination operand. Finally,

Test (TEST, TESTB, TESTL) performs the OR

operation between the destination operand and

zero and sets the flags accordingly. The Com-

plement and Test instructions can use the five

basic addressing modesto specify the

destination.

The Logical instructions set the Z and S flags

based on the result of the operation. The byte

variants of these instructions also set the Parity
Flag (P/V)if the parity of the result is even,

while the word instructions leave this flag
unchanged. The H andD flags are not affected

by these instructions.

6.2.4 Program Control Instructions.

Instruction Operand(s) Nameof Instruction

CALL dst Call Procedure

CALR dst Call Procedure Relative

DJNZ r, dst Decrement and Jump if

DBINZ Not Zero

IRET Interrupt Return

JP ce, dst Jump

JR cc, dst Jump Relative

RET ce Return from Procedure

SC src System Call

This group consists of the instructions that
affect the Program Counter (PC) and thereby

control program flow. General-purpose

registers and memoryare not altered except

for the processor stack pointer and the pro-

cessor stack, which play a significant role in

proceduresand interrupts. (An exception is

Decrement and Jump if Not Zero (DJNZ), which

uses a register as a loop counter.) The flags
are also preserved except for IRET which
reloads the program status, including the

flags, from the processorstack.
The Jump (JP) and Jump Relative (JR)

instructions provide a conditional transfer of

control to a new location if the processor flags

statisfy the condition specified in the condition
code field of the instruction. (See Section 6.4

for a description of condition codes.) Jump

Relative is a one-word instruction that will

jump to any instruction within the range -254

to +256 bytes from the current location. Most

conditional jumps in programs are made to

locations only a few bytes away; the Jump

Relative instruction exploits this fact to

improve code compactness and efficiency.

Call and Call Relative are used for calling

procedures; the current contents of the PC are

pushed onto the processor stack, and the effec-

tive address indicated by the instruction is

loaded into the PC. The use of a procedure

address stack in this mannerallows straight-
forward implementation of nested and recur-

sive procedures. Like Jump Relative, Call

Relative provides a one-word instruction for
calling nearby subroutines. However, a much

larger range, -4092 to +4098 bytes for CALR

instruction, is provided since subroutinecalls

exhibit less locality than normal control

transfers.

Both Jump and Call instructions are

available with the indirect register, indexed

and relative address modes in addition to the

direct address mode. These can be useful for

implementing complex control structures such

as dispatch tables.

The Conditional Return instruction is a com-
panion to the Call instruction; if the condition

specified in the instruction is satisfied, it loads

the PC from the stack and popsthe stack.
A special instruction, Decrement and Jump

if Not Zero (DJNZ, DBJNZ), implements the

control part of the basic FOR loop in a one-

wordinstruction.

System Call (SC) is used for controlled

access to facilities provided by the operating
system. It is implemented identically to a trap

or interrupt: the current program statusis

pushed onto the system processor stack fol-

lowed bythe instruction itself, and a new pro-

gram status is loaded from a dedicated part of
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6.2 Functional the Program Status Area. An 8-bit immediate

Summary
(Continued)

source field in the instruction is ignored by the

CPU hardware. It can be retrieved from the

stack by the software which handles system

calls and interpreted as desired, for example

as an index into a dispatch table to implement

a call to one of the services provided by the

operating system.

Interrupt Return (IRET) is used for returning

from interrupts and traps, including system
calls, to the interrupted routines. This is a
privileged instruction.

6.2.5 Bit Manipulation Instructions
Instruction Operand(s) Nameof Instruction

BIT dst, src Bit Test

BITB

RES dst, src Reset Bit

RESB

SET dst, src Set Bit

SETB

TSET dst Test and Set
TSETB

TCC cc, dst Test condition code

TCCB

The instructions in this group are useful for

manipulating individualbits in registers or

memory. In most computers, this has to be

done using the logical instructions with suit-
able masks, which is neither natural nor

efficient.

The Bit Set (SET, SETB) and Bit Reset (RES,

RESB)instructions set or clear a single bit in

the destination byte or word, which can be in

a register or in a memory location specified by

any of the five basic addressing modes. The

particular bit to be manipulated may be speci-

fied statically by a value (0 to 7 for byte, 0 to

15 for word) in the instruction itself or it may

be specified dynamically by the contents of a
register, which could have been computed by

previous instructions. In the latter case, the

destination is restricted to a register. These
instructions leave the flags unaffected. The

companion Bit Test instruction (BIT, BITB)

similarly tests a specified bit and sets the Z flag

according to the state of the bit.
The Test and Set instruction (TSET, TSETB)

is useful in multiprogramming and multipro-

cessing environments. It can be used for

implementing synchronization mechanisms

between processes on the same or differ-

ent CPUs.
Anotherinstruction in this group, Test Con-

dition Code (TCC, TCCB)sets a bit in the des-

tination register based on thestate of the flags

as specified by the condition code in the

instruction. (See Section 5.6.1 for a list of con-

dition codes.) This may be used to control sub-

sequent operation of the program after the

flags have been changed by intervening

instructions. It may also be used by language

compilers for generating boolean values.

6.2.6 Rotate and Shift Instructions.

Instruction Operand(s) Nameof Instruction

RL dst, src Rotate Left
RLB

RLC dst, sre Rotate Left through
RLCB Carry

RLDB dst, src Rotate Left Digit

RR dst, src Rotate Right

RRB

RRC dst, src Rotate Right through

RRCB Carry

RRDB dst, src Rotate Right Digit

SDA dst, src Shift Dynamic Arithmetic

SDAB
SDAL

SDL dst, src Shift Dynamic Logical

SDLB
SDLL

SLA dst, src Shift Left Arithmetic

SLAB
SLAL

SLL dst, src Shift Left Logical
SLLB
SLLL

SRA dst, sre Shift Right Arithmetic

SRAB
SRAL

SRL dst, src Shift Right Logical
SRLB
SRLL

This group contains a rich repertoire of

instructions for shifting and rotating data

registers.

Instructions for shifting arithmetically or
logically in either direction are available.

Three operand lengths are supported: 8, 16

and 32 bits. The amountof the shift, which

may be any value upto the operandlength,

can be specified statically by a field in the
instruction or dynamically by the contents of a

register. The ability to determine the shift
amount dynamically is a useful feature, which

is not available in most minicomputers.

The rotate instructions will rotate the con-

tents of a byte or word register in either direc-

tion by one or twobits; the carry bit can be

included in the rotation. A pair of digit rota-

tion instructions (RLDB, RRDB)are especially

useful in manipulating BCD data.
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6.2 Functional 6.2.7 Block Transfer And String Manipula-
Summary
(Continued)

tion Instructions.

Instruction Operand(s) Nameof Instruction

CPD dst, src, r, cc Compare and Decrement

CPDB

CPDR dst, src, r, cc Compare, Decrement and

CPDRB Repeat

CPI dst, src, r, cc Compare and Increment

CPIB

CPIR dst, src, r, cc Compare, Increment and

CPIRB Repeat

CPSD dst, src, r, cc Compare String and

CPSDB Decrement

CPSDR dst, src, r, cc Compare String,
CPSDRB Decrement and Repeat

CPSI dst, src, r, cc Compare String and

CPSIB Increment

CPSIR dst, sre, r, cc CompareString,
CPSIRB Increment and Repeat

LDD dst, src, r Load and Decrement

LDDB

LDDR dst, src, r Load, Decrement and

LDRB Repeat

LDI dst, src, r Load and Increment
LDIB

LDIR dst, src, r Load, Increment and

LDIRB Repeat

TRDB dst, src, r Translate and Decrement

TRDRB dst, src, r Translate, Decrement and

Repeat

TRIB dst, src) r Translate and Increment

TRIRB dst, src, r Translate, Increment and

Repeat

TRIDB srcl, srcZ, r Translate, Test and
Decrement

TRTDRB srcl, src2, r Translate, Test,

Decrement and Repeat

TRTIB srcl, src2, r Translate, Test and
Increment

TRTIRB srcl, src2, r Translate, Test, Increment

and Repeat

This is an exceptionally powerful group of

instructions that provides a full complement of

string comparison, string translation and block

transfer functions. Using these instructions, a
byte or word block of any length up to 64K

bytes can be moved in memory; a byte or word

string can be searched until a given valueis

found; two byte or word strings can be com-

pared; and a bytestring can betranslated by

using the value of each byte as the address of
its own replacement in a translation table. The

more complex Translate and Test instructions

skip over a class of bytes specified by a

translation table, detecting bytes with values

of special interest.

All the operations can proceed through the

data in either direction. Furthermore, the
operations may be repeated automatically

while decrementing a length counter until it is

zero, or they may operate on one storage unit

per execution with the length counter decre-

mented by one and the source and destination

pointer registers properly adjusted. The latter

form is useful for implementing more complex

operations in software by adding other instruc-

tions within a loop containing the block

instructions.

Any word register can be used as a length

counter in most cases. If the execution of the

instruction causes this register to be decre-

mented to zero, the P/V flag is set. The auto-

repeat forms of these instructions always leave

this flag set.

The D and H flags are not affected by anyof

these instructions. The C and 5 flags are
preserved by all but the compare instructions.

These instructions use the Indirect Register

(IR) addressing mode: the source and destina-

tion operands are addressed by the contents of

general-purpose registers (word registers in

nonsegmented mode and register pairs in seg-

mented mode). Note that in the segmented

mode, only the low-order half of the register

pair gets incremented or decremented as with
all address arithmetic in the Z8000.

The repetitive forms of these instructions are

interruptible. This is essential since the repeti-

tion count can be as high as 65,536 and the

instructions can take 9 to 14 cycles for each

iteration after the first one. The instruction can

be interrupted after any iteration. The address

of the instruction itself, rather than the next

one, is saved on the stack, and the contents of

the operand pointer registers, as well as the

repetition counter, are such that the instruc-

tion can simply be reissued after returning

from the interrrupt without any visible dif-

ference in its effect.
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6.2 Functional 6.2.8 Input/OutputInstructions.
Summary
(Continued)

Instruction Operand(s) Nameof Instruction

IN dst, sre Input
INB

IND dst, src, r Input and Decrement

INDB

INDR dst, src, r Input, Decrement and

INDRB Repeat

INI dst, src, r Input and Increment

INIB

INIR dst, sre, r Input, Increment and
INIRB Repeat

OTDR dst, sre, r Output, Decrement and

OTDRB Repeat

OTIR dst, sre, r Output, Increment and

OTIRB Repeat

OUT dst, src Output

OUTB

OUTD dst, src, r Output and Decrement

OUTDB

OUTI dst, src, r Output and Increment

OUTIB

SIN dst, src Special Input

SINB

SIND dst, sre, r Special Input and

SINDB Decrement

SINDR dst, src, r Special Input, Decrement

SINDRB and Repeat

SINI dst, src, r Special Input and

SINIB Increment

SINIR dst, src, r Special Input, Increment

SINIRB and Repeat

SOTDR dst, src, r Special Output,
SOTDRB Decrement and Repeat

SOTIR dst, src, r Special Output,

SOTIRB Increment and Repeat

SOUT dst, src Special Output
SOUTB

SOUTD dst, src, r Special Output and

SOUTDB Decrement

SOUTI dst, src, r Special Output and

SOUTIB Increment

This group consists of instructions for trans-
ferring a byte, word or block of data between

peripheral devices and the CPU registers or

memory. Two separate I/O address spaces with
16-bit addresses are recognized, a Standard

I/O address space and a Special I/O address

space. Thelatter is intended for use with

special Z8000 Family devices, typically the

Z-MMU.Instructions that operate on the
Special I/O address space are prefixed with

the word “special.” Standard I/O and Special

I/O instructions generate different codes on
the CPU status lines. Normal 8-bit peripherals

are connected to bus lines ADj-AD7. Standard
I/O byte instructions use odd addresses only.

Special 8-bit peripherals such as the MMU,

which are used with special I/O instructions,

are connected to bus lines ADg-ADj5. Special
V/O byte instructions use even addresses only.
The instructions for transferring a single

byte or word (IN, INB, OUT, OUTB,SIN,

SINB, SOUT, SOUTB)can transfer data

between any general-purpose register and any
port in either address space. For the Standard
I/O instructions, the port number may be
specified statically in the instruction or dynam-
ically by the contents of the CPU register. For
the Special I/O instructions the port numberis
specified statically.
The remaining instructions in this group

form a powerful and complete complement of
instructions for transferring blocks of data

between I/O ports and memory. The operation

of these instructions is very similar to that of

the block move instructions described earlier,

with the exception that one operand is always

an I/O port which remains unchanged as the

address of the other operand (a memory loca-

tion) is incremented or decremented. These

instructions are also interruptible.

All I/O instructions are privileged, i.e. they

can only be executed in system mode. The

single byte/wordI/O instructions don’t alter
any flags. The block I/O instructions, includ-
ing the single iteration variants, alter the Z and

P/V flags. The latter is set when the repetition
counter is decremented to zero.

6.2.9 CPU Control Instructions.

Instruction Operand(s) Nameof Instruction

COMFLG flag Complement Flag

DI int Disable Interrupt

EI int Enable Interrupt

HALT Halt

LDCTL dst, sre Load Control Register

LDCTLB

LDPS src Load Program Status

MBIT Multi-Micro Bit Test

MREQ dst Multi-Micro Request

MRES Multi-Micro Reset

MSET Multi-Micro Set

NOP No Operation

RESFLG flag Reset Flag

SETFLG flag Set Flag

The instructions in this group relate to the
CPU control and status registers (FCW, PSAP,

REFRESH,etc.), or perform other unusual

functions that do notfit into any of the other
groups, such asinstructions that support mullti-

microprocessor operation. Most of these

instructions are privileged, with the exception

of NOPandthe instructions operating on the
flags (SETFLG, RESFLG, COMFLG,

LDCTLB).
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6.2 Functional 6.2.10 Extended Instructions. The Z8000

Summary
(Continued)

architecture includes a powerful mechanism
for extending the basic instruction set through

the use of external devices known as Extended
Processing Units (EPUs). (See Section 2.12 for

a more comprehensive presentation of the

Extended Processor Architecture.) A group of
six opcodes, OE, OF, 4E, 4F, 8E and 8F (in
hexadecimal), is dedicated for the implemen-
tation of extended instructions using this facil-

ity. The five basic addressing modes(R,IR,

DA, IM and X) can be used by extended

instructions for accessing data for the EPUs.

There are four types of extended instructions

in the Z8000 CPUinstruction repertoire: EPU

internal operations; data transfers between

memory and EPU; data transfers between EPU

and CPU; and data transfers between EPU flag
registers and CPU flag and control word. The

last type is useful when the program must

branch based on conditions determined by the

EPU. The action taken by the CPU upon
encountering extended instructions is depen-

dent upon the EPA control bit in the CPU's
FCW. Whenthis bit is set, it indicates that the

system configuration includes EPUs; therefore,
the instruction is executed. If this bit is clear,

the CPU traps (extended instruction trap) so

that a trap handler in software can emulate the

desired operation.

 

6.3 Processor

Traps
The processor flags are a part of the pro-

gram status (Section 2.7.1). They provide a
link between sequentially executed instructions

in the sense that the result of executing one

instruction mayalter the flags, and the

resulting value of the flags may be used to
determine the operation of a subsequent

instruction, typically a conditional jump

instruction. An example is a Test followed by a

Conditional Jump:

TEST Rl lsets Z FLAG if Rl = 0!

JR Z, DONE !go to doneif Z flag is set!

DONE:

The program branches to DONEif the TEST
sets the Z flag, i.e., if Rl contains zero.

The program status has six flags for the use

of the programmer and the Z8000 processor:

m Carry (C)

m Zero (Z)

@ Sign (S)

@ Parity/Overflow (P/V)

m Decimal Adjust (D)

mw Half Carry (H)

The flags are modified by manyinstructions,

including the arithmetic and logical

instructions.

Appendix C lists the instructions and the

flags they affect. In addition, there are Z8000

CPU control instructions which allow the pro-

grammerto set, reset (clear), or complement
any orall of the first four flags. The Half-Carry

and Decimal-Adjust flags are used by the

Z8000 processor for BCD arithmetic correc-

tions. They are not used explicitly by the pro-

grammer.

The FLAGSregister can be separately
loaded by the Load Control Register (LDCTLB)

instruction without disturbing the control bits
in the other byte of the FCW. The contents of

the flag register may also be saved in a reg-

ister or memory.

The Carry (C) flag, when set, generally indi-

cates a carry out of or a borrow into the high-

order bit position of a register being used as

an accumulator. For example, adding the 8-bit
numbers 225 and 64 causes a carry outof bit 7

and sets the Carryflag:

 

 

Bit
7 6 5 4 3 2 1 0

225 1 l 1 0 0 0 0 l
+ 64 0 1 0 0 0 0 0 0

0 0 0 1289 0 0 l 0
Ly = Carry flag

The Carry flag plays an important role in the

implementation of multiple-precision arithmetic

(see the ADC, SBCinstructions). It is also

involved in the Rotate Left Through Carry
(RLC) and Rotate Right Through Carry (RRC)

instructions. One of these instructions is used

to implement rotation or shifting of long strings

of bits.
The Zero (Z) flag is set when the result reg-

ister’s contents are zero following certain
operations. This is often useful for deter-

mining when a counter reaches zero. In addi-

tion, the block compareinstructions use the Z

flag to indicate when the specified comparison

condition is satisfied.
The Sign (S) flag is set to one when the most

significant bit of a result register contains a

one (a negative numberin two’s complement

notation) following certain operations.
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6.3 Processor

Traps
(Continued)

The Overflow (V) flag, when set, indicates

that a two’s complement numberin a result
register has exceeded the largest numberoris

less than the smallest number that can be

represenied in a two's complement notation.

This flag is set as the result of an arithmetic
operation. Consider the following example:

Bit
7 6 5 4 3 2 1 0

 

 

120 0 ] ] 0 ] 0 0 l
+105 0 l I 0 l 0 0 1

0 0 0 0 1225 1 1 1

L Overflow flag

The result in this case (-95 in two’s comple-

ment notation) is incorrect, thus the overflow

flag would be set.

The samebit acts as a Parity (P) flag follow-

ing logical instructions on byte operands. The

numberof one bits in the register is counted
and theflag is set if the total is even (thatis,

P = 1). If the total is odd (P = 0), the flag is

reset. This flag is often referred to as the
P/V flag.

The Block Move andString instructions and
the Block I/O instructions use the P/V flag to

indicate the repetition counter has decre-

mented to 0.

The Decimal-Adjust (D) flag is used for BCD

arithmetic. Since the algorithm for correcting
BCDoperationsis different for addition and
subtraction, this flag is used to record whether

an add or subtract instruction was executed so

that the subsequent Decimal Adjust (DAB)
instruction can perform its function correctly

(See the DAB instruction for further discussion

on the use of this flag).

The Half-Carry (H) flag indicates a carry out

of bit 3 or a borrow into bit 3 as the result of

adding or subtracting bytes containing two
BCD digits each. This flag is used by the DAB

instruction to convert the binary result of a

previous decimal addition or subtraction into

the correct decimal (BCD) result.

Neither the Decimal-Adjust nor the Half-

Carry flag is normally accessed by the pro-

grammer. The specific operations affecting the

flags are detailed in Section 5.6.

 

6.4 Condition

Codes

The first tour flags, C, Z, S, and P/V, are

used to control the operation of certain “condi-

tional” instructions such as the Conditional

Jump. The operation of these instructions is a

function of whether a specified boolean condi-
tion on the four flags is satisfied or not. It

would take 16 bits to specify any of the 65,536
(216) boolean functions of the four flags. Since

only a very small fraction of these are general-

ly of interest, this procedure would be very

wasteful. Sixteen functions of the flag settings

found to be frequently useful are encodedin a
4-bit field called the condition code, which

forms a part of all conditional instructions.

The condition codes and the flag settings

they represent are listed in Section 6.6.
Although there are sixteen unique condition

codes, the assembler recognizes more than six-

teen mnemonics for the conditional codes.

Someof the flag settings have more than one
meaning for the programmer, depending on

the context (PE & OV, Z & EQ, C & ULT,

etc.). Program clarity is enhanced by having

separate mnemonics for the same binary value

of the condition codes in these cases.

 

6.5 Instruction
Interrupts
and Traps

Interrupts are discussed in detail in

Section 7. This section looks at the relation-

ship between instructions and interrupts.

When the CPU receives an interrupt

request, and it is enabled for interrupts of that

class, the interrupt is normally processed at
the end of the current instruction. However,

certain instructions which might take a long

time to complete are designed to be interrupt-

ible so as to minimize the length of timeit

takes the CPU to respondto an interrupt.
These are the iterative versions of the String

and Block instructions and the Block I/O

instruction. If an interrupt request is received

during one of these interruptible instructions,

the instruction is suspendedafter the current

iteration. The address of the instruction itself,

rather than the address of the following
instruction, is saved on the stack, so that the
same instruction is executed again when the

interrupt handler executes an IRET. The con-

6-8

tents of the repetition counter and the registers

which index into the block operands are such

that after each iteration when the instruction is

reissued upon returning from an interrupt, the

effect is the same as if the instruction were not

interrupted. This assumes, of course, the inter-
rupt handler preserved the registers, which is

a general requirement on interrupt handlers.

The longest noninterruptible instruction that

can be used in normal mode is Divide Long
(728 cycles in the worst case). Multi-Micro-

Request, a privileged instruction, can take
longer depending on the contents of the des-

tination register.

Traps are synchronous events that result

from the execution of an instruction. The

action of the CPU in response to a trap condi-

tion is similar to the case of an interrupt (see

Section 7). Traps are non-maskable.



 

6.5 Instruction The Z8000 CPUs implement fourkindsof
Interrupts
and Traps

(Continued)

traps:

w Extended Instruction

a Privileged Instruction in normal mode

sg segmentation violation

@ System Call

The Extended Instruction trap occurs when

an Extended Instruction is encountered, but

the Extended Processor Architecture Facility is

disabled, i.e., the EPA bit in the FCW isa

zero. This allows the samesoftware to be run

on Z8000 system configurations with or without

EPUs. On systems without EPUs, the desired

extendedinstructions can be emulated bysoft-

ware which is invoked by the Extended
Instruction trap.

The privileged instruction trap serves to pro-

tect the integrity of a system from erroneous or
unauthorized actions of arbitrary processes.

Certain instructions, called privileged instruc-

tions, can only be executed in system mode.

An attempt to execute one of these instructions

in normal mode causes a privileged instruction

trap. All the I/O instructions and mostof the

instructions that operate on the FCW are

privileged, as are instructions like HALT

and IRET.
The System Call instruction always causes a

trap. It is used to transfer control to system

mode software in a controlled way, typically to

request supervisor services.

 

6.6 Notation
and Binary

Encoding

The rest of this chapter consists of detailed

descriptions of each instruction, listed in

alphabetical order. This section describes the

notational conventions used in the instruction

descriptions and the binary encoding for some

of the commen instruction fields (e.g., register

designation fields).

The description of an instruction begins with

the instruction mnemonic and instruction name

in the top part of the page. Privileged instruc-

tions are also identified at the top.

The assembler language syntax is then given

in a single generic form that coversall the

variants of the instruction, along with a list of

applicable addressing modes.

Example:

AND dst, src dst: R

ANDB src: R, IM, IR, DA, X

The operation of the instruction is presented

next, followed by a detailed discussion of the

instruction.

The next part specifies the effect of the
instruction on the processor flags. This is

followed by a table that presents all the

variants of the instruction for each applicable

addressing mode and operandsize. For each

of these variants, the following information is
provided:

A. Assembler Language Syntax. The syntax

is shown for each applicable operand width

(byte, word or long). The invariant part of the

syntax is given in UPPER CASE and must

appear as shown. Lower case characters repre-

sent the variable part of the syntax, for which

suitable values are to be substituted. The syn-

tax shownis for the most basic form of the

instruction recognized by the assembler. For

example,

AND Rd,#data

represents a statement of the form

ADD R3,#35. The assemblerwill also accept

variations like ADD TOTAL, 4NEW-DELTA

where TOTAL, NEW and DELTA have been

suitably defined.
The following notation is used for register

operands:

Rd, Rs, etc.: a word register in the

range RO-R15

Rbd Rbs: a byte register RHn or

RLn where n = 0 - 7

RRd RRs: a register pair RRO, RR2,

... RR14

RQd: a register quadruple RRO,

RR4, RR8 or RR12

The “s” or “d"’ represents a source or destina-

tion operand. Address registers used in

Indirect, Base and Base Index addressing

medes represent word registers in nonseg-

mented modeandregister pairs in segmented

mode. A one-word register uséd in segmented

mode is flagged and a footnote explains the

situation.

B. Instruction Format. The binary encoding of

the instruction is given in each case for both

the nonsegmented and segmented modes.

Where applicable, both the short and long

forms of the segmented version are given (SS

and SL).

The instruction formats for byte and word
versions of an instruction are usually com-

bined. A single bit, labeled “w,”” distinguishes
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6.6 Notation

and Binary
Encoding
(Continued)

them: a one indicates a word instruction, while
a zero indicates a byte instruction.

Fields specifying register operands are

identified with the same symbols (Rs, RRd,

etc.) as in Assembler Language Syntax. In

some cases, only nonzero values are permitted
for certain registers, such as index registers.
This is indicated by a notation of the form
“RS # 0."

The binary encoding for register fields is as

Register Binory

Ril RL3 1011
RQ12 -RR12 R12 RL4 1100

R13 RLS 1101
RR14 R14 RL6 1110

R15 RL7 11)1

For easy cross-references, the same symbols
are used in the Assembler Language Syntax

andthe instruction format. In the case of ad-

dresses, the instruction format in segmented

 

follows: mode uses “segment” and “offset” to corres-

Register Binary pond to “address,” while the instruction format
RQO RRO RO RHO 0000 contains “displacement, indicating that the

Rl RH] 0001 assembler has computed the displacement and
RR2 R2 RH2 0010 inserted it as indicated.

RS RHS 0011 A condition code is indicated by “cc” in
RQ4 RR4 R4 RH4 0100 b

RS RHS 0101 oth the Assembler Language Syntax and the

RRG R6 RH6 0110 instruction formats. The condition codes, the

R? RH7 Olll flag settings they represent, and the binary

ROS RRE Ro a toot encoding in the instruction are as follows:

RR1O R10 RL2 1010

Code Meaning Flag Setting Binary

F Alwaysfalse 0000
Always true - 1000

Z Zero Z=1 0110

NZ Not zero Z=0 1110

Cc Carry C=} 0111

NC No carry C=0 lil
PL Plus S$=0 1101

MI Minus S=1 0101

NE Not equal Z=0 1110

EQ Equal Z=1 0110
OV Overflow V=1 0100

NOV No overflow V=0 1100

PE Parity even P=] 0100

PO Parity odd P=0 1100

GE Greater than {(S XOR V) = 0 1001

or equal

LT Less than (S XOR V) = 1 0001

GT Greater than (Z OR (S XOR V)) = 0 1010

LE Less than or (Z OR (S KOR V)) = 1 0010

equal

UGE Unsigned C=0 1111

greater than

or equal

ULT Unsigned C=1 0111

less than

UGT Unsigned ((C =0) AND (Z = Q)) = 1 i011

greater than

ULE Unsignedless (C OR Z) = 1 0011

than or equal

 

Note that some of the condition codes correspondto identical flag settings: i.e., Z-EQ, NZ-NE,

NC-UGE, PE-OV, PO-NOV.

C. Cycles. This line gives the execution time

of the instructions in CPU cycles.

D. Example. A short assembly language

example is given showing the use of the

instruction.
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6.7 Z8000 :
Instruction ADC
Descriptions «
aed Frematz SC Add With Carry

ADCdst, src dst: R
ADCB src: R

Operation: dst « dst + src + c

The source operand, along with the setting of the carry flag, is added to the destina-
tion operand and the sum is stored in the destination. The contents of the source are
not affected. Two’s complement addition is performed. In multiple precision arith-
metic, this instruction permits the carry from the addition of low-order operandsto
be carried into the addition of high-order operands.

Flags: C: Set if there is a carry from the most significant bit of the result: cleared
otherwise

Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if both operands were of the same sign

and theresult is of the opposite sign; cleared otherwise
D: ADC—unaffected; ADCB—cleared

H: ADC—unaffected; ADCB—setif there is a carry from the most significant bit of
the low-order four bits of the result; cleared otherwise

Nonsegmented Mode Segmented Mode

Addressing; Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: ADC Rd, Rs
ADCB Rbd, Rbs rofivosojw)Rsra 5 [rolrsotolw)Rsra 5

Example: Long addition can be done with the following instruction sequence, assuming RO, Rl
contain one operand and R2, R3 contain the other operand:

ADD RI1,R3 ladd low-order words!

ADC RO,R2 ladd carry and high-order words!

Hf RO contains %0000, Rl contains %FFFF, R2 contains %4320 and R3 contains
%0001, then the above two instructions leave the value %4321 in RO and %0000
iv Rl.
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ADDdst, src dst: R

ADDB src: R, IM, IR, DA, X
ADDL

Operation: dst « dst + src

The source operandis added to the destination operand and the sumis stored in the
destination. The contents of the source are not affected. Two’s complement addition
is performed.

Flags: C: Set if there is a carry from the mostsignificant bit of the result; cleared otherwise

Z: Setif the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if both operands were of the same sign

andthe result is of the opposite sign; cleared otherwise

D: ADD, ADDL—unaffected; ADDB—cleared
H: ADD, ADDL—unaffected; ADDB—setif there is a carry from the mostsignificant

bit of the low-order four bits of the result; cleared otherwise

Source Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Re app na Be fopeowl[a] « fepeowpmpm] 4ADDB Rbd, Rbs

opined. ts Roferorva]am[ae] @ [lore]wm[aw] s
IM: ADD Rd,#datdata 00/000001 |0000| Rd 7 00/000001|0000/ Rd 7

data data

ADDB Rbd, #dat#data 00|000000|0000} Rd 7 00|000000/0000| Ra ;
data data data data

ADDL RRd, #data 90] 0101100000] ARd 00] 01011010000] RRd
31 data (high) 16 14 31 data (high) 16 14

15 data (low) 0 15 data (low) 0

IR: ADD Rd, @Rs!ADDR.ers! Feofoavadfwlmeca]ma] 7 [pefpoooejw[mra]we] 7
ADDLRRA,@Rs! Feofovorse[meco]wre] 14 [polororso[mece]ama] 14     
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Source Nonsegmented Mode Segmented Mode

Addressing |Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

DA: ADD Rd,address 01/00000/w| 0000] Rd 01/00000/W 0000| Rd
ADDB Rbd, address 9 ss 10

address o| segment offset

01/00000|w 0000| Rd
SL{1| segment 00000000 12

offset

ADDL RRd,address 01 010410|0000| RRd 01/ 010110 0000] RRd
15 S$ 16

address | segment offset

01]010110/0000| ARd

SL]1| segment 00000000 18

offset

xX: ADD Rd, addr(Rs)' 01/00000|w| Rs+0| Rd otlooooo|w RdADDBRbd, addr(Rs) | [w| Reo | 10 |ssto Jw Rezo 10
address | segment offset

o1/o000o|w Rs#0 | Rd

SL|1] segment 00000000 13

offset

ADDL RRd, addr(Rs)' 01|010110| Rs#0| RRd 01/010110] Rs+0{ RRd
[ Reso | 16 Iss | +0 | 16

address 0| segment offset

01/010110| Rs+0| RRd

SL|1] segment 00000000 19

offset

Example: ADD R2, AUGEND laugend A located at %1254!

Before instruction execution:

Memory R2 Flags

1252 CZSPVDH
1254/0644 czepdah

1256

After instruction execution:

Memory R2 Flags |

1252 CZSPIVDH
1254 ]o 644 o010dh
1256

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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ANDdst, src dst: R { :
ANDB src: R, IM, IR, DA, X

Operation: dst «- dst AND src

A logical AND operation is performed between the corresponding bits of the source
and destination operands, and the result is stored in the destination. A one bitis

stored wherever the corresponding bits in the two operands are both ones; otherwise
a zero bit is stored. The source contents are not affected.

Flags: C: Unaffected
Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise
P: AND — unaffected; ANDB — setif parity of the result is even; cleared otherwise
D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: AND Re, B eee] + foheonepepe) «
ANDB Rbd, Rs

IM: ANDRd, #data 00} 000111 |0000| Rd 7 o0{ 000111 |0000| Rd 7

data data

ANDB Rbd, édat#data aa|ac0110|c000] Ra 7 00}/0900110]0000| Ra

data data data data

IR: AND Rd, @Rs!anDRders [oofeoordwpeco]a] 7 ropewpeolee 7
DA: AND Rd,address 01/00011|w|0000| Rd 01/000114/w|0000| Rd

ANDBRbd,address | | | 1 9 Ss lw | 10
address | segment offset

01/0001 1|w o000| Rd

SL{1| segment [0000 0000 12

offset

X: ANDRd,addr(Rs) 01{00011|W| Rsz0| Rd 01/0001 1|W Rs#0| Rd
ANDBRbd,addr(Rs) 10 ss 10

address o| segment offset

o1/o0011|w| Rs#0{ Rd

SL|1| segment |0000 0000 13        offset
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Example: ANDB RL3, # %CE

Before instruction execution:

RL3 Flags

| 11100111 | CZSPVDH
ezs pdh

 

 

   

After instruction execution:

RL3 Flags

} 11000110 | CZSPVDH
co1i1dh

 

 

   

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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Bit Test

BIT dst, src dst: R, IR, DA, X
BITB src: IM

or

dst: R

src: R

Operation: Z<«NOTdst(src)

The specified bit within the destination operand is tested, and the Z flag is set to one
if the specified bit is zero; otherwise the Z flag is cleared to zero. The contents of the
destination are not affected. The bit number (the source) can be specified statically
as an immediate value, or dynamically as a word register whose contents are the bit
number. In the dynamic case, the destination operand must be a register, and the
source operand must be RO through R7 for BITB, or RO through R15 for BIT. The bit
numberis a value from 0 to 7 for BITB, or 0 to 15 for BIT, with 0 indicating the least
significant bit. Note that only the lower four bits of the source operand are used to
specify the bit number for BIT, while only the lower three bits of the source operand
are used for BITB.

Flags: C: Unaffected
Z: Set if specified bit is zero; cleared otherwise
S: Unaffected
V: Unaffected
D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: BIT Rd, bBITRdb epee] « Peperye] «
IR: BIT @Rd!, bBIT@Ral feohoorwre]>] & fpofoonwrol>] s
DA: BIT address, b TBITR addres, b 01/10011|w|0000| » 10 go ctoot o000/ b 4

address o| segment offset

01/10014/W o000/ b

SL}1| segment 0000 0000 13

offset

Xx: BIT addr(Ra), bBITE eddr{Ra), b o1{10011|W| Rds0| b 1 Iss! 10014|W| Rdx0| b "
address o| segment offset

01/10011|W| Rd#0 | b
SL 1| segment 0000 0000 14

offset        
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Nonsegmented Mode Segmented Mode

Addressing |Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: BIT Rd,RsBITE Rbd. Re 00/100114|/w| 0000] As 0 oo|10011/wjo000| Rs 10
0000] Rd 0000/0000 0000| Rd |0000/0000

Example: If register RH2 contains %B2 (10110010), the instruction

BITB RH2, #0

will leave the Z flag set to 1.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

6-17



 

 

 

 

CALL dst dst: IR, DA, X

Operation: Nonsegmented Segmented
SP « SP — 2 SP — SP - 4

@SP «+ PC @SP « PC

PC + dst PC < dst

The current contents of the program counter (PC) are pushed onto the top of the
processor stack. The stack pointer used is R15 in nonsegmented mode, or RR14in
segmented mode. (The program counter value used is the address of the first instruc-
tion byte following the CALL instruction.) The specified destination address is then
loaded into the PC and points to the first instruction of the called procedure.
At the end of the procedure a RET instruction can be used to return to original pro-
gram. RET popsthe top of the processor stack back into the PC.

Flags: Noflags affected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

 

 

 

 

   

 

 

      

 

 

 

 

   
 

 

 

 

 

        

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: |CALL ona! eofers[wa[oooe] |to |[poles]msJooes]| 15
DA: CALL address 01[011111 |0000,0000 04/0111411 0000/0000

12 Ss 18
address 0 | segment offset

01/011111 0000/0000
SL 1 segment 0000 0000 20

offset

X: CALL addr(Rd) 01/011111 | Rdz0 |o000 13 01/ 011111 Rs#0 |0000 18
address ss 0 | segment offset

01/011111 Rsz0 | 0000

SL 1| segment |0000 0000 21

oftset

Example: In nonsegmented mode,if the contents of the program counter are %1000 and the
contents of the stack pointer (R15) are %3002, the instruction

CALL %2520

causes the stack pointer to be decremented to %3000, the value %1004 (the address
following the CALLinstruction with direct address mode specified) to be loaded into
the word at location %3000, and the program counter to be loaded with the value
%2520. The program counter now points to the addressof the first instruction in the

procedure to be executed.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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CALR dst dst: RA

Operation: Nonsegmented Segmented

SP « SP - 2 SP «+ SP - 4

@SP <« PC @SP «+ PC
PC « PC — (2 x displacement) PC « PC-(2 x displacement)

The current contents of the program counter (PC) are pushed ontothe top of the
processor stack. The stack pointer used is R15 if nonsegmented, or RR14if
segmented. (The program countervalue usedis the address of the first instruction
byte following the CALRinstruction.) The destination address is calculated and then
loaded into the PC and points to the first instruction of a procedure.

At the end of the procedure a RET instruction can be usedto return to the original
program flow. RET pops the top of the processor stack back into the PC.

The destination address is calculated by doubling the displacementin the
instruction, then subtracting this value from the current value of the PC to derive the
destination address. The displacement is a 12-bit signed value in the range —2048 to
+2047. Thus, the destination address must be in the range —4092 to +4098 bytes
from the start of the CALR instruction. In segmented mode, the PC segment number
is not affected. The assembler automatically calculates the displacement by
subtracting the PC value of the following instruction from the address given by the
programmer.

Flags: Noflags affected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles _ Instruction Format Cycles

BS CALR caress [er]assicement 10 [xox]aestconen 15

Example: In nonsegmented mode,if the contents of the program counter are %1000 and the
contents of the stack pointer (R15) are %3002, the instruction

CALR PROC

causes the stack pointer to be decremented to %3000, the value %1004 (the address
following the CALR instruction) to be loaded into the word location %3000, and the
program counter to be loaded with the address of the first instruction in procedure
PROC.
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CLR dst dst: R, IR, DA, X
CLRB

Operation: dst « 0

The destination is cleared to zero.

Flags: Noflags affected.

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

 

 
 

 

   

 

 

      
 

 

 

 

   
 

 

 

 

 

        

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: CLR Rd
CERB. Rbd rojoorsolw]Rd[1000] 7 roloorsojw]Ra[1000]| 7

IR: CLR @Rdi
CIRB @Rdl jooloo1solw|Ra[1000] 8 joojoorrojw]Rd[1000|/ 8

DA: CLR addressCLRB adchoss 01/00110/w|0000|1000 4 Iss 01/00110;W| 0000/1000 12

address 0] segment offset

01/00110|w| 0000|1000

SL 1| segment 0000 0000 14

offset

xX: CLR addr(Rd)CLRB addr(Bd) 014|00110/Wy Ra+0 | 1000 2 Iss o1/o0110]w Rd+0}1000 42

address o|segment offset

01/00110/w/ Rdz0 |1000
SL 1| segment |0000 0000 15

offset

Example: If the word at location %ABBA contains 13, the statement

CLR %ABBA

will leave the value O in the word at location %ABBA.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.

 

6-20



  
 

 

 

 

 

 
 

 

   

 

 

      
 

 

 

 

   
 

 

 

 

 

       
 

Complement

COM dst dst: R, IR, DA, X

COMB

Operation: (dst + NOTdst)

The contents of the destination are complemented (one’s complement); all one bits
are changedto zero, and vice-versa.

Flags: C: Unaffected
Z: Set if the result is zero; cleared otherwise

S: Set if the most significant bit of the result is set; cleared otherwise
P: COM—unaffected; COMB—setif parity of the result is even; cleared otherwise

D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Rr COMRd fopperiaw[eaooeo] 7 [rofporsofwlna[eooe]| 7

mi: COMeat eopertalw]rafoo] 12 [oofporvolw[na[eooo]| 12
@

DA: COM address 01]00110|w/0000|0000 01/00110/w/ 0000/0000
COMBaddress 15 Ss 16

address o| segment offset

01]00110|W/ 0000/0000

SL|1] segment 0000 00G0 18
offset

X: COM addr(Rd) 01{001140/W| Rax0 | 0000 01|00110|w| Rdz0 |0000
COMBaddr(Rd) 16 Ss 16

address 0} segment offset

01|00110|Wj| Rdx0(0000

SL{1| segment |o000 0000 19
offset

Example: If register Rl contains %2552 (0010010101010010), the statement

COM Rl

will leave the value %DAAD (1101101010101101) in Rl.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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COMFLG
ComplementFlag
 

COMFLGflag Flag: C, Z, S, P, V

FLAGS(4:7) «- FLAGS (4:7) XOR instruction (4:7)
 

Operation: Any combination of the C, Z, S, P or V flags is complemented (each onebitis
changed to zero, and vice-versa). The flags to be complemented are encoded in a
field in the instruction. If the bit in the field is one, the corresponding flag is com-
plemented; if the bit is zero, the flag is left unchanged. Note that the P and flags
are represented by the same bit. There may be one, two, three or four operands in
the assembly language statement, in any order.
 

Flags: C: Complemented if specified; unaffected otherwise

Z: Complementedif specified; unaffected otherwise

S: Complementedif specified; unaffected otherwise
P/V: Complementedif specified; unaffected otherwise

D: Unaffected

H: Undefined
+

 

Assembler Language
Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles Instruction Format Cycles

 

 COMFLG sigs [roverieskzsewfores]

|

7

|

[reowrronRzsowforor]

|

7     
Example: If the C, Z, and S flags are all clear (=0), and the P flag is set (=1), the statement

COMFLG P, 5, Z, C

will leave the C, Z, and S flags set (= 1), and the P flag cleared ( =0).
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Compare Register
 

Operation:

CPdst, src
CPB
CPL

dst — src

dst: R
src: R, IM, IR, DA, X
or

dst: IR, DA, X
src: IM

The source operand is compared to (subtracted from) the destination operand, and
the appropriate flags set accordingly, which may then be used for arithmetic and

logical conditional jumps. Both operands are unaffected, with the only action being
the setting of the flags. Subtraction is performed by adding the two’s complementof
the source operandto the destination operand. There are twovariants of this instruc-
tion: Compare Register compares the contents of a register against an operand
specified by anyof the five basic addressing modes; Compare Immediate performs a

comparison between an operand in memory and an immediate value.
 

Flags: C: Cleared if there is a carry from the most significant bit of the result; set other-
wise, indicating a “borrow”

Z Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise

V: Set if arithmetic overflow occurs, that is, if both operands were of opposite signs
and the sign of the result is the same as the sign of the source; cleared otherwise

D: Unaffected
H: Unaffected
 

Compare Register
 

 

 

 

 

 

 

 

  
 

 

    

 

 

 

 

 

  
 

 

    

Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: CP Rd, R

CPB Rbd, Rbs rojooroijw]RsRa 4 |rojooroijw]rsra 4

OPL RRRRs fovea]wmTm] & folemoolmlm] s
IM: CP Rd, #data 00/001011|0000| Rd 7 00/001011|0000| Rd 7

data data

CPB Rbd, #data 00|001010|0000| Rd 7 00|001010|0000] Rd 7
data data data data

CPL RRd,#data 00|010000|0000| Ad 00|010000|0000| ra

31 data (high) 16 14 31 data (high) 16 14

15 data (low) 0 15 data (low) 0

IR: CP Rd,CPRa,el eoporodw[aco]ee] 7 [aoloorow[mco]ma] 7
CPL RR¢, @Rs! joforaooa[rer]wa] 14 [roloroooo[mro]ma] 1     
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Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

DA: CP Rd, address
CPB Rbd, address o1/o0104/w/0000| Rd 0 Iss o1{oo101;/w/oo00| Ra 10

address 0| segment offset

o1]00101]w| 0000] Rd
SL[1| segment [0000 0000 12

offset

CPL RRd, address 01 010000/0000| Rd 01] 010000 0000] Rd
15 $s 16

address 0| segment offset

01]010000/0000| Rad

SL 1/ segment |0000 0000 18

offset

Xx: CP Rd, addr(Rs)
‘ w] Rs#0| RdCPB Rbd, addr(Rbs) 01{/00101]w| Rsx0| Rd 10 Iss 01100101] s¥ | 40

address o| segment offset

01J00101|W| Rs+0| Rd

SL 4] segment 0000 0000 13

offset

CPL RRd, addr(Rs) 01/010000/Rs#0| Rd 011010000 |Rs¢0| Rd
[ [Rs #0] 16 |sst°1l 2¢0 | 16

address o| segment otfset

01|010000| Rs¥0| Rd

SL|1| segment [0000 0000 19
offset

Compare Immediate

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: CP @Rdl, #data’ ooj00110/W) Rd |0001 oojo0110/w) Rd |0001Joortojw| | 1“ Joortojw] | 4
data data

CPB @Rd!, édata
' ooloo110;w| Rd [0001 oolo0110;W| Rd joo01Torre Toone] 4, fewleorsfe Toons]    data
     data data    
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Mode Syntax Instruction Format Cycles Instruction Format Cycles

DA: -
CP address, #data 01/00110/w| 0000/0001 01/00110|W 0000/0001

address 14 ss 0] segment offset 15

data data

01/00110/w| 0000/0001

1] segment 0000 0000
si {tls 17

offset

data

CPB address, #data 01/00110|w|0000| 0001 01/00110|w 0000/0001
address 14 SSlo segment offset 15

data L data data data

01/00110/w 0000/0001

1 segment 0000 0000
SL | ses 17

atfset

data data

x: CP addr(Rd), #data 01[/00110/w|Rd #0] 0001 01/00110|w|Rd + 0/0001
address 15 SS|0| segment offset 15

data data

01]00110|w| Rdx o|0001

sit segment |0000 0000 18

offset

data

CPB addr(Rd), #data 01/00110|w| Rd¥0| 0001 o1/oo110|w Rdx0 |0001

address 15 SSI 0 segment offset 15

data [ data data data

01/00110/w| Rdx0 | 0001

SL 1 segment 10000 0000 18

offset

data | data

Example: If register R5 contains %0400, the byte at location %0400 contains 2, and the source
operand is the immediate value 3, the statement

CPB @R5,43
will leave the C flag set, indicating a borrow, the S flag set, and the Z and flags
cleared.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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Compare and Decrement
ite anni Sicaa ga “SN WSR sicisi See atte tee nt *

~~ “CPDdst,src, r, cc dst: R |
CPDB. src: IR

Operation: dst — src_
AUTODECREMENTsrc(by 1 if byte, by 2 if word)
R«+R-1

This instruction is used to search a string of data for an element meeting the
specified condition. The contents of the location addressed by the source register are
comparedto (subtracted from) the destination operand, andthe flag is set if the
condition code specified by “cc” would be set by the comparison; otherwise the Z
flag is cleared. See section 6.6.1 for a list of condition codes. Both operands are
unaffected.

The source register is then decremented by one if CPDB,or by two if CPD, thus
moving the pointer to the previous elementin the string. The word register specified
by “r” (used as a counter) is then decremented by one.

Flags: C: Undefined
Z: Set if the condition code generated by the comparison matches cc; cleared

otherwise
S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: CPD Rd, @Rs!, r, cc 1011101|W| Rs |1000 10111014|W| As |1000
CPDB Rbd, @Rs!, r, cc 20 20

oooo| +r Rd cc oooo| + Rd cc

‘Example: If register RHO contains %FF, register Rl contains %4001, the byte at location
%4001 contains %00, and register R3 contains 5, the instruction

CPDB_ RHO, @R1, R3, EQ

will leave the Z flag cleared since the condition code would not have been “equal.”
Register R1 will contain the value %4000 and R3 will contain 4. For segmented
mode, R1 must be replaced bya register pair.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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CPDR
Compare Decrement and Repeat
 

CPDRdst, src, r, cc dst: R

 

 

 

 

 
  

  

               

CPDRB src: IR

Operation: dst - src
AUTODECREMENTsrc (by 1 if byte; by 2 if word)
R«+R-]
repeat until cc is true or R = 0

This instruction is used to search a string of data for an element meeting the
specified condition. The contents of the location addressed by the source register are
comparedto (subtracted from) the destination operand, and the flag is set if the
condition code specified by “cc” would be set by the comparison; otherwise the Z

flag is cleared. See section 6.6.1 for a list of condition codes. Both operandsare
unaffected.

The source register is then decremented by one if CPDRB,or by two if CPDR, thus
moving the pointer to the previous elementin the string. The word register specified
“r”’ (used as a counter) is decremented by one. The entire operation is repeated until
either the condition is met or the result of decrementing r is zero. This instruction

can searcha string from | to 65536 bytes or 32768 words long (the value of r must
not be greater than 32768 for CPDR).

This instruction can be interrupted after each execution of the basic operation. The
program counter value of the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven more
cycles should be addedto this instruction’s execution time for each interrupt request
that is accepted.

Flags: C: Undefined
Z: Set if the condition code generated by the comparison matches cc; cleared

otherwise
S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?

IR: CPDR Rd, @Rs!, r, cc 1o11101|W| Rs [1100 1011101|W| Rs {1100
CPDRB Rhd, @Rs!, r, oc ooo0) + Rd cc "+9n oooo| + Rd cc "+9n

Example: If the string of wordsstarting at location %2000 contains the values 0, 2, 4, 6 and 8,
register R2 contains %2008, R3 contains 3, and R8 contains 8, the instruction

CPDR_ R3, @R2, R8, GT

will leave the Z flag set indicating the condition was met. Register R2 will contain the
value %2002, R3 will still contain 3, and R8 will contain 5. For segmented mode, a
register pair would be used instead of R2.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.

Note 2: n = number of data elements compared.
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Compare and Increment.
 

 

 

 

 

  

  

CPI dst, src, r, cc dst: R oe CY)
CPIB sre: IR , oo

Operation: dst — src
AUTOINCREMENDTsrc (by 1 if byte; by 2 if word)
r<«r-1

This instruction is used to search a string of data for an element meeting the
specified condition. The contents of the location addressed by the source register are
comparedto (subtracted from) the destination operand and the Z flag is set if the
condition code is specified by “cc'' would be set by the comparison; otherwise the Z
flag is cleared. See section 6.6.1 for a list of condition codes. Both operands are
unaffected.

The source register is then incremented by one if CPIB, or by two if CPI, thus
moving the pointer to the next element in the string. The word register specified by
“r’’ (used as a counter) is then decremented by one.

Flags C: Undefined
Z: Set if the condition code generated by the comparison matches cc; cleared

otherwise
S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: CPIBRodeRe!ce 1011101/w| Rs [0000 20 1011101|/w| Rs |0000 20

oooo| + Rd cc oooo| + Rd cc               
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Example: This instruction can be used in a “loop” of instruction that searches a string of data :
for an element meeting the specified condition, but an intermediate operation on

each data element is required. The following sequenceof instructions (to be

executed in non-segmented mode) “scans while numeric,”that is, a string is
searched until either an ASCII character not in the range “0” to “9” (see Appendix
C) is found, or the end of the string is reached. This involves a range check on each
character (byte) in the string. For segmented mode, Rl must be changed to a
register pair.

LD R3, 4STRLEN linitialize counter!
LDA Rl, STRSTART Noad start address!
LD RLO,#'9’ !largest numeric char!

LOOP:
CPB @R1,#'0' Itest char < ‘0’!
JR ULT,NONNUMERIC
CPIB RLO, @R1, R3, ULT ltest char > ‘0’!

JR Z, NONNUMERIC
JR NOV, LOOP lrepeat until counter = 0!

DONE:

NONNUMERIC: {handle non-numeric char!

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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CPIR
Compare, Increment and Repeat
 

 

 

 

 

  

  

CPIR dst, src, r, cc dst: R C 7
CPIRB src: IR

Operation: dst ~ sre
AUTOINCREMENTsrc(by 1 if byte; by 2 if word)
R<«R- 1
repeat until cc is true or R = 0

This instruction is used to search a string of data for an element meeting the
specified condition. The contents of the location addresses by the source register are
compared to (subtracted from) the destination operand, and the Z flag is set if the
condition code specified by “cc’”’ would be set by the comparison; otherwise the Z
flag is cleared. See Section 6.6.1 for a list of condition codes. Both operands are
unaffected.

The source register is then incremented by one if CPIRB, or by two if CPIR, thus
moving the pointer to the next element in the string. The word register specified by

“r(used as a counter) is then decremented by one. The entire operation is repeated
until either the condition is met or the result of decrementing r is zero. This instruc-
tion can search a string from | to 65536 bytes or 32768 words long (the value of r
must not be greater than 32768 for CPIR).

This instruction can be interrupted after each execution of the basic operation. The
program countervalueof the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven more
cycles should be added to this instruction’s execution time for each interrupt request
that is accepted.

Flags: C: Undefined
Z: Set if the condition code generated by the comparison matches cc; cleared

otherwise
S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?

IR: ,@Rs!, r,CPIRERialoer a 1o11101/W]| Rs j0100 4449n to1i401}w] Rs |0100 149n

oooo| Rd ce ooo0|+ Rd cc                
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Example:
ha” ae SARE oton.

The following sequence of instructions (to be executed in nonsegmented mode)can”
be usedto searcha string for an ASCII return character. Thepointer tothe startof |
the string is set, the string length is set, the character(byte)to be searchedforis

set, and then the search is accomplished. Testing the Z flag determines whether the
character was found. For segmented mode, R1 must be changed to a register pair.

LDA Rl, STRSTART
LD R3, 4STRLEN
LDB RLO, #% D !hex code for return is D!

CPIRB RLO, @R1, R3, EO
JR Z, FOUND

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n=numberof data elements compared.
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CPSD
CompareString andDecrement
 

 

CPSD dst, src, r, coo” dst: IR- .
CPSDB src: IR

Operation: dst — src
AUTODECREMENTdst and src (by 1 if byte; by 2 if word)
r«r-]

This instruction can be used to comparetwostrings of data until the specified condi-
tion is true. The contents of the location addressed by the source register are com-
pared to (subtracted from) the contents of the location addressed by the destination
register. The Z flag is set if the condition code specified by ‘“‘cc’”” would be set by the
comparison; otherwise the Z flag is cleared. See section 6.6.1 for a list of condition

codes. Both operands are unaffected.

The source and destination registers are then decremented by one if CPSDB, or by
two if CPSD, thus moving the pointers to the previous elements in the strings. The
word register specified by “r’’ (used as a counter) is then decremented by one.

Flags: C: Undefined
Z: Set if the condition code generated by the comparison matches cc; cleared

otherwise

S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

 

 

 

 
  

  

               

Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: CPSD @Rd!, @Rs!, r, cc 10111014/W| Rs [1010 1011101|W| Rs {1010
CPSDB @Rd!,@Rs!,r,cc 25 25

oooo| +r ra cc oooo] + Ra cc

Example: If register R2 contains %2000, the byte at location %2000 contains %FF, register R3
contains %3000, the byte at location %3000 contains %00, and register R4 contains
1, the instruction (executed in nonsegmented mode)

CPSDB @R2, @R3, R4, UGE

will leave the Z flag set to 1 since the condition code would have been “unsigned
greater than or equal”, and the V flag will be set to 1 to indicate that the counter R4
now contains 0. R2 will contain %1FFF, and R23 will contain %2FFF. For segmented

mode, R3 must be changed to a register pair.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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-CPSDR
Compare String, Decrement and Repeat
 

Spl te) MOERy Perks

 

 

 

 

  

  

CPSDRdst, src,r, cc dst: IR

CPSDRB src: IR

Operation: dst —src
AUTODECREMENTdst and src (by 1 if byte; by 2 if word)
r+r-]
repeat until cc is true orr = 0

This instruction is used to compare twostrings of data until the specified condition is
true. The contents of the location addressed by the source register are comparedto
(subtracted from) the contents of the location addressed by the destination register.
The Z flag is set if the condition code specified by “cc” would be set by the compar-
ison; otherwise the Z flag is cleared. See section 6.6.1 for a list of condition codes.

Both operands are unaffected.

The source and destination registers are then decremented by one if CPSDRB, or by
two is CPSDR, thus moving the pointers to the previous elements in the strings. The
word register specified by “r’’ (used as a counter) is then decremented by one. The
entire operation is repeated until either the condition is met or the result of decre-
menting r is zero. This instruction can compare strings from 1] to 65536 bytes or from

1 to 32768 words long (the value of r must not be greater than 32768 for CPSDR).

This instruction can be interrupted after each execution of the basic operation. The
program counterof the start of this instruction is saved before the interrupt request
is accepted, so that the instruction can be properly resumed. Seven more cycles
should be added to this instruction’s execution time for each interrupt request thatis
accepted.

Flags: C: Undefined
Z: Set if the conditon code generated by the comparison matchescc; cleared

otherwise

S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unatfected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: DR@Rdi,@Rs!CPSDRBORG!Ralce 1011101 |W Rs [1110] ls aan 1011101/W Re [1110] | san

oooo| + Rd cc oooo| + Rd cc                
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‘Example: If the words from location %1000 to %1006 contain the values 0, 2, 4, and 6, the
words from location %2000 to %2006 contain the values 0, 1, 1, 0, register R13 con-

tains %1006, register R14 contains %2006, and register RO contains 4, the instruc-

tion (executed in nonsegmented mode) ooo cy)

CPSDR @R13, @R14, RO, EQ , ;

leaves the Z flag set to 1 since the condition code would have been “equal” (loca-
tions %1000 and %2000 both contain the value 0). The V flag will be set to 1 indi-

cating r was decremented to 0. R13 will contain %OFFE, R14 will contain %1FFE,
and RO will contain 0. For segmented mode, R13 and R14 must be changed to
register pairs.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n=numberof data elements compared.

 

A-34



e
t

— CPSI
 

CompareString and Increment

CPSIdst, sre, r, co | dst: IR

 

 

 

 

  

  

CPSIB src: IR

Operation: dst - sre
AUTOINCREMENTdst andsrc (by 1 if byte, by 2 if word)
r«r- ]

This instruction can be used to compare twostrings of data until the specified condi-
tion is true. The contents of the location addressed by the source register are com-
pared to (subtracted from) the contents of the location addressed by the destination
register. The Z flag is set if the condition code specified by ‘“‘cc’”” would be set by the
comparison; otherwise the Z flag is cleared. See Section 6.6.1 for a list of condition
codes. Both operands are unaffected.

The source and destination registers are then incremented by one if CPSIB, or by
two if CPSI, thus moving the pointers to the next elements in the strings. The word
register specified by “r’’ (used as a counter) is then decremented by one.

Flags: C: Undefined
Z: Set if the condition code generated by the comparison matches cc; cleared

otherwise
S: Undefined
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: CPSI @Rdl ,@Rs!,r,cc 1011101|w| Rs |0010 1011101|w| Rs [0010
CPSIB @Rd!,@Rs!,r,cc 25 25

oo00| + Rd cc ooo0| + rd cc               
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Example: This instruction can be used in a “loop”of instructions which comparestwostrings

until the specified condition is true, but where an intermediate operation on each
data element is required. The following sequenceofinstructions, to be executed in

nonsegmented mode, attempts to match a given sourcestring to the destination on
string which is knownto contain all upper-case characters. The match should suc- (
ceed evenif the source string contains some lower-case characters. This involves a

forced conversion of the source string to upper-case (only ASCII alphabetic letters

are assumed, see Appendix C)by resetting bit 5 of each character (byte) to 0 before
comparison.

LDA R1, SRCSTART load start addresses!
LDA R2, DSTSTART

LD R3, #4STRLEN {initialize counter!

LOOP:
RESB @R1,#5 lforce upper-case!
CPSIB @R1,@R2, R3, NE !compare until not equal!
JR Z, NOTEQUAL lexit loop if match fails!
JR NOV, LOOP !repeat until counter = 0!

DONE: . Imatch succeeds!

NOTEQUAL: . Imatch fails!

For segmented mode, R1 must be changedto register pair.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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Operation:

CPSIR
Compare String, Increment and Repeat

CPSIRdst,src,r,cc dst: IR

CPSIRB src: IR

dst — sre
AUTOINCREMENTdst and src (by 1 if byte, by 2 if word)
r+r-]

repeat until cc is true orr = 0

This instruction is used to compare twostrings of data until the specified condition is
true. The contents of the location addressed by the source register are compared to
(subtracted from) the contents of the location addressed by the destination register.
The Z flag is set if the condition code specified by “cc’’ would be set by the com-
parison; otherwise the Z flag is cleared. See section 6.6.1 for a list of condition
codes. Both operands are unaffected. The source and destination registers are then
incremented by one if CPSIRB, or by two if CPSIR, thus moving the pointers to the
next elements in the strings. The word register specified by “r’’ (used as a counter)is
then decremented by one. The entire operation is repeated until either the condition
is met or the result of decrementing r is zero. This instruction can compare strings
from 1] to 65536 bytes or from | to 32768 words long (the value of r must not be
greater than 32768 for CPSIR).

This instruction can be interrupted after each execution of the basic operation. The
program counter value of the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven cycles
should be added to this instruction’s execution time for each interrupt request that is
accepted.

 

Flags: C: Undefined
: Set if the condition code generated by the comparison matches cc; cleared
otherwise

Undefined
Set if the result of decrementing r is zero; cleared otherwise
Unaffected
Unaffected

n
a

o
N

m
o
s

 

Addressing
Mode

Assembler Language
Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles? Instruction Format Cycles?

 

IR: CPSIR @Rd!,@Rs!,r,cc

CPSIRB @Rd!,@Rsl,r,cc

 
  

1011101|w| Rs [0110 1011101(wW| Rs [0110| 11444n |
oooo! r Rd ce 0000| r Ra cc
 114+14n 

        
      
 

Example: The following sequence of instructions can be used in nonsegmented mode to com-
pare twostrings of possibly different lengths, but at least one character (byte) long.
It determinesif the destination string is lexicographically greater than or equal to
the source string as determined by the ordering of the ASCII characterset (see
Appendix). Notice that the string “ABC” is greater than “AB”, and “AC”is greater
than “ABC”. The destination string is initially pointed to by R1, with its length in



 

bytes in R3. The sourcestringis initially pointed to by R2, with its length in bytes in

R4. To execute in segmented mode, R1 and R2 must be changedto register pairs.
te oan 4,

CP R3, R4 !find shortest length!
IR ULE, COMPARE _ cy
LD R3, R4 lif source is shorter,!
EX Rl, R2 Ithen swap pointers!

COMPARE:
CPSIRB @Rl, @R2, R3, ULT !compare while > =!
JR Z, FAIL

SUCCEED: . Idestination > = source!

FAIL: 'destination < source!

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.

Note 2: n = numberof data elements transferred.
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DAB
Decimal Adjust
 

 

 

 

 

 

 

 

 

DAB dst dst: R

Operation: dst « DA dst

The destination byte is adjusted to form two 4-bit BCD digits following an addition or
subtraction operation. For addition (ADDB, ADCB)or subtraction (SUBB, SBCB),
the following table indicates the operation performed:

Carry Bits 4-7 H Flag Bits 0-3. Number Carry
Before Value Before Value Added After

Instruction DAB (Hex) DAB (Hex) To Byte DAB

0 0-9 0 0-9 00 0

0 0-8 0 A-F 06 0

ADDB 0 0-9 1 0-3 06 0

ADCB 0 A-F 0 0-9 60 ]

0 9-F 0 A-F 66 l

0 A-F 1 0-3 66 ]

] 0-2 0 0-9 60 l

] 0-2 0 A-F 66 1

SUBB 0 0-9 0 0-9 00 0

SBCB 0 0-8 l 6-F FA 0

1 7-F 0 0-9 AO ]

] 6-F ] 6-F 9A 1

The operation is undefined if the destination byte was not the result of a valid addi-
tion or subtraction of BCD digits.

Flags: C: Set or cleared according to the table above
Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise
V: Unaffected
D: Unatfected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing| Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R:

 DAB Rb rofssooo0]Rajoooo}

|

§

|

|rojis0000]Rajoooo}

|

§     

 



 

Example: If addition is performed using the BCD values 15 and 27, the result should be 42.

The sum is incorrect, however, when the binary representations are added in the
‘destination location using standard binary arithmetic.

+0010 O1l1

0011 1100 = %3C

The DABinstruction adjusts this result so that the correct BCD representation is

obtained.

0011 1100
+ 0000 0110

0100 0010 = 42

 



 

 

 

 

 

 
 

 

   

 

 

      
 

 

 

 

 

 

 

 

 

 

 

       
 

Decrement

DECdsi, src dst: R, IR, DA, X

DECB src: IM

Operation: dst « dst — src (where src = ! to 16)

The source operand (a value from | to 16) is subtracted from the destination operand
and the result is stored in the destination. Subtraction is performed by adding the
two's complement of the source operand to the destination operand. The source
operand may be omitted from the assembly language statement and defaults to the
value 1, .

The sourcefield in this instruction format contains the source operand n. The coding
for n ranges from 0 to 15, which corresponds to the source values
1 to 16.

Flags: C: Unaffected
Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise

V: Set if arithmetic overflow occurs, that is, if the operands were of opposite signs,
andthe sign of the result is the same as the sign of the source; cleared otherwise.

D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: DEC Rd,DECRa,én Popeyet=] «| Papeetete] 4

Hf DEG aha. fn foofroresfw[racoT= 11 [pofrerosfw[raroT 11
DECB @Rd], #n

DA: DEC address,fn o1]10101/w] 0000] 1 o1l10101/w/o000! on
DECB address, n 13 Ss 14

address 0} segment oftset

01/10104]W 9000| n

St[1| segment |o000 0000 16

oftset

X: DEC addr(Rd), #n' 01/10101/w| Rd#0 01/10101/W| Rd#0
DECB adar(Rd), #n [ [wi Raxo| 14 {sg f2tlore7|w| Razoo 14

address o| segment offset

01/10101/W Rd#0| n

SL|1| segment 0000 0000 17
offset

Example: If register R10 contains %002A, the statement

DEC R10

will leave the value %0029 in R10.
 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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DI Privileged Instruction

 

Disable Interrupt

Di Int Int: VI, NVI

Operation: If instruction (0) = 0 then NVI < 0
If instruction (1) = 0 then VI + 0

Any combination of the Vectored Interrupt (VI) or Non-Vectored Interrupt (NVI)
control bits in the Flags and Control Word (FCW)are cleared to zero if the cor-

respondingbit in the instruction is zero, thus disabling the appropriate type of inter-
rupt. If the corresponding bit in the instruction is one, the control bit will not be
affected. All other bits in the FCW are not affected. There may be one or two
operands in the assembly language statement, in either order.
 

 

 

 

      

Flags: Noflags affected.

Nonsegmented Mode Segmented Mode
Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

DI in Pore[ooaoeo] 7 [exeofeoooon] 7

Example: If the NVI and VI control bits are set (1) in the FCW, the instruction:

DI VI

will leave the NVI control bit in the FCW set (1) and will leave the VI control bit in
the FCW cleared (0).
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DIV dst,src dst: R
DIVL src: R, IM, IR, DA, X

Word:(dst is register pair, src is word register):
dst (0:31) is divided by src (0:15)
(dst (0:31) = quotient x src (0:15) + remainder)

dst (16:31) « quotient
dst (0:15) « remainder

Long: (dst register quadruple, sr is register pair):
dst (0:63) is divided by sre (0:31)

(dst (0:63) = quotient x src (0:31) + remainder)
dst (32:63) «- quotient

dst (0:31) «< remainder

The destination operand (dividend) is divided by the source operand(divisor), the

quotient is stored in the low-order half of the destination and the remainderis stored
in the high-orderhalf of the destination. The contents of the source are not affected.
Both operandsare treated as signed, two’s complementintegers and division is per-
formed so that the remainderis of the same sign as the dividend. For DIV, the
destination is a register pair and the source is a word value; for DIVL, the destina-
tion is a register quadruple and the sourceis a long word value.

There a four possible outcomesof the Divide instruction, depending on the division,
and the resulting quotient:

CASE 1. If the quotient is within the range -2!5 to 2!5 — 1 inclusive for DIV or
-231 to 231 — 1 inclusive for DIVL, then the quotient and remainderareleft in the
destination register as defined above, the overflow and carry flags are cleared to
zero, and the sign and zero flags are set according to the value of the quotient.

CASE 2. If the divisor is zero, the destination register remains unchanged, the
overflow and zero flags are set to one and the carry andsign flags are cleared to
zero.

CASE 3. If the quotient is outside the range -2!6 to 216-1 inclusive for DIV or -282
to 232 —] inclusive for DIVL, the destination register contains an undefined value,
the overflow flag is set to one, the carry and zero flags are cleared to zero, and the
sign flag is undefined.

CASE 4. If the quotient is inside the range of case 3 but outside the range of case
1, then all but the sign bit of the quotient and all of the remainderare left in the
destination register, the overflow and carry flags are set to one, and the sign and
zero flags are set accordingto the value of the quotient. In this case, the sign flag
can be replicated by subsequent instruction into the high-order half of the destina-
tion to produce the two’s complement representation of the quotient in the same
precision as the original dividend.
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Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles2 Instruction Format Cycles?y'

Rr DIV RRa, Rs Jiofoiiois|rsRa jroforsois]rsRa

pwenas.se Gforrere]me[a Plree)ee
IM: DIV RRd,#data 00/011011/0000| Rd 00/011011/0000/ Rd

data data

DIVL ROd, i#data 00/.011010|0000| Rd 00/.011010/0000| Rd

31 data (high) 16 31 data (high) 16

15 data (low) 0 15 data (low) 0

PRE DIV BRA, @Re foofortors[nero]Fe fooforsors[evo]fa
DIVE. ROd, @Rs! joo}o11010|Rszo|Rd joofortoto|Rs+o]Rd

DA: DIV RRd, address 01{011011|0000| Ra 5s 01/011011|0000| Ra

address 0| segment offset

01] 011011 0000] Rd

SL 1| segment {0000 0000

offset

DIVL ROD, address 01 0110100000] Rd 5s 01] 011010 0000| Rd

address o| segment offset

01] 011010|0000| Rd

SL 1| segment 0000 0000

offset

x: DIV RRd, addr(Rs) 01] 011011 | Rsz0| Rd Ss 01] 0110114 Rsz0| Rd

address 0| segment offset

04] 011044 Rs +0| Rd

SL|1| segment |0000 0000

offset

DIVL RQd, addr(Rs) 01/011010| Rsz0| Rd ss 01[011010| Rs+0| Rad

address o| segment offset

01/ 011010 Rs#0| Rd

SL 1| segment 0000 0000

offset      
   

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: Execution times for each instruction are given in the table under Example.

6-44



 

C: Setif V is set and the quotient lies in the range from ~2!6 to 216-—] inclusive for
DIV orin the range from -232 to 232-1 inclusive for DIVL; cleared otherwise

: Set if the quotient or divisor is zero; cleared otherwise. . .

S: Undefined if V is set and C is clear (overflow); otherwise set if the quotient is
negative, cleared if the quotient is non-negative.

V: Set if the divisor is zero or if the computed quotient lies outside the range from
~215 to 215-1 inclusive for DIV or outside range from -23! to 231-1 inclusive
for DIVL; cleared otherwise

D: Unaffected
H: Unaffected

 

Example: The following table gives the DIV instruction execution times for word and long
word operandsin all possible addressing modes.
 

 

 

 

src Word Long Word

NS SS SL NS SS SL
R 107 744
IM 107 744

IR 107 107 107 744 744 744

DA 108 ~=109 lll 745 746 748
Xx 109 109 112 746 746 749

(Divisor is zero)

R 13 13 13 30 30 30
IM 13 13 13 30 30 30
IR 13 13 13 30 30 30
DA 14 15 17 31 32 34
X 15 \S 18 32 32 35
 

(Absolute value of the high-order half of the dividend is larger than the
absolute value of the divisor)
 

R 25 25 25 51 51 $1
IM 25 25 25 51 51 51
IR 25 25 25 51 51 Sl
DA 26 27 29 92 33 55

xX 27 27 30 53 53 56
 

Note that for proper execution, the “dst field’ in the instruction format encoding
must be even for DIV, and must be a multiple of 4 (0, 4, 8, 12) for DIVL.If the
source operand in DIVLis a register, the “src field’ must be even.

If register RRO (composed of word register RO and R1) contains %00000022 and
register R3 contains 6, the statement

DIV RRO,R3

will leave the value %00040005 in RRO (R1 contains the quotient 5 and RO contains

the remainder 4).
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DINZ

 

Decrement andJump if Not Zero
 

Operation:

DJNZ RB, dst
DBJNZ dst: RA

R+R- 1
IfR # O then PC « PC — (2 x displacement)

The register being used as a counter is decremented. If the contents of the register
are not zero after decrementing, the destination address is calculated and then
loaded into the program counter (PC). Control will then pass to the instruction
whose address is pointed to by the PC. When the register counter reaches zero, con-
trol falls through to the instruction following DJNZ or DBJNZ. This instruction pro-
vides a simple method of loop control.

The relative addressing mode is calculated by doubling the displacement in the
instruction, then subtracting this value from the updated value of the PC to derive
the destination address. The updated PC value is taken to be the addressof the
instruction byte following the DJNZ or DBJNZ instruction, while the displacementis a
7-bit positive value in the range 0 to 127. Thus, the destination address must be in
the range -252 to 2 bytes from the start of the DJNZ or DBJNZ instruction. In the
segmented mode, the PC segment numberis not affected. The assembler automatic-
ally calculates the displacement by subtracting the PC value of the following instruc-
tion from the address given by the programmer. Note that DJNZ or DBJNZ cannot be
usedto transfer control in the forward direction, nor to another segmentin
segmented mode operation.

 

Flags: Noflags affected

 

Destination

Addressing

Mode
Assembler Language

Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles Instruction Format Cycles

 

RA:

 
DJNZ R, displacement aaa]

+

[wldisp

|

14 1111]or[wldisp

|

14
DBINZ Rb, displacement     
 

Example: DJNZ and DBJNZ are typically used to control a “loop” of instructions. In this exam-
ple for nonsegmented mode, 100 bytes are moved from one buffer area to another,
and the sign bit of each byte is cleared to zero. Register RHO is used as the counter.

LDB RHO,#100 linitalize counter!
LDA Rl, SRCBUF !load start address!

LDA R2, DSTBUF
LOOP:

LDB RLO,@Rl !load source byte!
RESB RLO, #7 {mask off sign bit!
LDB @R2, RLO Istore into destination!
INC Rl ladvance pointers!

INC R2
DBJNZ RHO, LOOP !repeat until counter = 0!

NEXT:

For segmented mode, Rl and R2 must be changed forregister pairs.
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Privileged Instruction EI
Enable Interrupts
 

El int

Operation: If instruction (0)

If instruction (1)

Int: VI, NVI

0 then NVI «< 1

0 then VI < 1

Any combination of the Vectored Interrupt (VI) or Non-Vetored Interrupt (NVI) con-
trol bits in the Flags and Control Word (FCW)areset to oneif the corresponding bit
in the instruction is zero, thus enabling the appropriate type of interrupt. If the cor-
responding bit in the instruction is one, the control bit will not be affected. All other
bits in the FCW are not affected. There may be one or two operands in the assembly
language statement, in either order.
 

 

 

 

      

Flags: No flags affected

Nonsegmented Mode Segmented Mode
Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

EL it Periofooooi] 7 [eneofoooooyy] 7

Example: If the NVI contol bit is set (1) in the FCW, and the VI control bit is clear (0), the

instruction

EI VI

will leave both the NVI and VI control bits in the FCW set (1)
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EX dst, src

 

 

 

 

 
 

 

   

 

 

      
 

 

 

 

 

 

 

 

 

 

 

       
 

dst: R i 4
EXB src: R, IR, DA, X

Operation: tmp < src (tmp is a temporary internal register)

src « dst
dst < tmp

The contents of the source operand are exchanged with the contents of the destina-
tion operand.

Flags: Noflags affected

Source Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: EX Rd, Rs
EXB Rbd, Rbs rolrovtojw]rsra 6 rojrorsojw|rsrd 6

mR:

|

Bx Ra, ne eoporwferelee]

|

12

|

frofendwpeco]ma

]]

12EXB Rbd, @Rsl

DA: EX Rd, address
EXB Rbd, address 01/10110/wW|0000| Rd 15 {ss 01/10110|W o000| Rd 16

address 0| segment offset

01]10110|w/ 0000] Rd

SL 1| segment |0000 0000 18
offset

X: EX Rd, addr(Rs): 1140110|/W| Rs#0| Rd 01/10110/W/ Rsz0| RdEXB Rbd, addr(Rs) 0] [w| revo | 16 |ss{otl [w| rsxo | 16
address o| segment offset

01/10140|w/| Rsz0 | Rd
SL 1 segment |0000 0000 19

offset

Example: If register RO contains 8 and register R5 contains9, the statement

EX R0O,R5

will leave the values 9 in RO, and 8 in R5. The flags will be left unchanged.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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Extend Si

3

gns

 

 

 

 

 

 

     
 

EXTSB dst. dst: R
_ EXTS |
EXTSL

Operation: Byte
if dst (7) = 0 then dst (8:15) « 000...000

else dst (8:15) « 111...1]]

Word
if dst (15) = 0 then dst (16:31) < 000...000

else dst (16:31) « 111...111

Long
if dst (31) = 0 then dst (32:63) <« 000...000

else dst (32:63) « 111...111]

The sign bit of the low-order half of the destination operand is copied into allbit
positions of the high-order half of the destination. For EXTSB, the destination is a
word register; for EXTS, the destination is a register quadruple.

This instruction is useful in multiple precision arithmetic or for conversion of small
signed operands to larger signed operands (as, for example, before a divide).

Flags: Noflags affected

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: Exts@ Re fafrveoor]waJoovo] 11 ofvvooor]me[ooo] 1
Pers CEDERCEENEXC RCEEC
EXTSL RO fafmooes]mefore] | | fofioorwefora] |

Example: If register pair RR2 (composed of word registers R2 and R3) contains %12345678,
the statement

EXTS RR2

will leave the value %00005678 in RR2 (because the sign bit of R3 was 0).

FAQ



HALT
Hait

Privileged Instruction

 

 

 

 

 

Operation: The CPU operation is suspended until an interrupt or reset request is received. This ry

instruction is used to synchronize the Z8000 with external events, preservingits state
until an interrupt or reset request is honored. After an interrupt is serviced, the

instruction following HALT is executed. While halted, memoryrefresh cycles will
still occur, and BUSREQ will be honored.

Flags: No flags affected

Nonsegmented Mode - Segmented Mode
Assembler Language

Syntax Instruction Format Cycles! Instruction Format Cycles!

HALT [oriivore[eowoeeee] e+an| [oriiveve[eoaoa00e] o+sn     
 

Note 1: Interrupts are recognized at the end of each 3-cycle period; thus n = numberof periods without

interruption.
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Privileged Instruction IN

(SEN)
(Special) Input
 

IN dst, src dst: R

INB src: IR, DA

SIN dst, src dst: R

SINB src: DA

Operation dst «- sre

The contents of the source operand, an Input or Special Input port, are loaded into
the destination register. IN and INB are used for normal I/O operation; SIN and
SINB are used for Special I/O operation.

 

 

 

 

 
 

 
 

           
 

Flags: Noflags affected

Source Nonsegmented Mode Segmented Mode

Addressing| Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: IN Rdl, @R
INB Rid, @Rs oolsaizojw]Asrd 10 foolrstso[w]rsra 10

DA: IN Rd,portINB Rbd, port ool11104/w| Rd [o10S 12 ool11101/w| Ra |o10S 12
port port

SIN Rd, port

SINB Rbd, port

Example: If register R6 contains the I/O port address %0123 and the port %0123 contains

%FF, the statement

INB RH2, @R6

will leave the value %FF in register RH2.

 

Note 1. Word register in nonsegmented mode;register pair in segmented mode.
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Increment
 

 

 

 

 

 
 

 

   

 

 

      
 

 

 

 

   
 

 

 

 

 

        

INC dst, src dst: R, IR, DA, X t
INCB src: IM

Operation: dst « dst + src (src = | to 16)

The source operand (a value from | to 16) is added to the destination operand and
the sum is stored in the destination. Two's complement addition is performed. The

source operand may be omitted from the assembly language statement and defaults
to the value 1.

The source field in the instruction format contains the source operand n. The coding
for n ranges from 0 to 15, which correspondsto the source values | to 16.

Flags: C: Unaffected
Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if both operands were of the same

sign, and the result is the opposite sign; cleared otherwise

D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: INC Rd, #nINCB Rod, gn rojroroojw]ada 4 rofroroojw)rain 4

IR: INC @Rd!,INC@Ral.fo eororoowpaco]e 1 [eofreroalwfaco]= 1
DA: INC address, #nINCE address’ gn 01]10100|w/o000| n 13 |ss o1|10100/w/o000/ ni 44

address 0| segment offset

01/10100|w/o000| a
SL 1| segment |0000 0000 16

offset

X: INC addr({Rd), #nINCB addy(Ra). gn 01/10100|W|Rax0| on a ss o1|10100|W Ravo| on 14
address 0; segment offset

o1/10100|w| Rdz0| on

SL]1| segment 0000 0000 17

offset

Example: If register RH2 contains %21, the statement

INCB RH2,#6

will leave the value %27 in RH2.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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Privileged Instruction

 

 

 

 

 

 

 
 

 

       
 

 

      

  

IND dst, src, r dst: IR
INDB src: IR
SIND oo
SINDB ve

Operation: dst <— src
AUTODECREMENTdst(by 1 byte, by 2 if word)
r<«r- 1

This instruction is used for block input of strings of data. IND and INDBare used for
normal I/O operation; SIND and SINDBare used for special I/O operation. The con-
tents of the I/O port addressed by the source word register are loaded into the

memory location addressed by the destination register. I/O port addresses are 16
bits. The destination register is then decremented byoneif a byte instruction or by
two if a wordinstruction, thus moving the pointer to the previous element of the
string in memory. The word register specified by “r’’ (used as a counter) is then
decremented by one. The addressof the I/O port in the source register is
unchanged.

Flags: C: Unaffected
Z: Unaffected
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing| Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: IND @Rd!, @Rs,r 0011101|W Rs |100S 0011101|W Rs |100S
INDB @Rd!, @Rs, r 21 21oooo| + Rd |1000 oo00; + Rd |1000
SIND @Rd1l, @Rs, r

SINDB @Rdl, @Rs, r

Example: In segmented mode,if register RR4 contains %02004000 (segment 2, offset %4000),
register R6 contains the I/O port address %0228, the port %0228 contains %05B9,
and register RO contains %0016, the instruction

IND @RR4, @R6, RO

will leave the value %05B9 in location %02004000, the value %02003FFE in RR4,
and the value %0015 in RO. The V flag will be cleared. Register R6 still contains the
value %0228. In nonsegmented mode, a word register would be usedinstead of

RR4.

 

Note 1: Word register in nonsegmenied mode,register pair in segmented mode.
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INDR
(SINDR)

Privileged Instruction

 

(Special) Input, Decrement and Repeat

 

 

 

 

 

 

     

 

 

     

INDR dst, src, r dst: IR CY
INDRB src: IR .
SINDR
SINDRB

Operation: dst < src
AUTODECREMENTdst (by 1 if byte, by 2 if word)
r«r-]
repeat untilr = 0

This instruction is used for block input of strings of data. INDR and INDRB are used

for normal I/O operation; SINDR and SINDBRBare used for special I/O operation.
The contents of the I/O port addressed by the source word register are loaded into
the memory location addressed by the destination register. I/O port addresses are 16
bits. The destination register is then decremented byoneif a byte instruction, or by
two if a word instruction, thus moving the pointer to the previous elementof the
string in memory. The word register specified by “r’” (used as a counter) is then
decremented by one. The address of the I/O port in the source registeris
unchanged. The entire operation is repeated until the result of decrementing r is
zero. This instruction can input from | to 65536 bytes or 32768 words(the value for r
must not be greater than 32768 for INDR or SINDR).

This instruction can be interrupted after each execution of the basic operation. The

program counter valueof the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven more
cycles should be added to this instruction’s execution time for each interrupt request
that is accepted.

Flags: C: Unaffected
Z: Undefined

S: Unaffected
V: Set

D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

TR: INDEDGna) One7 0011101|W Rs [1008] |. son 0011101|W Rs |100S i1440n

SINDR @Rdl, @Rs,r oooo0| +r Rd [0000 oo00| + ra |oooo
SINDRB @Rad!, @Rs, r     
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Example:

LRTAs BR D4 % _ ee en ee
we PB aCe ke,

If register Rl contains (202A, register R2 contains the Special VO address %OAFC,
and register R3 contains 8, the instruction

SINDRB @Rl, @R2, R3

will input 8 bytes from the special I/O port OAFC and leave them in descending

order from %202A to %2023. Register Ri will contain %2022, and R3 will contain 0.
R2 will not be affected. The V flag will be set. This example assumes nonsegmented
mode; in segmented mode, R1 would be replaced by a register pair.

 
Note i: Word register in nonsegmented mode,register pair in segmented mode.

Note 2: n = numberof data elements transferred.
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INI
(SINI)

Privileged Instruction

(Special) Input and Increment
 

 

 

 

 

 
 

 

       
 

 

        

INI dst, sro, r dst: IR | ry)
_ INIB src: IR
SINI
SINIB

Operation: dst «- src
AUTOINCREMENTdst (by 1 if byte, by 2 if word)
r«r- 1

This instruction is used for block input of strings of data. INI, INIB are used for nor-
mal I/O operation; SINI, SINIB are used for special I/O operation. The contents of
the I/O port addressed by the source word register are loaded into the memoryloca-
tion addressed by the destination register. I/O port addresses are 16 bits. The
destination register is then incremented by oneif a byte instruction, or by two if a
word instruction, thus moving the pointer to the next elementof the string in
memory. The wordregister specified by “r’’ (used as a counter) is then decremented
by one. The address of the I/O port in the source register is unchanged.

Flags C: Unaffected
Z: Undefined
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: INIBGalGast 0011101 |W Rs |000S ot 0011101|W Rs |o00S 2

SINI @Rdl, @Rs,r oooo| + Rd |1000 oooo| + Rd {1000

SINIB @Rdl, @Rs, r

Example: In nonsegmented mode,if register R4 contains %4000, register R6 contains the I/O
port address %0229, the port %0228 contains %B9, and register RO contains %0016,
the instruction

INIB @R4, @R6, RO

will leave the value %B9 in location %4000, the value %4001 in R4, and the value
%0015 in RO. Register R6 still contains the value %0229. The V flag is cleared. In
segmented mode, R4 would be replaced by a register pair.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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Privileged Instruction INIR

(SINIR)
(Special) Input, Increment and Repeat
 

 

 

 

INIR dst, src, r dst: IR

INIRB src: IR
SINIR
SINIRB

Operation: dst « src
AUTOINCREMENTdst(by 1 if byte, by 2 if word)
re+r-—]
repeat untilr = 0

This instruction is used for block input of strings of data. INIR and INIRB are used
for normal I/O operation; SINIR and SINIRB are used for special I/O operation. The
contents of the I/O port addressed by the source word register are loaded into the
memory location addressed by the destination register. I/O port addresses are 16
bits. The destination register is then incremented by oneif a byte instruction, or by
two if a wordinstruction, thus moving the pointer to the next elementin thestring.

The word register specified by “r’ (used as a counter) is then decremented by one.
The addressof the I/O port in the source register is unchanged. The entire operation
is repeated until the result of decrementing r is zero. This instruction can input from
1 to 65536 bytes or 32768 words (the value for r must not be greater than 32768 for
INIR or SINIR).

This instruction can be interrupted after each execution of the basic operation. The
program counter value of the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven more
cycles should be addedto this instruction’s execution time for each interrupt request

that is accepted.

Flags: C: Unaffected . °
Z: Unaffected
S: Unaffected
V: Set
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

 

 

 

 

 

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: INIR @Rd, @Rs, r 0011101|w| Rs |000S 0011101|w| Rs [000s
INIRB @Rdl, @Rs, r 114+10n 11+10n
SINIR @Rdl, @Rs, r oooo| + Rd [0000 ooo0| + Rd |0000 SINIRB @Rd!, @Rs, r
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”

Example:

a

In nonsegmented nmode, if register Rl contains5 %2023, register R2 contains the I/O
port address %0551, and registerR3 contains 8, the statement

INIRB © @R1, ‘@R2, R3

will input 8 bytes from port %0051 and leave them in ascending order from %2023

to %202A. Register R1 will contain %202B, and R3 will contain 0. R2 will not be
affected. The V flag will be set. In segmented mode, a register pair must be used
instead of Rl.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.

Note 2: n = numberof data elements transferred.
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Privileged Instruction
IRET
 

 

 

 

 

      

Interrupt Return

IRET

Operation: Nonsegmented Segmented
SP « SP + 2 (Pop “identifier”) SP « SP + 2 (Pop “identifier’’)
PS < @SP PS « @SP
SP «— SP + 4 SP « SP + 6

This instruction is used to return to a previously executed procedure at the end of a
procedure entered by an interrupt or trap (including a System Call instruction).
First, the “identifier’’ word associated with the interrupt or trap is popped from the
system processor stack and discarded. Then contents of the location addressed by
the system processor stack pointer are popped into the program status (PS), loading
the Flags and Control Word (FCW)and the program counter (PC). The new value
of the FCW is not effective until the next instruction, so that the status pins will not
be affected by the new control bits until after the IRET instruction execution is com-
pleted. The next instruction executed is that addressed by the new contents of the
PC. The system stack pointer (R15 if nonsegmented, or RR14 if segmented) is used to
access memory.

Flags: C: Loaded from processor stack
Z: Loaded from processor stack
S: Loaded from processor stack
P/V: Loaded from processor stack

D: Loaded from processor stack
H: Loaded from processor stack

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IRET 1a [errors[oooovove] 16

Example: In the nonsegmented Z8002 version, if the program counter contains %2550, the
system stack pointer (R15) contains %3000, and locations %3000, %3002 and %3004
contain %7FO03, a saved FCW value, and %1004, respectively, the instruction

IRET

will leave the value %3006 in the system stack pointer and the program counter will
contain %1004, the address of the next instruction to be executed. The program
status will be determined by the saved FCW value.



Jump
 

 

 

 

 

 

  

 
 

  
 

 

 

 

 

 

  

  

  
  

 

          
 

JP cc, dst ds: IR,DA,X= oN
; oO { 3

Operation: If cc is satisfied, then PC < dst

A conditional jump transfers program control to the destination address if the condi-
tion specified by “cc”’ is satisfied by the flags in the FCW. Seesection 6.6.1 for list
of condition codes. If the condition is satisfied, the program counter (PC) is loaded
with the designated address; otherwise, the instruction following the JP instruction is
executed.

Flags: Noflags affected

Destination . Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?

IR: Peo, anal feolorielaaso]| wor [polersvelaaro]co 157
DA: JP ce, address 01/011110/0000| cc 01]011110/0000| cc

7I7 SS 8/8
address 0| segment offset

01]011110/0000| ce
SL]1| segment 0000 0000 10/10

offset

x: JP cc, addr(Rd) 01/011110| Rdx0{ ce ga |ssf0tLotttt9 Rd#0| cc 44/44
address o| segment offset

01/011110| Rdx0| cc

SL]1| segment {0000 oooo|| 11/11

offset

Example: If the carry flag is set, the statement

JP C, %1520

replaces the contents of the program counter with %1520, thus transferring control

to that location.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: The two values correspond to jump taken and jump not taken.
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Operation:

JR cc, dst dst: RA

_Jump Relative

 

if cc is satisfied then PC « PC + (2 x displacement)

A conditional jump transfers program control to the destination address if the condi-
tion specified by “cc” is satisfied by the flags in the FCW. See section 6.6.1 for a list
of condition codes. If the condition is satisfied, the program counter (PC) is loaded
with the designated address; otherwise, the instruction following the JR instruction is

executed. The destination address is calculated by doubling the displacement in the
instruction, then adding this value to the updated value of the PC to derive the
destination address. The updated PC valueis taken to be the address of the
instruction byte following the JR instruction, while the displacementis a 8-bit signed
value in the range -128 to +127. Thus, the destination address must be in the range
-254 to +256 bytes from the start of the JR instruction. In the segmented mode, the
PC segment numberis not affected.

The assembler automatically calculates the displacement by subtracting the PC value
of the following instruction from the address given by the programmer.

 

Flags: No flags affected

 

Destination

Addressing

Mode
Assembler Language

Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles Instruction Format Cycles

 

RA:

 FR ce, address aro]ee [aepecomen] 6 [ro]ee[aspacenen] 6    
 

Example: If the result of the last arithmetic operation executed is negative, the following four
instructions (which occupya total of twelve bytes) are to be skipped. This can be
accomplished with the instruction

JR MI,$ +14

If the S flag is not set, execution continues with the instruction following the JR.

A byte-saving form of a jump to the label LABis

JR LAB

where LAB must be within the allowed range. The condition code is “blank” in this
case, and indicates that the jump is always taken.
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Load
 

*~
..

 

LD dst, src dst: R
LDB src: R, IR, DA, X, BA, BX

LDL

or
dst: IR, DA, X, BA, BX

src: R

or
dst: R, IR, DA, X
src: IM

Operation: dst + src

The contents of the source are loaded into the destination. The contents of the source

are not affected.

There are three versions of the Load instruction: Load into a register, load into

memory and load an immediate value.

Flags: Noflags affected
 

Load Register
 

 

 

 

 

  
 

 

 

   

 

 

 

 

   
 

 

 

 

 

   

Source Nonsegmented Mode Segmented Mode
Addressing] Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R:
DBRbd,Rbs fofoooopw]asra] 3 [rofroooolw]rsra 3
LDL. RRG, Fs fooltee] s [olewefam[aa]! s

fire!= pafoeowperpa] 7 fofeoowlerpel] 7
LDL Ra. @Rs! oforavso[aretae] 11 [olererolarolae]] 1

DA: PDBbdcehhocs 01{10000|w|0000| Rd o Iss a1j/10000|w/o000| Rd 40

address 0 | segment offset

011 0000|w 0000) Rd

SL 1| segment 0000 0000 12

offset

LDL RRd,address 04] 010100| 0000, RRd 01].010100/0000| RRd
12 ss 13

address o| segment offset

01)010100 |0000| RRd

SL 1| segment 0000 0000 15

offset        
 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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Load Register (Continued)
 

 

 

 

 

   

 

 

   

 

 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

       
 

 

 

 

 

   

 

 

 

 

 

Source Nonsegmented Mode Segmented Mode
_ Addressing} Assembler Language

*) Mode Syntax Instruction Format Cycles Instruction Format Cycles

xX: LD Rd, addr(Rs): 01}10000|W\ Rs#0| RdLDB Rbd, addr(Re) | |W] | 10 Iss 01}10000|w| Rs#0| Ra 0
address o| segment offset

o1|10000|w Rs*0| Rd
SL{1| segment 0000 0000 13

oftset

LDL RRd, addr(Rs) o1] 010100 | Rs+0| Rd 01/ 010100 Rs#0| RRd
13 ss 13

address | segment offset

o1{010100| Rs#0| RRd

SL]1/ segment 0000 0000 16

offset

BAL EDRaBel(ddisp) | [oo[ttooo]w] revo] na oo[ttooo]w]rsro] rd |]
' s 1s

P displacement displacement

LDL RRd, Rs!(#disp)#disp 00] 110101|Aso] Ad 47 00/110101 | Rs#0| Rd 17
displacement displacement

BX: LD Rd, Rs!(Rx)(DB Ra, Rel(Rx) 01 11000/w Rs+0| Rd 14 01/11000/w Rs#0|Rd 14

0000] Rx 0000 0000 0000] Rx |0000 0000

LDL RRd, Rs! (Rx)( o1/11010/1/ Rsz0| Rad 17 o1fs11010/1| Rsx0| Ra 7

0000] Rx 0000 0000 0000| Rx |0000 000

Load Memory

Destination Nonsegmented Mode Segmented Mode
Addressing; Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: LD @Rdl, RsLBB ond Roe epeppete]| s bhanppetTe]} s
LDL @Ral, RR eoprertwefae] 1 foofororpaepan 1

DA: rpaccress, Rs 01]10111|w/0000| Rs a |ss 01/10111/Wj0000| Rs 12
ai ress, Ss

address O| segment offset

o1/10111|W/o000| As

SL 1| segment 0000 0000 14       offset    
 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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Load Memory (Continued)
 

Destination
Addressing Assembler Language

Nonsegmented Mode Segmented Mode
 

 

 

 

   

 

 

   

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

   

Mode Syntax Instruction Format Cycles Instruction Format Cycles

DA: LDL address, RRs 01] 011104 |oo00| RRs a [ss 01/011101 0000] ARs 15

address 0 segment offset

01] 0111010000] ARs

SL 1] segment 00000000 17

offset

xX: LD addr(Rd), Rs‘ 01/10111/W| Rdvo] R o01/10111/W] Rdx0| RLDB addr(Rd), Rbs | [w] Razo] Rs 12 |Ss tfrors4] +o] fs 12
address 0} segment offset

o1f1o114|w Rd+0 | Rs

SL}1] segment 0000 0000 15

offset

01] 011101] Rd+0; RR 011011101] Rd+0/ RR
| Razo| RRs 1s {ss | +0] Are 15

address 0; segment offset

01] 011101 Rdx0| ARs

SL|1} segment 0000 0000 18

offset

BA: LD Rdl(#disp), Rs' 00/11001/W| Rd+0} Rs 00/11001'W| Rd¥0} Rs
LDB Rdi(#disp), Rbs | - | | | 14 | a] | of 14

displacement displacement

LDL Rdl{#disp), RRs(#disp) oo] 1101141 | Rdx0 | RAs 47 00[/1101141 | Rd#0} RRs 47
displacement displacement

BX: LD Rdl(Rx), Rs. ‘ 01/11001/W] Rdx0| R 01111001/W! Rdz0/] RLDB Rdl(Rx), Rbs | +o] Rs 14 | | <0] Rs 14
0000| Rx 00000000 0000] Rx 00000000

LDL Rdl(Rx), RRs 01] 110111 Rd#0| RRs 7 011110111 Rd+0| RRs 7

o000| Rx 00000000 0000| rx 00000000           
 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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Load Immediate

we TSAESmi ve

Value|
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Nonsegmented Mode Segmented Mode

 

 

 

 

 

 

    
 

 

 

 

 

 

  
 

 

 

 
 

 

 

   
 

 

 

 

  
 

 

 

 

 

     
 

 

 

 

 

   
 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

  
 

 

Destination

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cyclesy' 4

R: LD Ra, #data 00/100001|0000| Rd 7 00/100001|0000| rd

data data ’

2
LDB Rbd, #data 00] 100000 0000| Rd 7 00] 100000 0000) Rd

7
data data data data

Treepetae s wpe[Tae] s
LDL RRd, #data 00 010100 |0000| RRd 00] 010100 |0000| RRd

34 data (high) 16 1 - 31 data (high) 16 11

15 data (low) 0 15 data (low) 0

IR: LD @Rd, #data 00|001101 | Rd [0104 4 oo} oo1101| Rd [o101 4

data data

LD @Rbd,#data 00|001100/ Rd [0104 1 00/001100 Rd [0101 11

data data data data

DA: LD address, #data 01] 001101|0000]0101 01] 001101 0000/0101

address 14 ss o| segment offset 15

data data

04] 001101 0000/0101

1| segment |0000 0000
SL 17

offset

data

LDB address, #data 01 001100 / 0000/0104 01/ 001100 0000)0101

address 14 ss o| segment offset 15

data | data data data

01] 001100 9000/0101

1 segment 0000 0000
SL | ses 17

offset

data | data      
  
 

Note 2: Although two formats exist for “LDB R, IM”, the assembler always uses the short format. In this case, the

“sre field” in the instruction format encoding contains the source operand.
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Load ImmediateValue(Continued) x
 

Destination

Addressing Assembler Language
Nonsegmented Mode Segmented Mode
 

 

 

 

 

 

   

 

 

 

   

   

 

 

 

 

 

   
 

 

 

 

 

 

 

   
      

Mode Syntax Instruction Format Cycles Instruction Format Cycles Cy

X: LD addr(Rd), #data 01] 001101 | Rdx0|0101 01] 001101 Rd#0/0101

address 15 ss 0] segment offset 15

data data

01] 001101 Rd+0 }0104

1 segment 0000 0000
SL 18

offset

data

LDB addr(Rd), #data 01 001100 | Rdz0|0101 011001100 Rdx0 [0101

address 15 SS[0| segment offset 15

data | data data data

01/001100 Rd+0 [0101

1} segment 0000 0000
SL 18

offset

data | data

Example: Several examples of the use of the Load instruction are treated in detail in Chapter 4
under addressing modes.
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LDA
Load Address
 

dst: R

src: DA, X, BA, BX

LDAdst, src

 

 

 

 

 

 

   

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

 

Operation: dst «- address(src)

The address of the source operand is computed and loaded into the destination. The
contents of the source are not affected. The address computation follows the rules for
address arithmetic. The destination is a word register in nonsegmented mode, and a
register pair in segmented mode.

In segmented mode, the address loaded into the destination has an undefined value
in all reserved bits (bits 16-23 and bit 31). However, this address may be used by
subsequent instructions in the indirect based or base-index addressing modes
without any modification to the reservedbits.

Flags: No flags affected

Source Nonsegmented Mode Segmented Mode
Addressing! Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

DA: LDA Rdl, address 01} 110110|0000| Ra 2 Iss 01] 110110 ]0000| RRd 13

address 0|segment offset

01] 110110} 0000] ARd
SL|1| segment |0000 0000 15

offset

x: LDA Rdl, addr(Rs) 01/110110|Rsz0| Rd 13 |ss 01{110110 Rsx0| RRd 13

address o| segment offset

01] 110110] Rsx0| RRd

SL 1| segment |0000 0000 16

offset

BA: LDA Rdl, Rs! (#disp) 00110100 | Rs+0| Rd 5 00110100 | Rs+0| Rad 15

displacement displacement

BX: LDA Rdi, Rs! (Rx) 01110100 Rs+0| Rd 45 01110100 Rs +0 | Rd 45
0000| Rx {0000 0000 0000) Rx |0000 0000              



 

Examples: LDA R4,STRUCT lin nonsegmented mode, register R4 is loaded!
!with the nonsegmented address of the location!
Inamed STRUCT!

LDA RR2, <<3>> 8(R4) lin segmented mode,if index register R4! oN
Icontains %20, then registerRR2 is loaded! j

!with the segmented address (<<3>>, offset %28)!
LDA RR2,RR4(#8) lin segmented mode,if base register RR4!

{contains %01000020, then register RR2 is loaded!
!with the segment address << ] >> %28!
{(segment 1, offset %28)!

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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_ Load Address Relative

LDAR dst, src . dst: R

src: RA

Operation: dst « ADDRESS(src)

The address of the source operand is computed and loaded into the destination. The
contents of the source are not affected. The destination is a word register in
nonsegmented mode, and a register pair in segmented mode. In segmented mode,
the address loaded into the destination has all “reserved” bits (bits 16-23 and bit 31)
cleared to zero.

The relative addressing mode is calculated by adding the displacementin the
instruction to the updated value of the program counter (PC) to derive the address.
The updated PC value is taken to be the address of the instruction byte following the
LDARinstruction, while the displacementis a 16-bit signed value in the range
-32768 to +32767. The addition is performed following the rules of address
arithmetic, with no modifications to the segment number in segmented mode. Thus
in segmented mode, the source operand must be in the same segment as the LDAR
instruction.

The assembler automatically calculates the displacement by subtracting the PC value
of the following instruction from the address given by the programmer.
 

 

 

 

  

  

            

Flags: Noflags affected

Source Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

RA: LDAR Rdl, address 00110100 |o000| Rd 15 00110100 |0000| Rd 5
displacement displacement

Example: LDAR  R2, TABLE lin nonsegmented mode, register R2 is loaded!

!with the address of TABLE!

LDAR  RR4, TABLE lin segmented mode, register pair RR4is!
'loaded with the segmented address of TABLE, !

lwhich must be in the same segment as the program!

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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LDCTL Privileged Instruction

 

Load Control

LDCTL dst, src dst; CTLR -
src: R
or
dst: R

src: CTLR

Operation: dst «- src

This instruction loads the contents of a general purposeregister into a control
register, or loads the contents of a control register into a general-purpose register.
The control register may be oneof the following CPU registers:

FCW Flag and Control Word
REFRESH Refresh Control
PSAPSEG Program Status Area Pointer - segment number
PSAPOFF Program Status Area Pointer- offset
NSPSEG Normal Stack Pointer - segment number
NSPOFF Normal Stack Pointer - offset

The operation of each of the variants of the instruction is detailed below. The ones
which load data into a control register are describedfirst, followed by the variants
which load data from a control register into a general purpose register.
 

Load Into Control Register

Operation:

LDCTL FCW,Rs

 

 

             

 

FCW (2:7) « Rs (2:7)
FCW (11:15) « Rs (11:15)

156 1413121110 9 8 7 6 5 4 3 2 10

Rs: 4 i 1 J 4 1 I 1 lL L i J 4 i ohn

Yvyyy vyyyYVy
FCW:|SEGI|S/NIEPA| VI INVI c{|zZis Pvp] H o

toeserveq——____+

LDCTL REFRESH, Rs

Operation: REFRESH (1:15) « Rs (1:15)

15 1413 12 1110 9 8 7 6 5 4 3

Rs: L, 1 J 1 i 1 1 J i J 1 f

VYVVVVVVVVYVVY¥

REFRESH: |re| rate counter

 

 

                

 

 

reserved
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LDCTL NSPSEG, Rs

 

 

                 

 

 

 

 

                 
 

 

Operation: NSPSEG (0:15) «— Rs (0:15)

15 1413121110 9 8 7 6 5 4 3 2 1 0

Rs: [ it J | J l 1 i L i | l j i i L |

VVVVVVVVVVVVVVVY

NSPSEG:Lee

In segmented mode, the NSPSEGregister is R14 and contains the segment number
of the normal mode processor stack pointer which is otherwise inaccessible for
system mode.

In nonsegmented mode, R14 is not used as part of the normal processor stack
pointer. This instruction may not be used in nonsegmented mode.

LDCTL NSPOFF, Rs
NSP, Rs

Operation: NSPOFF (0:15) < Rs (0:15)

15 1413121110 9 8 7 6 5 4 3 2 1 0

Rs: [ i J al 1 L 4 1 L L L 4 } L 1 awd |

VYVVVVVVVVVVYVYVYVYVY

*NSPOFF: lL, i i i L i J i i 1 i i J L l |

*NSP in nonsegmented mode

In segmented mode, the NSPOFFregister is R15 in normal mode and contains the
offset part of the normal processor stack pointer. In nonsegmented mode, R15 is the
entire normal processor stack pointer.

In nonsegmented Z8002, the mnemonic “NSP” should be used in the assembly
language statement, and indicates the same control register as the mnemonic
“NSPOFF”,.

LDCTL PSAPSEG, Rs

Operation: PSAPSEG (8:14) « Rs (8:14)

15 141312 1110 9 8 7 6 5 4 3 2 1 +0

R:s{ , i, yp yy iyi, |

YVVVYVVY
segment number

Aeserveg_—______#

 

        

 

  PSAPSEG:

The PSAPSEG register may not be used in the nonsegmented Z8002. In the
segmented Z8001, care must be exercised when changing the two PSAPregister
values so that an interrupt occurring between the changing of PSAPSEG and
PSAPOFFis handled correctly. This is typically accomplished byfirst disabling
interrupts before changing PSAPSEG and PSAPOFF.
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LDCTL PSAPOFF, Rs
PSAP, Rs

Operation: PSAPOFF(8:15) < Rs (8:15)

15 141312 1110 9 8 7 6 5 4 3 2 1 «0

1 J 1 f Jj i | 1 Lee, L L J 1 |Rs: |
 

  v1| yy -_ y   y_\ |  \
! :
 

*PSAPOFF:

*PSAP in nonsegmented mode

offset (upper byte)

In the nonsegmented Z8002, the mnemonic “PSAP” should be used in the assembly
language statement and indicates the same control register as the mnemonic

“PSAPOFF”. In the segmented Z8001, care must be exercised when changing the
two PSAP register values so that an interrupt occurring between the changingof
PSAPSEG and PSAPOFFis handled correctly. This is typically accomplished byfirst
disabling interrupts before changing PSAPSEG and PSAPOFF.
 

Load From Control Register

LDCTL Rd, FCW

Operation:

(Z8001 only)
Rd (11:14) « FCW (11:14)
(Z8002 only)
Rd (0:1) + 0
Rd (8:10) « 0
Rd (15) < O
(Z8002 only)

Rd (2:7) < FCW (2:7)
Rd (11:15) « FCW (11:15)

15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0

= ic|z|sipvyojxFCW: |SeGis/NiePaj Vi INVES
 

 V  \ /  \  \  \ l

 

 

 v  V  Vv  V  V j \ 
Rd: | J { i | 9 9 0 | i ! t Lt fo o|
 

 

LDCTL Rd, REFRESH

Operation:
Rd (0) « 0
Rd (9:15) « UNDEFINED

15 14 13 12 1110 9

Rd (1:8) «- REFRESH (1:8)

8 7 6 5 4 3
 

REFRESH:| re | rate counter
 

 

  Vv  Vv  YV  y  y

 

   

jo}po
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LDCTL Rd, PSAPSEG

Operation:
Rd (0:7) « 0
Rd (15) + 0

1514 131211 109

 

PSAPSEG: segment number

Rd (8:14) « PSAPSEG (8:14)

 

  \A  YrvVvVYVYVY    

tensietsies werxed

  

  

 

Rd: [0 | L L l 1 l
_ {9 0 0 00000]

This instruction may not be used in the nonsegmented version.
 

LDCTL Rd, PSAPOFF
Rd, PSAP

Operation:
Rd (0:7) « 0

15 14 1312 1110 9

*PSAPOFF:

Rd (8:15) « PSAPOFF (8:15)

offset (upper byte)

8    

 

 

  v1  y \  rvvyvyy    ' 
Rd:|

i a 4 1

*PSAP in nonsegmented mode

1 L it
[0 0 0 0 0 0 0 Of

In nonsegmented mode, the mnemonic PSAP should be used in the assembly
language statement, andit indicates the same control register as the mnemonic
PSAPOFF.
 

LDCTL Rd, NSPSEG

Operation:

15 14 1312 11 10 9

NSPSEG: |, nh 4

Rd (0:15) < NSPSEG (0:15)

 

 v Y y  \    v1rv \ —<
£

        YVVVY v_\
 

Rd: |
i \ j i 4 f 4 i wk i \ 4 i 7

This instruction is not available in nonsegmented mode.
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LDCTL Rd, NSPOFF

 

 

                 
 

 

 

 

 

 

 

 

Rd, NSP

Operation: Rd (0:15) « NSPOFF (0:15)

15 141312 1110 9 8 7 6 5 4 3 2 141 0

*“NSPOFF: | 1 1 j 1 1 1. L L 1 | i 1 L L |

VVVVVVVVVVVVVYVY

Rd: [ 1 1 1 L | L L a 1 L i l 1 1. |

*NSP in nonsegmented mode

In nonsegmented mode, the mnemonic NSPshould be usedin the assembly
language statement, and it indicates the same control register as the mnemonic
NSPOFF.

Flags: Noflags affected, except when the destination is the Flag and Control Word (LDCTL
FCW,Rs), in which case all the flags are loaded from the source register.

Source Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

LDCTL PSAPSEG, Bs erverte[roe] 7
LDCTL PSAPOFF, Rpsarorr. Rs Torsvor]mea) 7

LDCTL NSPOFF, Rs Portiii01nspore.8 Toopten) 7 footfa] |

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Rd, NSP a      
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Operation:

| Load Control Byte

LDCTLBdst, src dst: FLAGS
src: R
or
dst: R

src: FLAGS

dst « src

This instruction is used to load the FLAGSregister or to transfer its contents into a
general-purpose register. Note that this is not a privileged instruction.
 

Load Into FLAGS Register
LDCTLB FLAGS, Rbs)

FLAGS(2:7) « src (2:7)

The contents of the source (a byte register) are loaded into the FLAGSregister. The
lower two bits of the FLAGS register and the entire source register are unaffected.

Rbs:
 

       

 

FLAGS:

reserved

 

Load From FLAGSRegister
(LDCTLB Rbd, FLAGS)

dst (2:7) « FLAGS(2:7)

dst (0:1) « 0

The contents of the uppersix bits of the FLAGS register are loaded into the destina-
tion (a byte register). The lower twobits of the destination register are cleared to
zero. The FLAGSregister is unaffected.

7 6 5 4 3 2 +71 ~=«0

FLAGS: f[elz]spvpo|nl.
 

VYVVVYVYVY

Rbd: | ; [0 o|
       

 

Flags: Whenthe FLAGSregister is the destination, all the flags are loaded from the

source. When the FLAGSregister is the source, none of the flags are affected.
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Assembler Language

Nonsegmented Mode Segmented Mode
 

 

 

Syntax Instruction Format Cycles Instruction Format Cycles

LDCTLB FLAGS. Ros

|

Trooorsoo]me[oor]

|

7

|

[ioooroolwm[ion]

|

7
PDCTEB Red, FLAGS

|

[yooo1100

|

ra[ooor]

|

7

|

[so001r00]ra[ooor]

|

7     
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_... .,, Load.andDecre:
LDD dst, src,r dst: IR | , a He
LDDB src: IR

Operation: dst «- sre
AUTODECREMENTdst andsrc (by 1 if byte, by 2 if word)
r<+r-]

This instruction is used for block transfers of strings of data. The contents of the

location addressed by the source register are loaded into the location addressed by
the destination register. The source and destination registers are then decremented
by one if LDDB, or by two if LDD, thus moving the pointers to the previous elements
in the strings. The word register specified by “r’’ (used as a counter) is then
decremented by one.

Flags C: Unaffected
Z: Undefined
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: LDD @Rs!, @Rd}, rLDDB @Rel, @Rdl. x 1011101|W Rs |1001 20 1011101 |W Rs |1001 20

0000| r Rd 1000 0000] r Rd 1000

Example: In nonsegmented mode,if register R] contains %202A, register R2 contains %404A,
the word at location %404A contains %FFFF, and register R3 contains 5,
the instruction

LDD @Rl, @R2, R3

will leave the value %FFFF at location %202A, the value %2028 in R1, the value
%4048 in R2, and the value 4 in R3. The V flag will be cleared. In segmented mode,
register pairs would be used instead of Rl and R2.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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LDDR
Load, Decrement and Repeat
 

 

 

 

 

LDDR dst, src, r dst: IR ~

LDDRB src: IR

Operation: dst «- src
AUTODECREMENTdst and src (by | if byte, by 2 if word)
r«+r-]
repeat until r = 0

This instruction is used for block transfers of strings of data. The contents of the loca-

tion addressed by the source register are loaded into the location addressed by the
destination register. The source and destination registers are then decremented by
one if LDDRB,or by two if LDDR, thus moving the pointers to the previous elements
in the strings. The word register specified by “r’’ (used as a counter) is then
decremented by one. Theentire operation is repeated until the result of decremen-
ting r is zero. This instruction can transfer from | to 65536 bytes or from 1 to 32768
words(the value for r must not be greater than 32768 for LDDR).

The effect of decrementing the pointers during the transfer is important if the source
and destination strings overlap with the sourcestring starting at a lower memory
address. Placing the pointers at the highest address of the strings and decrementing
the pointers ensures that the source string will be copied without destroying the
overlapping area.

This instruction can be interrupted after each execution of the basic operation. The
program countervalue of the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven cycles
should be added to this instruction’s execution time for each interrupt request that is
accepted.

Flags C: Unaffected
Z: Undefined
S: Unaffected
V: Set
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?

: 1 @RslIR TDDRBcdl ores 1011101|w] Rs |1004 i149n 1011101|W| Rs |1001 t149n

0000] r Rd |0000 0000] r Rad |0000 
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Example: In nonsegmented mode,if register Rl contains %202A, register R2 contains *HAOSA,
the words at locations %4040 through %404A all contain %FFFF, and register R3
contains 6, the instruction .

LDDR @R1, @R2, R3

will leave the value %FFFF in the words at locations %2020 through %202A, the
value %201E in R1, the value %403E in R2, and 0 in R3. The V flag will be set. In
segmented mode, register pairs would be usedinstead of Rl] and R2.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = numberof data elements transferred.

 

am



LDI
 

 

 

 

 

 
  

  

              
 

Load and Increment

LDI dst, sro, r dst: IR _ Cy
LDIB src: IR

Operation: dst < src
AUTOINCREMENTdst and src (by 1 if byte, by 2 if word)
r«+r- ]

This instruction is used for block transfers of strings of data. The contents of the loca-
tion addressed by the source register are loaded into the location addressed by the
destination register. The source and destination registers are then incremented by
one if LDIB, or by two if LDI, thus moving the pointers to the next elements in the
strings. The word register specified by “r’” (used as a counter) is then decremented
by one.

Flags C: Unaffected
Z: Undefined

S: Unaffected
V: Set if the result of decrementing r is zero, cleared otherwise
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: LDI @Rd!, @Rs!, r 1011101/W| Rs |0001 1011101|W Rs ;0001
LDIB @Rd!, @Rs!, r 20 20

o000| r Rd {1000 9000] ' Ad |1000

Example: This instruction can be used in a “loop” of instructions which transfers a string of
data from one location to another, but an intermediate operation on each data ele-
ment is required. The following sequence transfers a string of 80 bytes, but tests for
a special value (%0D, an ASCII return character) which terminates the loop if
found. This example assumes nonsegmented mode. In segmented mode,register
pairs would be used instead of Rl and R2.

LD R3, #80 linitialize counter!
LDA Rl, DSTBUF !load start addresses!
LDA R2, SRCBUF

LOOP:
CPB @R2, #%0D !check for return character!

JR EQ, DONE lexit loop if found!
LDIB @Rl, @R2, R3 transfer next byte!

JR NOV, LOOP lrepeat until counter = 0!
DONE:

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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~ Load, Increment and Repeat
 

LDIR dst, src, r dst: IR
LDIRB src: IR

Operation: dst « src
AUTOINCREMENTdst andsrc (by 1 if byte; by two if word)
r«r-]
repeat until R = 0

This instruction is used for block transfers of strings of data. The contents of the loca-
tion addressed by the source register are loaded into the location addressed by the
destination register. The source and destination registers are then incremented by
one if LDIRB, or by two if LDIR, thus moving the pointers to the next elements in the
strings. The word register specified by “r’” (used as a counter) is then decremented
by one. The entire operation is repeated until the result of decrementingr is zero.
This instruction can transfer from 1 to 65536 bytes or from 1 to 32768 words (the
value for r must not be greater than 32768 for LDIR).

The effect of incrementing the pointers during the transfer is important if the source
and destination strings overlap with the sourcestring starting at a higher memory
address. Placing the pointers at the lowest address of the strings and incrementing
the pointers ensures that the source string will be copied without destroying the
overlapping area.

This instruction can be interrupted after each execution of the basic operation. The
program countervalue of the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven cycles
should be added to this instruction’s execution time for each interrupt request that is
accepted.
 

Flags: C: Unaffected
2: Undefined

S: Unaffected

 

 

 

  

  

V: Set
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?

TR: LDIR @Rd!, @Rs!, r 1011101 |W Rs |0004 10111014|W Rs |0001
LDIRB @Rdl, @Rs!, r 11+9n 11+9n

9000] r Rd 0000 o000| r Rd |0000               
 

 

6-81



 

Example: The following sequence of instructions can be used in nonsegmented modeto copy a
buffer of 512 words (1024 bytes) from one area to another. The pointersto the start of

the source and destination are set, the number of wordsto transfer is set, and then
the transfer takes place.

LDA Rl, DSTBUF
LDA R2, SRCBUF
LD R93, #512
LDIR @Rl1, @R2, R3

In segmented mode, R1 and R2 must bereplaced byregister pairs.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = numberof data elements transferred.
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LDK
 

 

 

 

 

     
 

Load Constant

LDK dst, src dst: R

src: IM

Operation: dst « src (src = 0 to 15)

The source operand (a constant value specified in the src field) is loaded into the
destination register. The source operandis a value from 0 to 15 interpreted as a
value | to 16. It is loaded into the four low-order bits of the destination register,
while the high-order 12 bits are cleared to zero.

Flags: Noflags affected

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Ri LDK Ral date preyeee] s PlonepwTae] s
Example: To load register R3 with the constant 9:

LDK_  R3,#9
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LDM
Load Multiple
 

Operation:

LDM dst, src, n dst: R

src: IR, DA, X

or ,

dst: IR, DA, X

src: R

dst « src(n words)

The contents of n source wordsare loaded into the destination. The contents of the
source are not affected. The value of n lies between | and 16, inclusive. This instruc-
tion moves information between memory andregisters; registers are accessed in
increasing orderstarting with the specified register; RO follows R15. The instruction
can be used either to load multiple registers into memory (e.g. to save the contents
of registers upon subroutine entry) or to load multiple registers from memory(e.g. to
restore the contents of registers upon subroutineexit).

The instruction encoding contains values from 0 to 15 in the “num”field correspond-
ing to values of 1 to 16 for n, the numberof registers to be loaded or saved.

The starting address is computed onceat the start of execution, and incremented by
two for each register loaded.If the original address computation involved a register,
the register’s value will not be affected by the address incrementation during
execution. Similarly, modifying that register during a load from memorywill not
affect the address used bythis instruction.

 

Flags: No flags affected
 

Load Multiple - Registers From Memory
 

 

 

  

  

  

  

          

 

     

Source Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: LDM Rd, @Rs!, #n 00] 011100 Rs+0 0004 00/011100 Rs+0 0001
1143n 11+3n

0000| Rd |0000| num 0000; Rd [o000| num

DA: LDM Rad, address, #n 01] 011100 /0000|0001 01/011100/0000/0001
0000| rad 0000] num 14+3n| SS}o000| ra |o000| num 15+3n

address o| segment offset

01] 011100 0000/0001

0000| Rd |0000
SL | ee i74+3n

1| segment |0000 0000

offset        
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Load Multiple - RegistersFromMemory (Continued)
 

 

 

 

 

   
   

 

 

 

 

 

 

          
 

 

 

 
 

 

 

 

       

 

 

   
      
 

 

 

 

 

 

 

 

       
 

 

 

 

 

         
 

Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

X: LDM Rad, addr(Hs), #n 01/011100 Rs#0 0001 01/ 011100 Rs+0 0001

0000] Rd |0000] num 15+3n/SS o000| Rd |0000; num 15+3n

address 0 | segment offset

01/011100 Rs+0 0001

0000] Rd /0000
SL eed] 18 43n

1| segment |0000 0000

offset

Load Multiple - Memory From Registers

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: LDM@Rd), Rs, #n 00]011100 Rd#0|1001 00] 011100 Rd#0/1001
1143n 1143n

0000| Rs 0000] num 0000] Rs 0000; num

DA: LDM address, Rs, #n 01]011100 0000/1001 01] 011100 0000/1001

0000| Rs |0000| num 144+3n/SS/oo000] rs [0000] num 15+3n

address 0 segment offset

01{ 011100] 0000|1001

0000] Rs {0000
SL [_Rs ee 474+3n

41 segment 0000 0000

offset

X: LDM addr(Rd), Rs, #n 01}011100 Rd+0 1001 01/ 011100 Rd#0 |1004

aoao| Rs |0000| num 15+3n|SS{o000| As |0000{ num 15+3n

address 0 segment offset

01/011100|Rdx0/1001

0000} Rs |0000
SL | Rs ey] 1843n

4| segment |0000 0000

offset

Example: In nonsegmented mode,if register R5 contains 5, R6 contains %0100, and R7 con-
tains 7, the statement

LDM @Ré6, R5, #3

will leave the values 5, %0100, and 7 at word locations %0100, %0102, and %0104,
respectively, and noneof the registers will be affected. In segmented mode, a
register pair would be usedinstead of R6.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = numberof registers.
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LDPS
Load Program Status

a

Privileged Instruction

 

 

 

   

 

 

 

   
 

 

 

 

  

 

 

   

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

         
 

LDPSsrc src: IR, DA, X

Operation: PS + src

The contents of the source operand are loaded into the Program Status (PS), loading
the Flags and Control Word (FCW) and the program counter (PC). The new value
of the FCW does not become effective until the next instruction, so that the status
pins will not be affected by the new control bits until after the LDPS instruction

execution is completed. The next instruction executed is that addressed by the new
contents of the PC. The contents of the source are not aifected.

This instruction is used to set the Program Status of a program andis particularly
useful for setting the System/Normal mode of a program to Normal mode,or for run-
ning a nonsegmented program in the segmented Z8001 version. The PC segment
numberis not affected by the LDPS instruction in nonsegmented mode.

The format of the source operand (Program Status block) depends on the current
Segmentation mode (not on the version of the Z8000) andis illustrated in the
following figure:

NONSEGMENTED LOW ADDRESS SEGMENTED

FCW

ec FCW

PC SEG. NO.

HIGH ADDRESS PC OFFSET

(SHADED AREA IS RESERVED—MUST BE ZERO)

Flags: All flags are loaded from sourceregisters.

Source Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

TR: LoPs ef foltrtovr[revolooos] 12 [aolirioor[reroleooo]| 16
DA: LDPS address 0 1001 |0000/0000 411001 00/000011111001 | 1s |ss o1| 0000 | 20

address 0| segment offset

01] 111001 |0000/0000
SL 1| segment [0000 0000 22

offset

x: LDPS addr(Rs) 01] 111001 | Rsz0 | 0000 01/111001 Rsx0 | 0000
17 Ss 20

address o| segment offset

01/ 111001 Rs#0 | 0000

SL 1| segment |0000 0000 23

offset
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Example:
OPgetoe

In nonsegmented 8002 version, if the program counter contains %2550, register R3
contains %5000, location %5000 contains %1800, and location %5002 contains
%A000, the instruction

will leave the value %A000 in the program counter, and the FCW value will be
% 1800 (indicating Normal Mode, interrupts enabled, andall flags cleared.)
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LDR

 

LoadRelative #8  — oe
 

LDRdst, src dst: R

LDRB src: RA
LDRL or

dst: RA

src: R

Operation: dst < src

The contents of the source operand are loadedinto the destination. The contents of
the source are not affected. The relative addressing modeis calculated by adding
the displacementin the instruction to the updated value of the program counter (PC)
to derive the operand’s address. In segmented mode, the segment numberof the
computer address is the same as the segment numberof the PC. The updated PC
value is taken to be the address of the instruction byte following the LDR, LDRB, or

LDRLinstruction, while the displacementis a 16-bit signed value in the range
-32768 to + 32767.

Status pin information during the access to memory for the data operand will be Pro-
gram Reference, (1100) instead of Data Memory request (1000).

The assembler automatically calculates the displacement by subtracting the PC value
of the following instruction from the address given by the programmer.

This instruction must be used to medify memory locations containing program infor-

mation, such as the Program Status Area, if program and data space are allocated to
different segments.
 

Flags: Noflags affected
 

Load Relative Register
 

 

 

 

 

 

 

 

 

 

 

 

 

Source Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

RA: LDR Rd, address 0011000|/W]|0000| Rd 0011000|w|oo00| Rd
LDRB Rbd, address 14 14

displacement displacement

LDRL RRd, address 00110101 |0000| Rd 00110101 |0000| Rd
17 17

displacement displacement           
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Load Relative Memory
2% Serra
 

-
 

 

 
 

 

 

 

      

 

 

 

 

       

Destination Nonsegmented Mode Segmented Mode |
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

RA: LDR address, Rs‘ 0011001/wi/0000) R 0011001/|w) 0000LDRB address, Rbs Iw} | Re 14 Iw} | Rs 14
displacement displacement

LDRL add , BRaddress, RRs 00110111 |0000| Rs 17 00110111 {0000| Rs 17

displacement displacement

Example: LDR R2, DATA lregister R2 is loaded with the value in the!
!location named DATA!
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MBIT.
PrivilegedInstruction |

Multi-MicroBitTest ©... . _ a

Operation: S< 1 ifMihigh (inactive); 0 otherwise

This instruction is used to synchronize multiple processors’ exclusive access to
shared hardware resources. The multi-micro input pin (MI) is tested, and the S flag
is cleared if the pin is low (active); otherwise, the S flag is set, indicating that the
pin is high (inactive).

After the MBIT instruction is executed, the S flag can be used to determine whether
a requested resource is available or not. If the S flag is clear, then the resource is
not available; if the S flag is set, then the resource is available for use by this CPU.

 

: Unaffected
Undefined
Set if MI is high; cleared otherwise
Unaffected

: Unaffected
: Unaffectedm

o
<
a
n
a

 

Nonsegmented Mode Segmented Mode

 Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

 

 
MBIT 0141101100001010 7 0111104100001010 7    
 

Example: The following sequence of instructions can be used to wait for the availability of a

resource.

LOOP:
MBIT test multi-micro input!
JR  PL,LOOP !repeat until resource is available!

AVAILABLE:
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PrivilegedInstruction _

MREQ

_Malt-MeroRogues 
Operation:

f MI low (active) then « 0
MO forced high (inactive)

else MO forced low (active)
repeat dst « dst — 1
until dst = 0
if MI low (active) then 5S <« 1]

else S<= 0
MOforced high (inactive)

-
:

Z+ 1

This instruction is used to synchronize multiple processors’ exclusive access to
shared hardware resources. A_requestfor a resource is signalled through the multi-
micro input and output pins (MI and MO), with the S and Z flags indicating the
availability of the resource after the MREO instruction has been executed.

First, the Z flag is cleared. Then the MI pin is tested. If the MI pin is low (active),

the S flag is cleared and the MO pin is forced high (inactive), thus indicating that the
resource is not available and removing any previous request by the CPU from the

MOline.

If the MI pin is high (inactive), indicating that the resource may be available, a
sequence of machine operations occurs. First, the MO pin is forced low (active),
signalling a request by the CPU for the resource. Next, a finite delay to allow for
propagation of the signal to other processors is accomplished by repeatedly
decrementing the contents of the destination (a word register) until its value is zero.
Then the MI pin is tested to determine whether the request for the resource was
acknowledged.If the MI pin is low (active), the 5 flag_is set to one, indicating that
the resource is available and access isgranted. If the MIpin isstill high (inactive),
the S flag is cleared to zero, and the MOpinis forced high (inactive), indicating
that the request was not granted and removing the request signal for the MO.
Finally, in either case, the Z flag is set to one, indicating that the original test of the
MI pin caused a request to be made.

Sflag Z flag MO Indicates
 

0 0 high Request not signalled
(resource not available)

0 1 high Request not granted
(resource not available)

] 1 low Request granted
(resource available)
 

Flags: C: Unaffected
Z: Set if request was signalled; cleared otherwise
S: Set if request was signalled and granted; cleared otherwise
V: Unattected
D: Unatfected
H: Unaffected
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Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles! Instruction Format Cycles!

R: MREQ Re oafsitots]na[itos] j12+7n| [oafasvors]na[isos] 12+7n C

Example: TRY:
LD RO, #50 lallow for propagation delay!
MREQ~ RO !multi-micro request with delay!

lin register RO!

JR MI,AVAILABLE
JR Z,NOT__GRANTED

NOT__AVAILABLE: : lresource not available!

NOT__GRANTED: . lrequest not granted!

JR TRY ltry again after awhile!
AVAILABLE: luse resource!

MRES lrelease resource!

 

Note |: If the request is made, n = numberof times the destination is decremented. If the request is not made,

n=0..
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Privileged Instruction MRES
Multi-Micro Reset
 

») MRES

MO is forced high (inactive)

 

 

 

 

      

Operation:

This instruction is used to synchronize multiple processors’exclusive access to
shared hardware resources. The multi-micro output pin MO is forced high (inactive).
Forcing MO high (inactive) indicates that a resource controlled by the CPUis
available for use by other processors.

Flags: No flags affected.

Nonsegmented Mode Segmented Mode
Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

MRES s [oer[oor] s

Example: MRES {signal that resource controlled by this CPU!
lis available to other processors!
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MSET PrivilegedInstruction

 

Multi-Micro Set ;

MSET

Operation: MO is forced low (active)

This instruction is used to synchronize multiple processors’ exclusive access to

rw

shared hardware resources. The multi-micro output pin MO is forced low (active).
Forcing MO low (active) is used either to indicate that a resource controlled by the
CPUis not available to other processors, or to signal a request for a resource con-
trolled by someother processor.
 

 

 

 

      

Flags: Noflags affected.

Nonsegmented Mode Segmented Mode
Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

MSET 5 5

Example: MSET {CPU controlled resource not available!
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games. 4 a Fary Areaoan

SUR ay Fay! oT: peeMULL]

~ Multiply
 

Operation:

“MULTdst,src dstRO
yaONE a RS

MULTL src: R, IM,IR, DA, X

Word

dst (0:31) « dst (0:15) x sre (0:15)
Long
dst (0:63) « dst (0:31) x sre (0:15)

The low-order half of the destination operand (multiplicand) is multiplied by the
source operand (multiplier) and the productis stored in the destination. The con-
tents of the source are not affected. Both operands are treated as signed, two’s com-
plement integers. For MULT,the destination is a register pair and the source is a
word value; for MULTL, the destination is a register quadruple and the source is a
long word value.

For proper instruction execution, the “dst field’”’ in the instruction format encoding
must be even for MULT and must be a multiple of 4 (0, 4, 8, 12) for MULTL.If the
source operand in MULTLis a register, the “src field’’ must be even.

The initial contents of the high-order half of the destination register do not affect the
operation of this instruction and are overwritten by the result. The carry flag is set to
indicate that the upper half of the destination register is required to represent the
result; if the carry flag is clear, the product can be correctly represented in the same
precision as the multiplicand and the upperhalf of the destination merely holds a
sign extension.

The following table gives execution times for word and long word operands in each
possible addressing mode.

sTc Word Long Word

NS SS SL NS SS SL

R 70 70 70 282+7*n 282+7*n 282+7*n
IM 70 70 70 282+7*n 282+7*n 282+7*n
IR 70 70 70 282+7*n 2824+7*n 282+7*n
DA 71 72 74 283+7*n 2844+7*n 286+7*n
X 72 72 75 284+7*n 284+7*n 287+7*n

(n =numberof bits equal to one in the absolute value of the low-order 16 bits of the destination

operand)

 

Whenthe multiplier is zero, the execution time of Multiply is reduced to the following times:

sTc Word Long Word

NS SS SL NS SS SL

R 18 18 18 30 30 30
IM 18 18 18 30 30 30
IR 18 18 18 30 30 30
DA 19 20 22 31 32 34
x 20 20 23 32 32 35

 

 

Flags: C: MULT—setif product is less than -2!5 or greater than or equal to 215; cleared
otherwise; MULTL—set if product is less than 23! or greater than or equalto 231;
cleared otherwise

Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Cleared
D: Unaffected
H: Unaffected
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Source Nonsegmented Mode Segmented Mode

 

 

 

 

 

 

 

    

 

 

   

 

 

   

 

 

  
 

 

 

   

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?Y Y

Re muita. Poforrees]aDae pelerroerwswe
MuLTL Roa. RRs

|

Fofervoeo]we

|

Re felorveoo] me

|

ee]
IM: MULT RRd, #data 00] 011001 |0000| Rd 00| 011001/0000| Rd

data data

MULTL RQd, #data 00/011000|0000| Ra 001011000 |0000| rd
31 data (high) 16 31 data(high) 16

15 data (low) 0 15 data (low) 0

: 1me] MOLERRG, Gs! [eoforvoosTrevor] olorroo;Taseo]na
MULTL ROS @Rst Fpaforvoao]evo]Ar] eo[eriove[revo]wa

DA: MULT Rd,address 01/011001|0000| Rad gg {oto 1904 0000] Rd

address 0| segment offset

01| 011001 o000| Rd

SL|1| segment [0000 0000

offset

MULTL ROd,address 01/011000|0000| Ra ss 01/011000|0000| Ra

address 0] segment offset

04| 011000 0000| Rd

SL 1] segment |0000 0000

offset

X:
MULT RRd,addr(Rs) 01/011001| Rsz0| Rd Ss 01/011001| Rs#0| Rd

address o| segment offset

01] 011001 Rs#0 | Rd

SL 1] segment 0000 0000

offset

MULTL RQd, addr(Rs) 01/011000| Rsz0| Rd Ss 01/ 011000 Rs +0 | Rd

address o| segment offset

01/011000| Rsx0| Rd

SL]1 | segment {;0000 0000

offset     
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Example: If register RQO (composed of register pairs RRO and RR2) contains
%2222222200000031 (RR2 contains decimal!49), the statement

MULTLRQO,#10 7 | | .
will leave the value %00000000000001EA (decimal 490) in RQ0.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: Execution times for each instruction are given in the preceding tables.
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Negate a

NEG dst _ dst: R, IR, DA, X , OS
NEGB

 

Operation: dst < dst

The contents of the destination are negated, that is, replaced by its two’s comple-
ment value. Note that %8000 for NEG and %80 for NEGBare replaced by
themselves since in two's complement representation the negative number with
greatest magnitude has no positive counterpart; for these two cases, the V flag is set.
 

 

 

Flags: C: Cleared ii the result is zero; set otherwise, which indicates a “borrow”

Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if the result is %8000 for NEG, or %80 for NEGB:cleared otherwise
D: Unaffected
H: Unatfected

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

 

R: NEGRa ofoorsow]na[oor] 7 [roloorsalw]na[oovo]| 7

TR: NEG@Rd) foofoortojw]navo[ooto] 12 [ooloorrolw[narojoote]| 12
  

  

    

 

   
 

  

 
 

   
 

 

   

DA: NEG address
0110 0000;,;0010 01/00110;)Wi0000/0010

NEGBaddress o4 lo [w| | 15 ss | | 16

address 0} segment offset

01/00110|w 0000{0010

SL}1| segment [0000 0000 18
offset

x: NEG addr(Rd)
0010 10NEGB addr(Rd) 01/00110|w] Rdz0| 16 \ss 01/00110|W Rd+0 | 00 ‘6

address 0| segment offset

01/00110/w| Rdx0 |0010

SL] 1} segment {0000 0000 19

offset          
Example: If register R8 contains %051F, the statement

NEG R8

will leave the value %FAE! in R8.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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No Operation

NOP

Operation: No operation is performed.

Flags: Noflags affected

Nonsegmented Mode Segmented Mode
 Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

NOP 100011014 00000111 7 10001101 00000111 7
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ORdst, src dst: R

ORB src: R, IM, IR, DA, X

Operation: dst « dst or src

The source operandis logically ORed with the destination operand and theresult is
stored in the destination. The contents of the source are not affected. The OR opera-
tion results in a one bit being stored whenevereither of the corresponding bits in the
two operands is one; otherwise a zero bit is stored.

 

Flags: C: Unaffected

 

Z: Setif the result is zero; cleared otherwise

S: Set if the most significant bit of the result is set; cleared otherwise
P: OR—unaffected; ORB—-setif parity of the result is even; cleared atherwise
D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode
 Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Ri |ORRd feorul=Te} )« |fobeorulee[el]
 

  

  

 
 

  

          

  

  

    

 

 

 

 

  

  

   
 

 

   

IM: OR Rd, #data 00 000101 |0000| Rd 7 00]000101|0000| Ra 7

data data

ORB Rhbd, #data 90/000100|0000|] Rd 00|000100|/0000] Rd 7
data data 7 data data

IR: OR Rd, @Rs!ona.ers feapeorw[eopee] 7 fopeonuecpa 7
DA: OR Rd, address‘ w|oo000| Rd 01100010/w|oo00| rdORB Rbd, address 01jo0010|w| oooa| 9 [se foteortl | 10

address 0; segment offset

01/00010/W|0000| Rd

SL 1| segment |0000 0000 12

offset

xX: OR Rd, addr(Rs)' wORB Rhd, addr(Rs) o1]ooa10|w| Rsz0| Rd 10 |ss 01/00010|w| Rsz0| Rd 40

address o| segment offset

01/00010|w Rsx0| Rd

SL|1] segment [0000 o000 13

address         
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ro™

 

Example:
value %7B (01111011), the statement

 

If register RL3 contains %C3 (11000011) and the source operand is the immediate

et Mey

ORB RLS,#%7B-
eye SH FmCI

willleave the value %FB (1111011)4in RLS.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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OTDR
(SOTDR)
(Special) Output, Decrement and Repeat ee

Privileged Instruction

 

 

 

 

 

OTDRdst, src, r dst: IR

OTDRB src: IR —
SOTDR
SOTDRB

Operation: dst <- src
AUTODECREMENTsrc(by 1 if byte, by 2 if word)
r«+r-1
repeat untilr = 0

This instruction is used for block output of strings of data. OTDR and OTDEBare
used for normal I/O operation; SOTDR and SOTDRBareusedfor special I/O opera-
tion. The contents of the memory location addressed by the source register are
loadedinto the I/O port addresses by the destination word register. I/O port
addresses are 16 bits. The source register is then decremented by one if a byte
instruction, or by two if a word instruction, thus moving the pointer to the previous
element of the string in memory. The word register specified by “r’”’ (used as a
counter) is then decremented by one. The address of I/O port in the destination
register is unchanged. The entire operation is repeated until the result of decrement-
ing r is zero. This instruction can output from 1 to 65536 bytes or 32768 word (the
value for r must not be greater than 32768 for OTDR or SOTDR).

This instruction can be interrupted after each execution of the basic operation. The
program countervalue of the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven more
cycles should be addedto this instruction’s execution time for each interrupt request
that is accepted.

Flags C: Unatfected
Z: Undefined
S: Unaffected
V: Set
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles? Instruction Format Cycles?

IR: OTDR @Rd,@Rs!, r

 
OTDRB @Fd,@Rs!, r

SOTDR @Rd,@Rs!, r

SOTDRB @Rd,@Rs!, r  
 

0011101|W Rs [1018
114+10n

0000] r ra |o0000
 

     

 
 

0011101|/W| Rs |101S 41 440n
 

    0000| c Rd |0000
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Example:

   
eu Q ateeengy é Me e BP =‘ig

In nonsegmented‘mode, if registerR11 contains %OFFF, register R12 contains :
%B006, and R13 contains 6, the instruction

OTDR @Ri1, @R12, R13

will output‘the string of words from locations %B006 toAFFCitin1descending order
to port %OFFF. R12 will contain %AFFA, and R13 will contain 0. R11 will not be
affected. The V flag will be set. In segmented mode, R12 would be replaced by a
register pair.

ae We

  

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.

Note 2: n = numberof data elements transferred.
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OTIR
(SOTIR)
(Special) Output, Increment andRepeat -

Privileged Instruction

 

 

 

 

OTIR dst, src, r _ dst: IR ; CO

OTIRB src: IR
SOTIR
SOTIRB

Operation: dst « src

AUTOINCREMENTsrc (by 1 if byte, by 2 if word)
r<r- |
repeat untilr = 0

This instruction is used for block output of strings of data. OTIR and OTIRB are used
for normal I/O operation; SOTIR and SOTIRBare used for special I/O operation.

The contents of the memorylocation addressed by the source register are loaded
into the I/O port addressed by the destination word register. I/O port addresses are
16 bits. The source register is then incremented by oneif a byte instruction, or by
two if a word instruction, thus moving the pointer to the next element of the string in
memory. The word register specified by “r” (used as a counter) is then decremented
by one. The address of I/O port in the destination register is unchanged. The entire
operation is repeated until the result of decrementing r is zero. This instruction can
output from | to 65536 bytes or 32768 words (the value for r must not be greater than
32768 for OTIR or SOTIR).

This instruction can be interrupted after each execution of the basic operation. The
program counter valueof the start of this instruction is saved before the interrupt
request is accepted, so that the instruction can be properly resumed. Seven more
cycles should be addedto this instruction’s execution time for each interrupt request
that is accepted.

Flags: C: Unaffected
Z: Undefined

S: Unaffected
V: Set
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

 

 

 

 

 

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: OTIR @Rd, @Bs!, r‘ ‘ 0011101|W| Rs |o01s 141101(w| Rs }001SOTIRB @Rd, @Rs!, r 8 11+ton| [oortvor]w] Rs 41410
SOTIR @Rd. @Rs!. r oooo|+ Rad [0000 ooo0| + ra |o000

 SOTIRB @Rd, @Rs!, r
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)

Example:

tas

tee : we

fiefRi TS RO ue

In nonsegmentedmode, the followingsequence of instructions can be usedto output
a string of bytes to the specified I/O port. The pointers to the I/O port and the start
of the source string areset, the numberof bytes to output is set,and then the output
is accomplished.

LD Rl, #PORT
LDA R2, SRCBUF
LD R3, LENGTH
OTIRB @Rl, @R2, R3

In segmented mode,a register pair would be used instead of R2.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = numberof data elements transferred.
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OUT
(SOUT)

Privileged Instruction

 

 

 

 

 

 
 

 

     
 

 

      

(Special) Output

OUTdst, sre dst: IR, DA ]
OUTB src: R

SOUTdst, src dst: DA
SOUTB src: R

Operation: dst <« src

The contents of the source register are loaded into the destination, an Output or
Special Output port. OUT and OUTBare used for normal I/O operation; SOUT and
SOUTBare usedfor special I/O operation.

Flags: Noflags affected.

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: OUT @Rd, RsOUTB @Rd, Rbs joorsiii|wirers to joorrtis[w]raas 10

DA: OUTport, RsOUTB port, Rbs 0011101|W) Rs 0114S 42 0011101/W| Rs [0118S 12

SOUTport, Rs Port port
SOUTBport, Rbs

Example: If register R6 contains %5252, the instruction

OUT %1120, R6

will output the value %5252 to the port %1120.
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Privileged Instruction OUTD
(SOUTD)
 

(Special) Output andDecrement

 

 

 

 

 
  

  

               

OUTD dist, src, r dst: IR

OUTDB src: IR
SOUTD
SOUTDB

Operation: dst « src
AUTODECREMENTsrc(by 1 if byte, by 2 if word)

r<«r-]

This instruction is used for block output of strings of data. OUTD and OUTDBare
used for normal I/O operation; SOUTD and SOUTBare used for special I/O opera-
tion. The contents of the memory location addressed by the source register are
loaded into the I/O port addressed by the destination word register. I/O port

addregses are 16 bits. The source register is then decremented byoneif a byte
instruction, or by two if a wordinstruction, thus moving the pointer to the previous
element of the string in memory. The wordregister specified by “r’’ (used as a
counter) is then decremented by one. The addressof the I/O port in the source

register is unchanged.

Flags: C: Unaffected
Z: Undefined
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: OUTDBendonal 0011104|W Rs |1018 ot 0011101|W Rs |101S 21

SOUTD @Rad, @Rsl, r oooo| + Rd |1000 oo00| +r ra {1000

SOUTDB @Rd, @Rs!, r

Example: In segmented mode,if register R2 contains the I/O port address %0030, register RR6
contains % 12005552 (segment %12, offset %5552), the word at memory location
% 12005552 contains %1234, and register R8 contains %1001, the instruction

OUTD @R2, @RR6, R8

will output the value %1234 to port %0030 and leave the value %12005550 in RR6,
and %1000 in R8. Register R2 will not be affected. The V flag will be cleared. In
nonsegmented mode, a word register would be used instead of RR6.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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(SOUTI) |
Privileged Instruction

(Special) Output and Increment
 

 

OUTI dst, src, r dst: IR
OUTIB src: IR
SOUTI
SOUTIB

Operation: dst «- src
AUTOINCREMENTsrc (by 1 if byte, by 2 if word)
r«+r-]

This instruction is used for block output of strings of data. OUTI and OUTIB are
used for normal I/O operation; SOUTI and SOUTIBare usedfor special I/O opera-
tion. The contents of the memory location addressed by the source register are
loaded into the I/O port addressed by the destination word register. I/O port
addresses are 16-bit. The source register is then incremented by oneif a byte
instruction, or by two if a word instruction, thus moving the pointer to the next ele-
mentof the string in memory. The word register specified by “r’’ (used as a counter)
is then decremented by one. The addressof the I/O port in the source registeris
unchanged.

Flags C: Unaffected
Z: Undefined
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected
H: Unaffected

 

 

 

 

 

    
 

 

 

     

Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: OUT! @Rd, @Rs!, r 0011101/W Rs [0015S 0011101|W Rs [0018S
OUTIB @Rd, @Rsl, r 21 21
SOUTI @Rd, @Rs!, r oooo| +r Rd |1000 oooo] + ra [1000
SOUTIB @Rd, @Rs!, r     
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Example: This instruction can be used in a “loop”of instructions which outputs a string of |
data, but an intermediate operation on each elementis required. The following
sequence outputs a string of 80 ASCII characters (bytes) with the most significant bit
of each byteset or reset to provide even parity for the entire byte. Bit 7 of each
characteris initially zero. This example assumes nonsegmented mode. In segmented
mode, R2 would be replaced with a register pair.

LD Rl, #PORT !load I/O address!
LDA R2, SRCSTART !load start of string!
LD R3, #80 linitialize counter!

LOOP:
TESTB @R2 ltest byte parity!
JR PE, EVEN
SETB @R2, #7 force even parity!

EVEN:
OUTIB @Rl1, @R2, R3 loutput next byte!

JR NOV, LOOP !repeat until counter = 0!
DONE:

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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Pop

 

 

dst: R, IR, DA, X

 

 

 

 

POPdst, src {3
POPL src: IR

Ne a

Operation: dst«src
AUTOINCREMENTsrc (by 2 if word, by 4 if long)

The contents of the location addressed by the source register (a stack pointer) are

loaded into the destination. The source register is then incremented by a value
which equals the size in bytes of the destination operand, thus removing the top ele-
mentof the stack by changing the stack pointer. Any register except RO (or RROin
segmented mode) can be used as a stack pointer.

With the POPLinstruction, the same register cannot be used in both the source and
destination addressing fields.

Flags: Noflags affected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Ref rornsers fener] 8 [oleerierla ]]
porera.@rs' |Goferavorerolme] |12 |[rolorerorferolma ]| 12

HR: PoP @al, @Re fooforoiit|rseolnavo] 12 [oo[ororss]aseo|maxo]| 12
POPL @Ra!, ers! |(eoferoror[mvolmere] |19 |[eoferoror[mroeara]| 19

DA: POP address, @Rs!AGATESS, NS o1{010111| Rs+0 |0000 is |ss 01{ 010111] Rs#0|0000 16

address o| segment offset

01| 010111] Rsx0 [0000

SL|1|segment 0000 0000 18

offset

POPL add , @Rsiaddress, @Rs 01/010101] Rsz0 (0000 23 Iss 01/010101

|

Rs#0|0000 93
address o| segment offset

01{010101 Rs¥0 [0000
SL 1| segment 00000000 25

offset
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Destination Nonsegmented Mode Segmented Mode >
 

 

 

 

 

   

 

 

   

   

 

 

 

 

  
 

 

 

 

 

 

       
 

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

X: POP addr(Rd), @Rs! o1[oro1a1 Rezo|Ravo Daporo133 havo] Ravo
16 ss 16

address 0} segment offset

01] 010411| Rsx0 | Rdx0
SL|1] segment 0000 0000 19

offset

POPLaddr(Rd), @Rs! 01] 010101 Rsz0 |Rdz0 01/010101 Rsz0Rdz0
23 $s 23

address o| segment offset

01| 010101 Rsz0| Rd+0

SL|1| segment 0000 0000 26

offset

Example: In nonsegmented mode,if register R12 (a stack pointer) contains %1000, the word at
location %1000 contains %0055, and register R3 contains %0022, the instruction

POP R3, @R12

will leave the value %0055 in R3 and the value %1002 in R12. In segmented mode,

a register pair must be used as the stack pointer instead of R12.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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PUSHdst,srcCastIR oe Cy
PUSHL | src: R, IM, IR, DA, X

Operation: AUTODECREMENTdst (by 2 if word, by 4 if long)
dst < src

The contents of the destination register (a stack pointer) are decremented by a value
which equals the size in bytes of the source operand. Then the source operandis
loaded into the location addressed by the updated destination register, thus adding a
new elementto the top of the stack by changing the stack pointer. Any register
except RO (or RRO in segmented mode) can be used as a stack pointer.

With PUSHL, the same register cannot be used for both the source and destination
addressing fields.
 

 

 

 

Flags: Noflags affected

Source Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: PUSH @Rdl, Rs

© o010011 Rd¥0 Rd+0

  

  

      

rusatena. ms

|

orotate]

|

2

|

[oleteele]| 12
IM: PUSH @Radl, #data 00| 001101 Rdx0 | 1001 00] 001101| Rd+0 | 1001 12

data "2 data

IR: PUSH @Rdl, @Rs! feroors[ravo]mere]| 13
20PUSHL @Rd!, @Rs!

foxoors[aarelero] 12
20

 
 

  

   
 

 

 

 

 

 
 

  

    

 

   

DA: PUSH @Rdl, address 01| 010011 | Rdx0|0000 01] 010011 Rdx0 | 0000
14 ss 14

address o| segment offset

01/ 010011 Rd+0 |0000

SL 1| segment 00000000 16

offset

PUSH @Rdl, address 011010001 | Rdx0 [0000 241 Ss 01] 010001 Rd+0|0000 24

address 0} segment offset

01| 010001 Rd+0 ]0000

SL|1| segment |0000 0000 23

offset        
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Source Nonsegmented Mode . Segmented Mode

Addressing |Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles

X: PUSH @Rad!, addr(Rs) 01] 010011|Rdz0| Rsz0 1a Iss 01| 010011 Rav0| Rs¥0 14
address | segment offset

01] 010011 Rdx0 | Rs#0

SL|1{ segment 0000 0000 17

offset

PUSHL @Radl, addr(Rs) [947010001 ndz0 Rs+0 0 R Rs+0| | Rdx0 | Rs# o1 Iss 1].010001| Rd+0| Rs# 21
address 0| segment offset

01] 010001 Rd+0 | Rs+0

SL|1] segment |00000000]! 24
offset

Example: In nonsegmented mode, if register R12 (a stack pointer) contains %1002, the word at
location %1000 contains %0055, and register R3 contains %0022, the instruction

PUSH @R12, R3

will leave the value %0022 in location %1000 and the value %1000 in R12. In

segmented mode,a register pair must be used as the stack pointer instead of R12.
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RES~
Reset Bit -
 

Operation:

RESdst, src dst: R, IR, DA, X
RESB src: IM

, or

dst: R
src: R

dst(src) « 0

This instruction clears the specified bit within the destination operand without
affecting any other bits in the destination. The source (the bit number) can be
specified as either an immediate value (Static), or as a word register which contains
the value (Dynamic). In the second case, the destination operand must be a register,
and the source operand must be RO through R7 for RESB, or RO through R15 for
RES. The bit numberis a value from 0 to 7 for RESB, or 0 to 15 for RES, with 0
indicating the least significantbit.

Only the lower four bits of the source operand are used to specify the bit numberfor
RES, while only the lower three bits of the source operand are used with RESB.
Whenthe source operand is an immediate value, the “src field” in the instruction
format encoding contains the bit number in the lowest four bits for RES, or the

lowest three bits for RESB.
 

Flags: Noflags affected
 

Reset Bit Static
 

 

 

 

 

   

 

 

   

 

 

 

 

 

 

 

 

 

 

 

   

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: RES Rd, #b
RESB Rid, fb rolroooijw|ra6 4 Hrolrooorjw]rdb 4

IR: RES @Rd!, #bRESORG) feofroootwfrcop 11 [eoroooqwlrwoyol) 1
DA: RES address, #bRESB addrees, gb o1|10001|w/o000] b 13. |ss 01]10001/w|0000|b 14

address 0| segment offset

01/10001/w/o000| b

SL 1| segment 0000 0000 16

offset

xX: RES addr(Rd), #bRESB addy(Ra) #b 01/10001/w| Rd+0| b 14 Iss 01/10001|w| Rdzo| b 14

address 0 | segment offset

01/10001|w| Rdx0| b

SL 1| segment 0000 0000 17

offset         
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Reset Bit Dynamic ekEF
 

 

 

  

  

                

Source Nonsegmented Mode Segmented Mode
\\ Addressing Assembler Language

Mode |: Syntax Instruction Format Cycles Instruction Format Cycles

R: ARSEGioRe 00|10001/w|0000| Rs 40 00|10001|wio000| Rs 10
o000| rd |0000|/0000 0000| Rd [0000/0000

Example: If register RL3 contains %B2 (10110010), the instruction

RESB_ RL3, #1

will leave the value %BO (10110000) in RLS.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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RESFLG
 

Reset Flag_

Operation: :

RESFLG flag flag: C, Z, S, P, V_

FLAGS (4:7) « FLAGS (4:7) AND NOTinstruction (4:7)

' Any combination of the C, Z, S, P or V flags are cleared to zero if the corresponding
bits in the instruction are one. If the bit in the instruction corresponding to flag is
zero, the flag will not be affected. All other bits in the FLAGS register are
unaffected. Note that the P and V flags are represented by the same bit.

There may be one, two, three, or four operands in the assembly language statement,
in any order.
 

C: Cleared if specified, unaffected otherwise
Z: Cleared if specified, unaffected otherwise
S: Cleared if specified, unaffected otherwise
P/V: Clearedif specified, unaffected otherwise
D: Unatfected
H: Unaffected
 

Assembler Language
Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles Instruction Format Cycles

 

 RESFLG flags foleorioipezsmnfoors]

|

7

|

[raloorsorfozemmfoors]

|

7    
 

Example: If the C, S, and V flags are set (1) and the Z flag is clear (0), the statement

RESFLG C, V

will leave the S flag set (1), and the C, Z, and V flags cleared (0).
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| RET cc

Operation: Nonsegmented Segmented

if cc is true then if cc is true then
PC « @SP PC «= @SP

SP «+ SP + 2 SP « SP + 4

This instruction is used to return to a previously executed procedure at the end of a
procedure entered by a CALL or CALRinstruction. If the condition specified by
“ec’’ is satisfied by the flags in the FCW, then the contents of the location addressed
by the processor stack pointer are popped into the program counter (PC). The next
instruction executed is that addressed by the new contents of the PC. See section
6.6.1 for a list of condition codes. The stack pointer used is R15 in nonsegmented
mode, or RR14 in segmented mode.If the condition is not satisfied, then the instruc-
tion following the RETinstruction is executed. If no condition is specified, the return
is taken regardless of the flag settings.
 

Flags: Noflags affected
 

Nonsegmented Mode Segmented Mode
 Addressing Assembler Language

Mode Syntax Instruction Format Cycles! Instruction Format Cycles!

RET cc foerrivefoooe]ce] wor froforrofoooo]we] ta7
 

      
Example: In nonsegmented mode, if the program counter contains %2550, the stack pointer

(R15) contains %3000, location %3000 contains %1004, and the Z flag is clear, then
the instruction

RET NZ

will leave the value %3002 in the stack pointer and the program counterwill contain
% 1004 (the address of the next instruction to be executed).

 

Note 1: The two values correspond to return taken and return not taken.
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Rotate Left
 

RLdst, src dst: R Cc

 

 
 

 

 

  

 

 

 

RLB src: IM

Operation: Do src times: (src = 1 or 2)
tmp < dst
c «+ tmp (msb)

dst(0) < tmp (msb)
dst (n + 1) + tmp (n) (forn = Oto msb — 1)

15 0

Word: Jt |—~

7 0

Byte: [ehY

The contents of the destination operand are rotated left one bit position if the source
operandis 1, or two bit positions if the source operand is 2. The most significant bit
(msb) of the destination operand is moved to the bit 0 position and also replaces the
C flag.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.

Flags: C: Set if the last bit rotated from the most significant bit position was 1; cleared
otherwise

Z: Set if the result is zero; cleared otherwise

S: Set if the most significant bit of the result is set; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if the sign of the destination changed

during rotation; cleared otherwise
D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax! Instruction Format2 Cycles3 Instruction Format2 Cycles3

 

R:
RLBRtfn ojstoorw]adfos]

|

ei

|

frojrtoojw]rapose]

|

or     
 

Example: If register RH5 contains %88 (10001000), the statement

RLB RH5

will leave the value %11 (00010001) in RH5 and the Carryflag will be set to one.

 

Note 1: n = source operand.

Note 2: s = OQ for rotation by | bit; s = ! for rotation by 2 bits.

Note 3: The given execution times are for rotation by 1 and 2 bits respectively.
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Rotate Left through Carry

 

 

RLC dst: R

 

 

 
 

 

  

 

 

 

 

     
 

RLCB src: IM

Operation: Do src times: (src = | or 2)

tmp « c

c + dst (msb)
dst (n + 1) « dst (n) (for n = msb—1! to 0)
dst (0) « tmp

15 0

Word: ito] x

7 0

Byte: |

The contents of the destination operand with the C flag are rotated left one bit posi-
tion if the source operand is 1, or two bit positions if the source operand is 2. The

most significant bit (msb) of the destination operand replaces the C flag and the
previous value of the C flag is moved to the bit 0 position of the destination during
each rotation.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.

Flags C: Set if the last bit rotated from the most significant bit position was 1; cleared
otherwise

Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise

V: Set if arithmetic overflow occurs, that is, if the sign of the destination changed
during rotation; cleared otherwise

D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax! Instruction Format2 Cycles3 Instruction Format2 Cycles3

R: RLC Rd,RLCB Rb4. gn fvofsvoos]w]rafrolsfo] ei [solisoox]w]rafrolsfo] ei

Example: If the Carry flag is clear (= 0) and register RO contains %800F (1000000000001111),
the statement

RLC RO,#2

will leave the value %003D (0000000000111101) in RO and clear the Carry flag.

 

Note 1: n = source operand.

Note 2: s = 0 for rotation by | bit; s = 1 for rotation by 2 bits.

Note 3: The given execution times are for rotation by | and 2 bits respectively.
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RotateLeft Digit
 

 

 

 

 

 

 

 

 

 RLDB link, sro src: R ( . }
_ link: R

Operation: tmp (0:3) + link (0:3)
link (0:3) < src (4:7)
src (4:7) « src (0:3)
sre (0:3) < tmp (0:3)

7 43 | 0 7 43 ' 0

link } | | | , | | src

The low digit of the link byte register is logically concatenated to the source byte
register. The resulting three-digit quantity is rotated to the left by one BCD digit
(four bits). The lower digit of the source is moved to the upper digit of the source;
the upperdigit of the link and the lower digit of the link are moved to the lower digit
of the source. The upperdigit of the link is unaffected. In multiple-digit BCD
arithmetic, this instruction can be usedto shift to the left a string of BCD digits, thus
multiplying it by a powerof ten. The link serves to transfer digits between successive
bytes of the string. This is analogous to the use of the Carry flag in multiple
precision shifting using the RLC instruction.

The same byte register must not be used as both the source and thelink. /

Flags: C: Unaffected
Z: Set if the link is zero after the operation; cleared otherwise
S: Undefined
V: Unatfected
D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R:  RLDB Rbl, Rbs Pelle] |o |flopTm] |9    
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+)

 

 

Example: If location 100 contains the BCD digits 0,1 (00000001), locat on 101 contains 2
(00100011), and location 102 contains 4,5 (01000101)

100 101 [2[3]

the sequence of statements

LD R3,#43

LDA R2,#102
CLRB RH1

LOCP:
LDB RL1,@R2

RLDB RH1,RL1
LDB @R2,RL1

DEC R2
DINZ R3, LOOP

ae te eyes
eee Re Bx NER fog # aw %FE Sa RS OEP OP Sa SSR.

: at
tapi WE De.fa, 0 ME

!set loop counter for 3 bytes!
1(6 digits)!

!set pointer to low-order digits!
!zero-fill low-order digit!

!get next two digits!
!shift digits left one position!
lreplace shifted digits!
ladvance pointer!
lrepeat until counter is zero!

will leave the digits 1,2 (00010010) in location 100, the digits 3,4 (00110100) in loca-

tion 101, and the digits 5,0 (01010000) in location 102.

102

In segmented mode, R2 would be replaced by a register pair.

100 [2] lol [2]4]
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RR : : Tyee fe Re

Rotate Right a oo :

RR dst, src — dst: R - | Cy

 

 

RRB src: IM

Operation: Do src times: (src = 1 or 2)
tmp < dst

c + tmp (0)
dst (msb) <- tmp (0)
dst (n-—1) «+ tmp (n) (for n=1 to msb)
 

15 9

Word: | HE]

Byte: LE

The contents of the destination operand are rotated right one bit position if the

source operandis |, or two bit positions if the source operand is 2. The least signifi-
cant bit of the destination operand is moved to the most significant bit (msb) and
also replaces the C flag.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.

 

 

  

 

 

 

 

     
 

Flags: C: Set if the last bit rotated from the least significant position was 1; cleared
otherwise

Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise
V: Set if arithmetic overflow occurs,that is, if the sign of the destination changed

during rotation; cleared otherwise
D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format! Cycles? Instruction Format! Cycles?

Rs RABRDAgn jrojatoosjw]rajorjsjo} 7 |rojrioo1jw)rajoisjo] 6/7

Example: If register RL6 contains %31 (00110001), the statement

RRB RL6

will leave the value %98 (10011000) in RL6 and the Carry flag will be set to one.

 

Note 1: s = 0 for rotation by 1 bit; s = 1 for rotation by 2 bits.

Note 2: The given execution times are for rotation by | and 2 bits respectively.
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Rotate Right through Carry |

 

 

 

  

 

 

  

 

 

 

 

     
 

RRC dst, src dst: R
RRCB src: IM

Operation: Do src times: (src = 1 or 2)

tmp « c

c + dst (0)
dst (n) « dst (n + 1) (forn = Oto msb — 1)
dst (msb) « tmp

15 0

Word: |» {eh

7 0

Byte: |

The contents of the destination operand with the C flag are rotated onebit position if
the source operandis 1, or two bit positions if the source operand is 2. The least
significant bit of the destination operand replaces the C flag and the previous value
of the C flag is moved to the mostsignificant bit (msb) position of the destination
during each rotation.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.

Flags: C: Set if the last bit rotated from the least significant bit position was 1; cleared
otherwise

Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if the sign of the destination changed

during rotation; cleared otherwise

D: Unaffected
H: Unatfected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format! Cycles? Instruction Format! Cycles?

RRC Rd,#RRCB Rd.fn rolrsoosjw}ra_rajsio} a7 [rolrtoosw]ra[ri[slol a7

Example: If the Carry flag is clear (=0) and the register RO contains %00DD
(000000011011101), the statement

RRC RO,#2

will leave the value %8037 (10000000110111) in RO and clear the Carry flag.

 

Note 1: s = 0 for rotation by 1 bit: s = 1 for rotation by 2 bits

Note 2: The given execution times are for rotation by 1 and 2 bits respectively.
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RRDBlink, src src: R _ {*
link: R ed

Operation: tmp (0:3) « link (0:3)

link (0:3) « src (0:3)
src (0:3) <— src (4:7)
src (4:7) + tmp (0:3)

7 4 3 0 7 ys 4 3 { 0

link | | | { | | src

t

The low digit of the link byte register is logically concatenated to the source byte
register. The resulting three-digit quantity is rotated to the right by one BCD digit

(four bits).

The lower digit of the source is moved to the lower digit of the link; the upperdigit
of the source is moved to the lower digit of the source and the lower digit of the link
is moved to the upperdigit of the source.

The upperdigit of the link is unaffected. In multiple-digit BCD arithmetic, this
instruction can be usedto shift to the right a string of BCD digits, thus dividing it by
a powerof ten. The link serves to transfer digits between successive bytes of the
string. This is analogous to the use of the carry flag in multiple precision shifting

using the RRC instruction.

The same byte register must not be used as both the source and the link.

Flags C: Unaffected
Z: Set if the link is zero after the operation; cleared otherwise
S: Undefined
V: Unaffected
D: Unaffected

H: Unaffected

Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R:  RDB Rb, Res fosrveolwe[er] |e foeopate] |     
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Example: If location 100 contains the BCD digits 1,2 (00010010), location 101 contains 3,4 .
(00110100), and location 102 contains 5,6 (01010110)

100 101 102CT
the sequence of statements

LD R3,#3 !set loop counterfor 3 bytes (6
digits)! -

LDA R2,100 !set pointer to high-orderdigits!
CLRB RH1 !zero-fill high-orderdigit!

LOOP:
LDB RL1,@R2 !get next two digits!
RRDB RH1,RL1 Ishift digits right one position!
LDB @R2,RL1 lreplace shifted digits!
INC R2 ladvance pointer!
DJNZ R3,LOOP !repeat until counteris zero!

will leave the digits 0,1 (00000001) in location 100, the digits 2,3 (00100011) in loca-
tion 101, and the digits 4,5 (01000101) in location 102. RH1 will contain 6, the
remainder from dividing the string by 10.

100 101 102

EL]
In segmented mode, R2 would be replaced by a register pair.
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SBC
 

Subtract with Carry

SBC dst, src ~ dst: R ‘=

SBCB src: R ,

Operation: dst < dst - src — C

The source operand, along with the setting of the carry flag, is subtracted from the
destination operand andthe result is stored in the destination. The contents of the
source are not affected. Subtraction is performed by adding the two’s complementof
the source operandto the destination operand. In multiple precision arithmetic, this
instruction permits the carry (“borrow”) from the subtraction of low-order operands
to be subtracted from the subtraction of high-order operands.

 

Flags: C: Cleared if there is a carry from the most significant bit of the result; set
otherwise, indicating a “borrow”
Set if the result is zero; cleared otherwise

: Set if the result is negative; cleared otherwise
: Set if arithmetic overflow occurs, that is, if the operands were of opposite signs
and the sign of the result is the same as the sign of the source; cleared otherwise

: SBC—-unaffected; SBCB—set
: SBC—unaffected; SBCB—cleared if there is a carry from the most significant bit
of the low-order four bits of the result; set otherwise, indicating a “borrow”

m
o

<
O
N

 

Addressing

Mode

Nonsegmented Mode Segmented Mode

 Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

 

R:

 SBCERivRbs fopraorgqw]ws[ra] s frolrorwlns[ma] s    
 

Example: Long subtraction may be donewith the following instruction sequence, assuming RO,
R1] contain one operand and R2, R3 contain the other operand:

SUB RI,R3 tsubtract low-order words!
SBC RO,R2 lsubtract carry and high-order words!

If RO contains %0038, R1 contains %4000, R2 contains %000A and R3 contains
%FOOO, then the above two instructions leave the value %002D in RO and %5000

in Rl.
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Privileged Instruction

"System Call
 

Operation:

SC src src: IM

Nonsegmented Segmented
SP « SP - 4 SP « SP - 6
@SP « PS @SP « PS
SP « SP - 2 SP «- SP -— 2
@SP < instruction @SP + instruction

PS « System Call PS PS « System Call PS

This instruction is used for controlled access to operating system software in a man-
ner similar to a trap or interrupt. The current program status (PS) is pushed on the
system processor stack, and then the instruction itself, which includes the source
operand (an 8-bit value) is pushed. The PS includes the Flag and Control Word
(FCW), and the updated program counter (PC). (The updated program counter
value used is the address of the first instruction byte following the SC instruction.)

The system stack pointer is always used (R15 in nonsegmented mode, or RR14 in
segmented mode), regardless of whether system or normal modeis in effect. The
new PSis then loaded from the Program Status block associated with the System

Call trap (see section 6.2.4), and control is passed to the procedure whose addressis
the program counter value contained in the new PS. This procedure may inspect the
source operand on the top of the stack to determine the particular software service
desired.

The following figureillustrates the format of the saved program status in the system
stack:

NONSEGMENTED SEGMENTED

LOW LOW
ADDRESS ADDRESS

SP AFTER ——»/| IDENTIFIER
 

STACK POINTER
AFTER TRAP ——»| IDENTIFIER Fcw
OR INTERRUPT FCW PC SEGMENT

PC PC OFFSET
STACK POINTER
BEFORE TRAP. ——» SP BEFORE ——»
OR INTERRUPT

  

  

  

  

  

~«— 1 WORD-+| ~<— 1 WORD>
HIGH HIGH
ADDRESS ADDRESS    

The Z8001 version always executes the segmented modeof the System Call instruc-
tion, regardless of the current mode, and sets the Segmentation Mode bit (SEG) to

segmented mode (=1) at the start of the SC instruction execution. Both the Z8001
and 28002 versions set the System/Normal Mode bit (S/N) to system mode (= 1) at
the start of the SC instruction execution. The status pins reflect the setting of these
control bits during the execution of the SC instruction. However, the setting of SEG
and S/N does not affect the value of these bits in the old FCW pushed onto the stack.
The new value of the FCW is not effective until the next instruction, so that the status
pins will not be affected by the new control bits until after the SC instruction execu-
tion is completed.

The “sre field” in the instruction format encoding contains the source operand. The
“sre field” values range from 0 to 255 corresponding to the source values 0 to 255.
 

Flags: Noflags affected
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‘Source Nonsegmented Mode Segmented Mode
Addressing| Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IM: 0 for Petee] x Poee

Example: In the nonsegmented Z8002, if the contents of the program counter are %1000, the
contents of the system stack pointer (R15) are %3006, and the program counter
value associated with the System Call trap in the Program Status Area is %2000, the

instruction

SC #8 !system call, request code = 3}

causes the system stack pointer to be decremented to %3000. Location %3000 con-
tains %7FO3 (the SC instruction). Location %3002 contains the old FCW, and loca-
tion %3004 contains %1002 (the address of the instruction following the SC instruc-
tion). System modeis in effect, and the program counter contains the value %2000,
whichis the start of a System Call trap handler.
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Shift Dynamic Arithmetic |

- SDAB src; R
SDAL

Operation: Right
Dosrc times:

c « dst (0)
dst (n) « dst (n + 1) (forn = Oto msb — 1)
dst (msb) < dst (msb)

Do src times:
c « dst (msb)
dst (n + 1) « dst (n) (for n = msb — 1 to 0)
dst (0) « 0

Right Left .
7 0 7 Q

Byte: CL[k{

15 0 15 0

Word: | | H-fe] }x—o

|
18 0 16 Q

Long: >| | Rn [ce] Rn je

|

15 0 15 0

Lol Rn+1 Rn+1 jx—o

n=0,2,4,...,14 n=0,2,4,...,14

The destination operandis shifted arithmetically left or right by the numberof bit
positions specified by the contents of the source operand, a wordregister.

The shift count ranges from -8 to +8 for SDAB, from -16 to +16 for SDA and from
-32 to +32 for SDAL. If the value is outside the specified range, the operation is
undefined. The source operand is represented as a 16-bit two’s complement value.
Positive values specify a left shift, while negative values specify a right shift. A shift

of zero positions does not affect the destination; however, the flags are set according
to the destination value. The sign bit is replicated in shifts to the right, and the C
flag is loaded from bit 0 of the destination. The least significant bit is filled with O in
shifts to the left, and the C flag is loaded from the most significant bit (msb) of the

destination.

Flags: C: Set if the last bit shifted from the destination was 1, cleared otherwise
Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if the sign of the destination changed

during shifting; cleared otherwise

D: Unaffected
H: Unaffected
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Segmented Mode

 

 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

       
 

Destination Nonsegmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles! Instruction Format Cycles!

R: SDA Rd,Rs 10/110011| Rd |1011 tofit0011| Ra [1041
15+3n 16+3n

0000| Rs 00000000 0000| Rs 00000000

SDAB Rbd, Rs‘ 10/110010] Rd [1011 10/110010| Ra |1041
It 15+3n [1 | 15+3n

0000] Rs 00000000 0000/ rs 00000000

SDAL RRd,Rs 1o[ 110014, Rd [1144 154+3n to] 140011] Ra [1111 1543n

0000| Rs 00000000 0000] Rs 00000000

Example: If register R5 contains %C705 (1100011100000101) and register Rl contains —2
(%FFFE or 1111111111111110), the statement

SDA R5,Rl

performs an arithmetic right shift of two bit positions, leaves the value %F1C1
(1111000111000001) in R5, and clears the Carry flag.

 

Note 1: n = numberof bit positions; the execution time for n =0 is the same as for n = 1.

~
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_ ShiftDynamicLogical

  

  

  

  

   
  

  

 

SDL dst, src _ dst: R
SDLB src: R
SDLL

Operation: Right
‘Dosrc times

c « dst (0)
dst (n) « dst (n + 1) (forn = Oto msb —- 1)

dst (msb) «- 0

Left
Do src times

c « dst (msb)

dst (n + 1) « dst (n) (for n = msb — | to 0)

dst (0) +

Right Left
7 0 7 0

Bytes oe)ERA

18 0 15 0

Word: o—>| }+[c] [e+ : |e

15 0 15 Go

Long: 0 —| Rn T Rn je

16 0 1§ 0

Ro+1 L-[c] Ra+1 feo

n=0,2,4,...,14 n=0,2,4,...,14

The destination operand is shifted logically left or right by the numberof bit posi-
tions specified by the contents of the source operand, a word register. The shift
count ranges from -8 to +8 for SDLB, from -16 to +16 for SDLB and from -32 to
+ 32 for SDLL.If the value is outside the specified range, the operation is
undefined. The source operand is represented as a 16-bit two’s complement value.
Positive values specify a left shift, while negative values specify a right shift. A shift
of zero positions does not affect the destination; however, the flags are set according
to the destination value. The most significant bit (msb) is filled with 0 in shifts to the
right, and the C flag is loaded from bit 0 of the destination. The least significant bit
is filled with O in shifts to the left, and the C flag is loaded from the most significant
bit of the destination.

Flags: C: Set if the last bit shifted from the destination was 1; cleared otherwise
Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise
V: Undefined
D: Unaffected
H: Unaffected
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Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: SDL Rd, Rs 1o]110011{ Rd|0011 t0/110011] Ra [oor ( »
15+3n 15+3n

0000| Rs 00000000 o000| Rs 0000 0000

SDLB Rbd, Rs 10{110010{ Ra |oott 10{110010| Rd [0011
15+3n 15+3n

oo00| rs 00000000 0000] ars 00000000

SDLL RRd, Rs 10[ 110011] Rd fo114 to] 110011| Rd [ott
15+3n 15+3n

0000] Rs 0000 0000 0000] Rs 00000000

Example: If register RLS contains %B3 (10110011) and register R1 contains 4
(O000000000000100), the statement

SDLB RL5,R1

performsa logicalleft shift of four bit positions, leaves the value %30 (00110000) in

RLS, and sets the Carry flag.

 

Note 1: n = numberof bit positions; the execution time for n = 0 is the same as forn = }.
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Operation:

‘SET dst, src
SETB

dst(src) « 1

dst: R, IR, DA, X
src: IM ©
or, one

dst:
src:

R
R

Sets the specified bit within the destination operand without affecting any otherbits
in the destination. The source (the bit number) can be specified as either an immedi-
ate value (Static), or as a word register which contains the value (Dynamic). In the
second case, the destination operand must be a register, and the source operand
must be RO through R7 for SETB, or RO through R15 for SET. The bit numberis a
value from 0 to 7 for SETB or 0 to 15 for SET, with 0 indicating the least significant
bit.

Only the lower four bits of the source operandare used to specify the bit numberfor
SET, while only the lower three bits of the source operand are used with SETB.
Whenthe source operand is an immediate value, the “src field” in the instruction
format encoding contains the bit numberin the lowest four bits for SET, or the

lowest three bits for SETB.

 

Flags: No flags affected
 

Set Bit Static
 

Destination

Addressing Assembler Language

Nonsegmented Mode Segmented Mode
 

 

 

 

   

 

 

   

 

 

 

 

   
 

 

 

 

 

   

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R:
SETRRoa,fb rofroorefwyea]» 4 [rolroorefw]ne]» 4

IR:
SETSendl fb foofroorofwpaco]© 11 [oofroorofw[newo]» 11

DA: SETRthaneab 01[10010/w| 0000 b 5 01(/10010|w ooo] b 1

, address 18 s 0 | segment offset 4

01/10010|w/0000| b
SL 1|segment 00000000 16

offset

x: SETRaaa)gb 01]10010|W| Rd#0| b ss 01|10010/W Rs+0 | b 14

‘ address 14 0} segment offset

01]1 0010/W Rs +0 | b

SL 1] segment 00000000 17

otfset        
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SetBit Dynamic
 

Nonsegmented Mode Segmented Mode
 

Cycles Cy
 

 
 

 

      
 

 

       

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format

R: SETRd, Rs 00/10010|w 0000| Rs 00|10010|W 0000| Rs
SETB Rbd, Rs 10 10

0000| Rd 00000000 0000| Rd 00000000

Example: If register RL3 contains %B2 (10110010) and register R2 contains the value 6, the
instruction

SETB RL3, R2

will leave the value %F2 (11110010) in RL3.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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‘Set
 

Operation:

SETFLGflag Flag: C, Z, 5, P, V

FLAGS (4:7) « FLAGS (4:7) OR instruction (4:7)

Any combination of the C, Z, S, P or V flags are set to one if the corresponding bits
in the instruction are one.If the bit in the instruction correspondingto a flag is zero,
the flag will not be affected. All other bits in the FLAGSregister are unaffected.
Note that the P and V flags are represented by the samebit.

There may be one, two, three, or four operands in the assembly language statement,
in any order.
 

Flags: C: Set if specified; unaffected otherwise
Z: Set if specified; unaffected otherwise
S: Set if specified; unaffected otherwise
P/V: Set if specified; unaffected otherwise
D: Unaffected
H: Unaffected
 

Nonsegmented Mode Segmented Mode
 Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

 

 SETFLG fags froverrerpzsewfooos]

|

7

|

[rovorvorfesenfoon]

|

7     
Example: If the C, Z, and S flags are all clear (0), and the P flag is set (1), the statement

SETFLG C

will leave the C and P flags set (1), and the Z and S flags cleared (0).
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Shift Left Arithmetic

 

 

 

 

 
 

 

 

 

SLA dst, src dst: R cee {
SLAB src: IM -
SLAL

Operation: Do src times:
c «+ dst (msb)
dst (n + 1) « dst (n) (forn = msb — 1 to 0)
dst (0) « 0

7 0

Byte: [e}e{—
15 0

Word: [e}< fo

15 0

Long: fe} Ra |

15 0

Rn+1 jx

n = 0, 2,4, ..., 14

The destination operand is shifted arithmetically left the numberof bit positions
specified by the source operand. For SLAB, the source is in the range 0 to 8; for
SLA, the source is in the range 0 to 16; for SLAL, the source is in the range 0 to 32.
A shift of zero positions does not affect the destination; however, the flags are set
according to the destination value. The least significant bit of the destination is filled
with 0, and the C flag is loaded from the sign bit of the destination. This operation is
the equivalent of a multiplication of the destination by a power of two with overflow
indication.

The sre field is encoded in the instruction format as the 8- or 16-bit two's
complementpositive value of the source operand. For each operandsize, the
operation is undefined if the source operandis not in the specified range.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.

Flags: C: Set if the last bit shifted from the destination was 1; cleared otherwise
Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if arithmetic overflow occurs, thatis, if the sign of the destination changed

during shifting; cleared otherwise
D: Unaffected
H: Unaffected
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Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles! Instruction Format Cycles!

) R: SLA Rd, #b/ ' 101110011] Rd |1001 1011100141] Rd0| | | 13+3b | [| | 1001 1343b
b b

SLAB Rbd, #b 1 1to] 110010] Rd {1001 134.3b 10] 110010 Ra | 1001 1343b
b b b b

SLAL RRd, #b 10} 110011] Rd [1101 1343b to] 110011] Ra {1101 1343b
b b

Example: If register pair RR2 contains %1234ABCD, the statement

SLAL RR2,48

will leave the value %34ABCD00 in RR2 and clearthe Carryflag.

 

Note 1: b = numberof bit positions; the execution time for b = 0 is the same as for b = 1.
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SLL dst, src dst: Ro
SLB src: IM
SLLL

Operation: Do src times: |
c + dst (msb)
dst (n + 1) < dst (n) (for n = msb — 1 to 0)
dst (0) + 0

7 0

Byte: [e-{
15 , 0

Word: je

15 0

Long: [¢ Rn I

15 0

Ro+1 je

n = 0, 2,4, ..., 14

The destination operand is shifted logically left by the numberof bit positions
specified by the source operand. For SLLB,the source is in the range 0 to 8; for
SLL, the source is in the range 0 to 16; for SLLL, the sourceis in the range 0 to 32.
A shift of zero positions does not affect the destination; however, the flags are set
according to the destination value. The least significant bit of the destination is filled
with 0, and the C flag is loaded from the most significant bit (msb) of the destina-
tion. This instruction performs an unsigned multiplication of the destination by a
powerof two.

The src field is encoded in the instruction format as the 8- or 16-bit positive value of
the source operand. For each operandsize, the operation is undefined if the source
operandis not in the specified range.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.

Flags C: Set if the last bit shifted from the destination was 1; cleared otherwise
Z: Set if the result is zero; cleared otherwise

S: Set if the most significant bit of the result is set; cleared otherwise
V: Undefined
D: Unaffected
H: Unatfected
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Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles! Instruction Format Cycles!

R: SLL Rd, #b 1o/110011| Ra [0001 1of110011| Ra |ooot
13+ 3b 13+3b

b b

SLLB Rbd, #b 101110010] Rd |o001 10]110010| Rd |o001| 134+3b | | 13+3b
b b b b

SLLL RRd, #b 1o{110011| Rd [0104 1343b 10} 110011] Rd [oto1 1343b
b b

Example: If register R3 contains %4321 (0100001100100001), the statement

SLL R3,#1

will leave the value %8642 (1000011001000010) in R3 and clear the carryflag.

 

Note 1: b = numberof bit positions; the execution time for b =0 is the same as for b = 1.

6-139



ShiftRightArithmetic

Operation:

“SRA‘dst,src dst:RD
SRAB | src: IM
SRAL

Do src times:
c +dst (0)
dst (n) « dst (n + 1)(forn = Oto msb — 1)
dst (msb) < dst (msb)

Byte +o

Word: ->| | }+[e]

Long: | | Rn

|__|

Le rs HE
n = 0, 2, 4, ..., 14

  
 

The destination operandis shifted arithmetically right by the numberofbit positions
specified by the source operands. For SRAB,the sourceis in the range 0 to 8; for
SRA, the sourceis in the range 0 to 16; for SRAL,the sourceis in the range 0 to 32.
A shift of zero positions does not affect the destination, however, the flags are set
according to the destination value. The mostsignificant bit (msb) of the destination is
replicated, and the C flag is loaded from bit 0 of the destination, this instruction per-
foms a signed division of the destination by a power of two.

Thesrc field is encoded in the instruction format as the 8- or 16-bit two's
complement negative of the source operand. For each operand size, the
operation is undefined if the source operandis not in the specified range.

The source operand may be omitted from the assembly language statement and thus
defaults to the value 1.
 

Flags: : Set if the last bit shifted from the destination was 1; cleared otherwise

Set if the result is zero; cleared otherwise
Set if the result is negative; cleared otherwise

: Cleared
: Unaffected
: Unaffectedm
O
s
S
s
Y
N
O
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Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language 

 

  

  

  

  

  

    

  

             
 

Mode Syntax Instruction Format Cycles! Instruction Format —_| Cycles!

R: SRA Rd,#b 10} 110011] Rd | 1001 -|10] 110011 | Rd | 1001
13+3b 13+3b-b -b

SRAB Rbd,#b 10} 110010/ Ra [1001 1o/110010] Rd [1001
13+3b 13+3b

-b ~b -b -b

SRAL RRd, #b to] 110011] Rd |1t01 13436 10] 110011] Ra |1104 1343b
—b -b

Example: If register RH6 contains %3B (00111011), the statement

SRAB RH6,#2

will leave the value %0E (00001110) in RH6 andset the carry flag.

 

Note 1: b = numberofbit positions; the execution time for b = 0 is the same as for b = 1.
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Shift Right Logical_
 

 

“SRLdst,sro | dst: R Cc
SRLB src: IM —
SRLL

Operation: Do src times:

c « dst (0)
dst (n) « dst (n + l)(forn = 0 tomsb —- 1)
dst (msb) « 0

 

 

 

Long: o—>| Rn

 

 

| 45

Rn+1 +fe]

n = 0, 2, 4, ..., 14

The destination operandis shifted logically right by the numberof bit positions
specified by the source operand. For SRLB, the source operandis in the range 0 to
8; for SRL, the source is in the range 0 to 16; for SRLL, the source is in the range 0
to 32. A shift of zero positions does not affect the destination, however, the flags are
set according to the destination value. The most significant bit (msb) of the destina-
tion is filled with 0, and the C flag is loaded from bit 0 of the destination. This
instruction performs an unsigned division of the destination by a powerof two.

The src field is encoded in the instruction format as the 8- or 16-bit negative value
of the source operand in two’s complementrotation. For each operand size, the
operation is undefined if the source operandis not in the range specified above.

The source operand may be omitted from the assembly language statement and thus
defaults to the value of 1.
 

: Set if the last bit shifted from the destination was 1; cleared otherwise
Set if the result is zero; cleared otherwise
Set if the most significant bit of the result is one; cleared otherwise

: Undefined
: Unaffected
: Unaffected

Flags:

m
o
<
a
n
a
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Destination Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles! Instruction Format Cycles!

R: SRL Rd, #b' 10/110011! Rd |o0001 10| 110011] Rd |o00014
| | 13+ 3b I | | 13+ 3b
-b -b

SRLB Rbd, #b 10}110010} Rd |0001 10}110010] Rd |ooo1
je 13+3b | | 13+ 3b

-b -b -b -b

SRLL RRd, #b to]110011| Rd [ot104 1343b 10{110011| Ra |o101 4343b
-b -b

Example: If register RO contains %1111 (0001000100010001), the statement

SRL RO,#6

will leave the value %0044 (0000000001000100) in RO and ciear the carry flag.

Note 1: b = numberof bit positions; the execution time for b = 0 is the same as for b = 1.
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SUBB | src: R, IM, IR, DA, X
SUBL

Operation: dst «- dst — src

The source operandis subtracted from the destination operand. and theresult is
stored in the destination. The contents of the source are not affected. Subtraction is

performed by adding the two’s complementof the source operandto the destination
operand.

Flags: C: Cleared if there is a carry from the most significant bit; set otherwise, indicating
_ a “borrow”
Z: Set if the result is zero; cleared otherwise
S: Set if the result is negative; cleared otherwise
V: Set if arithmetic overflow occurs, that is, if the operands were of opposite signs

and the sign of the result is the same as the sign of the source; cleared otherwise
D: SUB, SUBL—unaffected; SUBB—set

H: SUB, SUBL—unaftfected; SUBB—cleared if there is a carry from the most
significant bit of the low-order four bits of the result; set otherwise, indicating a
“borrow”

Source Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: SUB Rd,RSUBRaRe Popol[a] 4 Popoepe] «
sustmans Goferooro[wmToa] 6 [oleaefamyme] |

IM: SUB Rd, #data 00} 000010 /0000| Rd 7 00|000010/0000| Rd 7
data data

SUBB Rbd, #data 00| 000011 0000| Rd 7 00| 000011 0000| Rd 7

data data data data

SUBL RRd, #data 90/010010|0000| Rd 00/010010/0000| Rd
31 data (high) 16 14 31 data (high) 16 14

15 data (low) 0 15 data (low) 0

IR: SUB Rd, @Rs!susrdan! Poafeouoqweco]we] 7 [eolpoooywiecopme] 7
SUBL ARG, @Rs!| [eofovwavomevo]na] 14 [poforoor[mrolme] 14     
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Source Nonsegmented Mode Segmented Mode
Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

DA: SUB Rd, address' 01/00001/wi0000| RdSUBB Rbd address | i|w} | 9 5s 01/00001/w/o000| Rd 10

address | segment offset

01]/00001|w oo00| Rd

SL]1| segment |0000 0000 12
offset

SUBL RRd, address 01 010010|0000 Rd 01| 010010 0000!] Rd
15 Ss 16

address 0| segment offset

01] 010010 0000] Rd

SL]1] segment |0000 0000 18

offset

xX: SUBRd, addr{Rs)‘ 01/00001;W| As#0| Rd 01/00001;W| Rs+0| Rd
SUBB Rbd, addr(Rs) | [w| Revo] 40

|

SS | [w| Rs~0 | 10
address o| segment offset

o1/00001|w Rs #0 | Rd

SL 4] segment |0000 0000 13

offset

SUBL RRD, addr(Rs) 01] 010010| Rs#0| Rd 01]010010| Rsz0| Rd
16 SS 16

address o| segment offset

01/010010| Rs#0| Rd
SL|1| segment 0000 0000 19

offset

Example: If register RO contains %0344, the statement

SUB RO,4%AA

will leave the value %029A in RO.

 

Note |: Word register in nonsegmented mode,register pair in segmented mode.
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Test ConditionCode

 

 

TCC cc, dst dst: R . — oo. a CN

TCCB : a

Operation: if cc is satisfied then
dst (0) + 1

This instruction is used to create a Boolean data value based on the flags set by a
previous operation. The flags in the FCW aretested to see if the condition specified
by “ce” is satisfied. If the condition is satisfied, then the least significant bit of the
destination is set. If the condition is not satisfied, bit zero of the destination is not

. cleared but retains its previous value. All other bits in the destination are unaffected
by this instruction.
 

 

 

 

      

Flags: Noflags affected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

Rr ToC ce, Rd Popele] s fofeuppwte] s
TCCB cc, Rbd

Example: If register Rl contains 0, and the flag is set, the statement

TCC EQ,Rl

will leave the value 1 in Rl.
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TEST dst dst: R, IR, DA, X
TESTB
TESTL

Operation: dst OR 0

The destination operand is tested (logically ORed with zero), and the Z, S and P
flags are set to reflect the attributes of the result. The flags may then be used for
logical conditional jumps. The contents of the destination are not affected.

Flags: C: Unaffected
Z: Set if the result is zero; cleared otherwise

S: Set if the most significant bit of the result is set; cleared otherwise
P: TEST—unaffected; TESTL—undefined; TESTB—-setif parity of the result is even;

cleared otherwise
D: Unaffected
H: Unaffected

Destination Nonsegmented Mode Segmented Mode
Addressing Assembler Language 

 

 

 

   

 

 

   

 

 

 

 

 

 

 

 

 

 

 

   

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: TEST Rd
TESTB Rbd rojoortojw]Rdforoo} 7 1ojoo1sojw)Raotool) 7

TESTL RR ereee[ee] 10 [foreee[ol] 1
HR

|

Testeeal fooforrew[ascoloreo]

|

s

|

[oofoorelw[mo]oreo]| 8

TESTL anal pleriee[mcofiooe] 1s lenteo[mcapien]| 1
DA: Teeres 01/00110/w|0000|0100 5 01/00110/w 0000/0100 42

sere address " s o[segment offset

01/001 10|W 0000/0100
SL 1| segment 0000 0000 14

address

TESTL addaddress 01/011100|0000|1000 1 |ss 01/011100|0000|1000 17

address 0 segment offset

01] 011100}0000|1000

SL|1] segment 0000 0000 19

oftset        
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Destination Nonsegmented Mode Segmented Mode

 

 
 

 

  
 

 

 

  
 

    

 

 

 

 

 

 

 

 

 

 

 

  
   
  
 

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

xX: TEST addr(Rd) :TESTS addr(Rd) 01/00110/W| Rdx0|0100 2 Iss 01/00110|W| Rdx0 [0100 12

address 0| segment offset

01/00110 Ww Rdz0|01 00
SL|1] segment 0000 0000 15

offset

TESTL addr(Rd) 01]011100] Ra+0[1000 5s 01[011100| Rdx0[1000 7
address 7 ol segment offset

01| 011100 Rd#0|1000

SLI1| segment 00000000 20

offset

Example: If register RS contains %FFFF (1111111111111111), the statement

TEST RS .

will set the S flag, clear the Z flag, and leave the other flags unaffected.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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TranslateandDecrement
 

TRDBdst, sre, r _ dst: IR

 

 

 

 

 
  

  

               

src: IR

Operation: dst <— src[dst]

AUTODECREMENTdst by 1
r«+r-l1

This instruction is used to translate a string of bytes from one code to another code.
The contents of the location addressed by the destination register (the “target byte’’)
are used as an indexinto a table of translation values whose lowest address is con-
tained in the source register. The index is computed by adding the target byte to the
address contained in the source register. The addition is performed following the
rule for address arithmetic, with the target bytetreated as an unsigned 8-bit value
extended with high-order zeros. The sum is used as the addressof an 8-bit transla-
tion value within the table which replaces the original contents of the location
addressed by the destination register.

The destination register is then decremented by one, thus moving the pointer to the
previous element in the string. The word register specified by “r”’ (used as a
counter) is then decremented by one. The original contents of register RH1 are lost
and are replaced by an undefined value.

Because the 8-bit target byte is added to the source register to obtain the addressof

a translation value, the table may contain 256 bytes. A smaller table size may be
used whereit is known that notall possible 8-bit target byte values will occur. The
source register is unchanged.

Flags: C: Unaffected
Z: Undefined
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise

D: Unatfected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: TRDB @Rdl, @Rs!, r 10| 111000 Rd 1000 - 10| 111000 Rd 1000 95

oooo|] + Rs |o000 oooo|] + Rs [ooo

Example: In nonsegmented mode,if register R6 contains %4001, the byte at location %4001
contains 3, register RQ contains %1000, the byte at location %1003 contains %AA,
and register R12 contains 2, the instruction

TRDB @R6, @R9, R12

will leave the value %AA in location %4001, the value %4000 in R6, and the value
1 in R12. R9 will not be affected. The V flag will be cleared. RH1 will be set to an
undefined value. In segmented mode, R6 and R9 would be replaced with
register pairs.

 

Note 1]: Word register in nonsegmented mode, register pair in segmented mode.
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TRDRBdst, src, R __, dst: IR
sre: IR

Operation: dst < src [dst]
AUTODECREMENTdst by1
r«or-— ]
repeat untilr = Q

This instruction is used to translate a string of bytes from one code to another code.
The contents of the location addressed by the destination register (the “target byte’’)
are used as an index into a table of translation values whose lowest address is con-
tained in the source register. The index is computed by adding the target byte to the
address contained in the source register. The addition is performed following the
rules for address arithmetic, with the target byte treated as an unsigned 8-bit value
extended with high-order zeros. The sum is used as the addressof an 8-bit transla-
tion value within the table that replaces the original contents of the location
addressed by the destination register.

‘The destination register is then decremented by one, thus moving the pointer to the
previous elementin the string. The word register specified by “r’’ (used as a
counter) is then decremented by one. The entire operation is repeated until the

result of decrementing r is zero. This instruction can translate from 1 to 65536 bytes.
The original contents of register RH] are lost and are replaced by an undefined
value. The source register is unchanged.

Because the 8-bit target byte is added to the source register to obtain the address of
a translation value, the table may contain 256 bytes. A smaller table size may be
used whereit is knownthat notall possible 8-bit target byte values will occur.

This instruction can be interrupted after each execution of the basic operation. The
program counter of the start of this instruction is saved before the interrupt request
is accepted, so the instruction can be properly resumed. Seven cycles should be
addedto this instruction’s execution time for each interrupt request that is accepted.

Flags C: Unaffected
2: Undefined
S: Unaffected
V: Set
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

: l 1IR: TRDRB @Rbdl, @Rbs!, r} fro] 411000] Rd 1100 11444n 10] 111000] Ra [1100 t1444n
0000] + Rs |0000 ooo0| + Rs |0000               
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In nonsegmented mode,if register R6 contains %4002, the bytes at locations%4000
through %4002 contain the values %00, %40, %80, respectively, register R9 con-
tains %1000, the translation table from location %1000 through %10FF contains 0,
1, 2, ..., %7F, 0, 1, 2, ..., %7F (the second zero is located at %1080), and register
R12 contains 3, the instruction

TRDRB @R6, @R9, R12

will leave the values %00, %40, %00 in byte locations %4000 through %4002,

respectively. Register R6 will contain %3FFF, and R12 will contain 0. R9 will not be
affected. The V flag will be set, and the contents of RH1 will be replaced by an
undefined value. In segmented mode, R6 and R9 would be replaced by register
pairs. In segmented mode, register pairs must be used instead of R6 and R9.

BEFORE
 

%1000 00000000
  

%4000

%4001

%4002

oo000000
 

o1000000 
10000000

%1001

%1002

00000001 
00000010 

   
 

 

  

  

  

   

e *

e e

AFTER 107F [O11114111

%1080 ;O0000000

%4000 00000000 %1081 }00000001

~4001 01000000 %1082 [00000010

%4002 00000000 . .

° .

. e
 

WIOFFPORTI11I41   
 

Note i: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = number of data elements translated.
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‘TranslateandIncrement es ee

. TRIB dst, src, R dst: IR.
src: IR

Operation: dst < src[dst]
AUTOINCREMENTdst by 1
r«+yr-]

This instruction is used to translate a string of bytes from one code to another code.
The contents of the location addressed by the destination register (the “target byte’)
are used as an index into a table of translation values whose lowest address is con-
tained in the source register. The index is computed by adding the target byte to the
address contained in the source register. The addition is performed following the
rules for address arithmetic, with the target byte treated as an unsigned 8-bit value
extended with high-order zeros. The sum is used as the addressof an 8-bit transla-
tion value within the table which replaces the original contents of the location
addressed by the destination register. The destination register is then incremented
by one, thus moving the pointer to the next element in the string. The word register
specified by “r’’ (used as a counter) is then decremented by one. The original con-
tents of register RH1 are lost and are replaced by an undefined value. The source
register is unchanged.

Because the 8-bit target byte is added to the source register to obtain the addressof
a translation value, the table may contain 256 bytes. A smaller table size may be
used whereit is known that not all possible 8-bit target byte values will occur.

 

 

 

 

  

  

Flags: C: Unaffected
Z: Undefined
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

TRIB @Rd!, @Rs!, r 10/111000| Rd |oo00 3 1o[111000| Ra |oo00
oooo| + Rs |0000 5 0000] + rs {0000 25               
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Example:
is. Be oie. ated

This instruction can be used in a “loop” of instructions which translate ;a string of
data from one code to any other desired code, but an intermediate operation on
each data element is required. The following sequencetranslates a string of 1000
bytes to the samestring of bytes, with all ASCII “control characters” (values less
than 32, see Appendix C) translated to the “blank” character (value = 32). A test,
however, is made for the special character “return” (value = 13) which terminates
the loop. The translation table contains 256 bytes. The first 33 (0-32) entries all con-
tain the value 32, andall other entries contain their own index in the table, counting
from zero. This example assumes nonsegmented mode. In segmented mode, R4 and
R5 would be replaced by register pairs.

LOOP:

LD
LDA
LDA

CPB

R3, #1000
R4, STRING
RS, TABLE

@R4, #13
EQ, DONE

DONE:

@R4, @RS, R3
NOV, LOOP

TABLE+0

TABLE +1

TABLE +2
e

e

e

TABLE +32

TABLE +33

TABLE +34
e

e

.

TABLE + 255

 

00100000 
00100000 
00100000 

 
00100000
 

00100001
 

00100010 

  411177111   

linitialize counter!

lload start addresses!

\check for return character!
lexit loop if found!
Itranslate next byte!
lrepeat until counter = 0!

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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TR]

Translate, Increment and Repeat ©
 

Operation: —

TRIRB dst, src,R  ~—_—dst: IR a CC
src: IR

,

dst «+ sro[dst]
AUTOINCREMENTdst by]
r«+r-]
repeat until r = 0

This instruction is used to translate a string of bytes from one code to another code.
The contents of the location addressed by the destination register (the “target byte’’)
are used as an indexinto a table of translation values whose lowest address is con-
tained in the source register. The index is computed by adding the target byte to the

address contained in the source register. The addition is performed following the
rules for address arithmetic, with the target byte treated as an unsigned 8-bit value

extended with high-order zeros. The sum is used as the address of an 8-bit transla-
tion value within the table which replaces the original contents of the location ad-
dressed by the destination register. The destination register is then incremented by
one, thus moving the pointer to the next element in the string. The word register
specified by “r’’ (used as a counter) is then decremented by one. The entire opera-
tion is repeated until the result of decrementingr is zero. This instruction can
translate from 1 to 65536 bytes. The original contents of register RH] are lost and are
replaced by an undefined value. The source register is unaffected.

Because the 8-bit target byte is added to the source register to obtain the address of
a translation value, the table may contain 256 bytes. A smaller table size may be
used whereit is known that not all possible 8-bit target byte values will occur.

This instruction can be interrupted after each execution of the basic operation. The
program counterofthe start of this instruction is saved before the interrupt request
is accepted, so that the instruction can be properly resumed.- Seven cycles should be
added to this instruction’s execution time for each interrupt request that is accepted.

 

Flags: Unatfected
Undefined
Unaffected
Set

: Unaffected
: Unaffectedm

O
s
S
E
N
O

 

Addressing
Mode

Assembler Language

Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles? Instruction Format Cycles?
 

IR: TRIRB @Rd!, @Rs!, r

 
  

101111000] Ra |0100 10/111000| Ad [0100
11+14n

oooo| + Rs [0000 coca, t Rs [0000
  11+14n
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Example: The following sequenceof instructions can be usedto translate a string of 80 bytes
from one code to another. The pointers to the string and the translation table are set,
the numberof bytes to translate is set, and then the translation is accomplished.
After executing the last instruction, the V flag is set and the contents of RH] arelost.
The example assumes nonsegmented mode. In segmented mode, R4 and R5 would
be replaced by register pairs.

LDA  R4, STRING
LDA RS, TABLE
LD R3, #80
TRIRB @R4, @R5, R3

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = numberof data elementstranslated.
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Translate, TestandDecrement_
PyAt a.

 yee

Operation:

TRTDB srcl, src2, R , . src l: IR

src 2: IR

RH1 + src2[srcl]

AUTODECREMENTsrcl by 1
r«+r- 1]

This instruction is used to scan a string of bytes testing for bytes with special

meaning. The contents of the location addressed by thefirst source register (the
“target byte’) are used as an index into a table of translation values whose lowest

address is contained in the second source register. The index is computed by adding
the target byte to the address contained in the second source register. The addition

is performed following the rules for address arithmetic, with the target byte treated

as an unsigned 8-bit value extended with high-order zeros. The sum is used as the
address of an 8-bit value within the table which is loaded into register RH]. The Z
flag is set if the value loaded into RH]is zero; otherwise the Z flag is cleared. The
contents of the locations addressed by the source registers are not affected. Thefirst

source register is then decremented by one, thus moving the pointer to the previous
elementin the string. The word register specified by “r’’ (used as a counter) is then
decremented by one. The second source register is unaffected.

Because the 8-bit target byte is added to the second source register to obtain the
address of a translation value, the table may contain 256 bytes. A smaller table size
may be used whereit is known that not all possible 8-bit target byte values will
occur.
 

C: Unaffected
Z: Set if the translation value loaded into RH] is zero; cleared otherwise
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

 

Addressing
Mode

Nonsegmented Mode Segmented Mode

 Assembler Language

Syntax Instruction Format Cycles Instruction Format Cycles

 

IR:

 
  

TRIDB @Rsl!, @Rs2!, r 10/111000| src1 1010 10/111000| sre1 1010
25 25

o000| r sre2 {ooo 0000| r sre2 {0000
  

              
 

Example: In nonsegmented mode,if register R6 contains %4001, the byte at location %4001
contains 3, register RQ contains %1000, the byte at location %1003 contains %AA,
and register R12 contains 2, the instruction

TRTDB @R6, @R9, R12

Will leave the value %AA in RH1, the value %4000 in R6, and the value 1 in R12.
Location %4001 and register R9 will not be affected. The Z and V flags will be
cleared. In segmented mode,register pairs must be used instead of R6 and R9.

 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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TRTDRB
 

Operation:

Translate, Test,Decrement and Repeat

TRIDBBsrc1,src 2, R srol:IR Sees

src 2: IR

RH] — src 2[srel]
AUTODECREMENTsrcl by 1
r<«r- |
repeat until RH] <> Oorr = 0

This instruction is used to scan a string of bytes testing for bytes with special
meaning. The contents of the location addressed bythefirst source register (the
“target byte’) are used as an index into a table of translation values whose lowest
address is contained in the second source register. The index is computed by adding
the target byte to the address contained in the second source register. The addition
is performed following the rules for address arithmetic, with the target byte treated
as an unsigned 8-bit value extended with high-order zeros. The sum is used as the
address of an 8-bit value within the table which is loaded into register RH]. The Z
flag is set if the value loaded into RH1is zero; otherwise the Z flag is cleared. The
contents of the locations addressed by the source registers are not affected. The first
source register is then decremented by one, thus moving the pointer to the previous
element in the string. The word register specified by “r”’ (used as a counter) is then
decremented by one. The entire operation is repeated until either the Z flag is clear,
indicating that a non-zero translation value was loaded into RH], or until the result
of decrementing r is zero. This instruction can translate and test from 1 to

65536 bytes.

Target byte values which have corresponding zero translation-table entry values are
to be scanned over, while target byte values which have corresponding non-zero
translation-table entry values are to be detected. Because the 8-bit target byte is
addedto the second source register to obtain the address of a translation value, the
table may contain 256 bytes. A smaller table size may be used whereit is known that
not all possible 8-bit target byte values will occur.

This instruction can be interrupted after each execution of the basic operation. The

program counter of the start of this instruction is saved before the interrupt request
is accepted, so that the instruction can be properly resumed. Seven cycles should be
added to this instruction’s execution time for each interrupt request that is accepted.
 

Flags: C: Unaffected
Z: Set if the translation value loaded into RH1 is zero; cleared otherwise

Unaffected
: Set if the result of decrementing r is zero; cleared otherwise
: Unaffected

: Unaffectedm
o
<
u

 

Addressing
Mode

Assembler Language
Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles? Instruction Format Cycles?
 

IR:

 
TRIDRB@Rs1!,@Rs2! rv

  

10] 111000 sro1 [1110 10] 111000 sro1 71110
11414n 114 14n

0000] + sre2|1110 0000] +r sre2|1110
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Example: In nonsegmented mode,if register R6 contains %5002, the bytes at locations %4000
through %4002 contain the values %00, %40, %80, respectively, register R9
contains %1000, the translation table from location %1000 through %10FF contains
0, 1,2, ..., %7F, 0, 1, 2, ..., Y%7F (the second zero is located at%1080), and
register R12 contains 3, the instruction

TRIDRB @R6, @R9, R12

will leave the value %40 in RH1 (which was loaded from location %1040). Register

R6 will contain %4000, and R12 will contain 1. R9 will not be affected. The Z and V
flags will be cleared. In segmented mode, register pairs must be used instead of R6
and RQ,

%4000

%4001

%4002

BEFORE

 

oe0o000000
 

01000000
 

 1ag000000   

%1000

% 1001

%1002

e

e

e

%107F

% 1080

%1081

%1082

es

e

%OFF

 

qa0o000000
 

00000001 
o0000010
 

 

o1111111 
aoo0og00000
 

00000001 
00000010 

  o1111t11   
 

Note 1: Word register in nonsegmented mode, register pair in segmented mode.

Note 2: n = numberof data elements translated.
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Translate, Testand Increment

 

 reee
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TRTIB src 1, src 2, R src 1: IR

 

src 2: IR

Operation: RH1 < src2[srcl] ~

AUTOINCREMENTsrcl by1
r«+r-— 1

This instruction is used to scan a string of bytes testing for bytes with special
meaning. The contents of the location addressed bythefirst source register (the

“target byte’’) are used as an index into a table of translation values whose lowest
address is contained in the second sourceregister. The index is computed by adding
the target byte to the address contained in the second source register. The addition
is performed following the rules for address arithmetic, with the target byte treated
as an unsigned 8-bit value extended with high-order zeros. The sum is used as the
address of an 8-bit value within the table which is loaded into register RH]. The Z
flag is set if the value loaded into RH] is zero; otherwise the Z flag is cleared. The

contents of the locations addressed by the source registers are not affected. Thefirst
source register is then incremented by one, thus moving the pointer to the next ele-

ment in the string. The word register specified by “r” (used as a counter) is then
decremented by one. The second sourceregister is unaffected.

Because the 8-bit target byte is added to the second source register to obtain the
address of a translation value, the table may contain 256 bytes. A smaller table size
may be used whereit is known that not all possible 8-bit target byte values
will occur.
 

Flags: C: Unaffected
Z: Set if the translation value loaded into RH] is zero; cleared otherwise
S: Unaffected
V: Set if the result of decrementing r is zero; cleared otherwise
D: Unaffected
H: Unaffected

 

 

 

  

  

Nonsegmented Mode Segmented Mode

Addressing} Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

IR: TRIB @Rsl!, @Rs2!, r 10/1141000]| src1 [0010 95 10/111000 src1 [0010 95
0000] +r sre2 |o000 oo00| r+ srcz [0000                
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Example:© This instruction can be used in a “loop” of instructions which translate and test a
string of data, but an intermediate operation on each data element is required. The
following sequence outputs a string of 72 bytes, with each byte of the original string
translated from its 7-bit ASCII code to an 8-bit value with oddparity. Lower case
characters are translated to upper case, and any embeddedcontrol characters are
skipped over. The translation table contains 128 bytes, which assumes that the most
significant bit of each byte in the string to be translated is always zero. Thefirst 32
entries and the 128th entry are zero, so that ASCII control characters and the
“delete” character (%7F) are suppressed. The given instruction sequenceis for

nonsegmented mode. In segmented mode, register pairs would be usedinstead of R3
and R4.

LD R5, #72 linitialize counter!
LDA R3, STRING lload start address!

LDA R4, TABLE
LOOP:

TRTIB @R3, @R4, R5 Itranslate and test next byte!
JR Z, LOOP Iskip control character!
OUTB PORTn, RH1 !output characters!

JR NOV, LOOP lrepeat until counter = 0!
DONE:

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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— TRTIRB
Test, Incrementand Repeat
 

Operation:

TRTIRBBsrc1, src 2, R src 1: IR
src 2: IR

RH] + sre2[srcl]
AUTOINCREMENTsrcl by 1
r«+r-]
repeat until RH] <> Oorr = 0

This instruction is used to scan a string of bytes, testing for bytes with special
meaning. The contents of the location addressed by the first source register (the
“target byte’) are used as an index into a table of translation values whose lowest
address is contained in the second sourceregister. The index is computed by adding
the target byte to the address contained in the second source register. The addition
is performed following the rules for address arithmetic, with the target byte treated
as an unsigned 8-bit value extended with high-order zeros. The sum is used as the
address of an 8-bit value within the table which is loaded into register RH1. The Z
flag is set if the value loaded into RH1 is zero; otherwise the Z flag is cleared. The
contents of the locations addressed by the source registers are not affected.

The first source register is then incremented by one, thus moving the pointerto the
next element in the string. The word register specified by “r’” (used as a counter) is
then decremented by one. The entire operation is repeated until either the Z flag is
clear, indicating that a non-zero translation value was loaded into RH1, or until the
result of decrementing r is zero. This instruction can translate and test from 1 to
65536 bytes.

Target byte values which have corresponding zero translation table entry values are
scanned over, while target byte values which have corresponding non-zero transla-
tion table entry values are detected and terminate the scan. Because the 8-bit target
byte is added to the second sourceregister to obtain the address of a translation
value, the table may contain 256 bytes. A smaller table size may be used whereitis
knownthat not all possible 8-bit target byte values will occur.

This instruction can be interrupted after each execution of the basic operation. The
program counter of the start of this instruction is saved before the interrupt request
is accepted, so that the instruction can be properly resumed. Seven cycles should be
addedto this instruction’s execution time for each interrupt request that is accepted.
 

Flags: : Unaffected
: Set if the translation value loaded into RH]! is zero; cleared otherwise
Unattected
Set if the result of decrementing r is zero; cleared otherwise

Unaffected
Unaffectedm

o
<
d
M
N
O

 

Addressing

Mode

Assembler Language

Nonsegmented Mode Segmented Mode
 

Syntax Instruction Format Cycles? Instruction Format Cycles?

 

IR: TRTIRB @Rsl1, @Rs2!, r

 
  

10]0141100| sre1 |0110 10]011100] srci [0110
11+ 14n 11+14n

0000] r sre2 11110 0000] r sre2 |1110
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Exdraple: The following sequence of instructions can be used in nonsegmented modeto scan a
string of 80 bytes, testing for special characters as defined by corresponding non-
zero translation table entry values. The pointers to the string and translation table
are set, the numberof bytes to scan is set, and then the translationandtesting is
done. The Z and V flags can betested after the operation to determine if a special
character was found and whetherthe end ofthe string hasbeen reached. The
translation value loaded into RH] might then be used to index anothertable, or to
select one of a set of sequencesof instructions to execute next. In segmented mode,
R4 and R5 must be replaced with register pairs.

LDA R4, STRING
LDA RS, TABLE
LD R6, #80
TRTIRB @R4, @R5, R6
JR NZ, SPECIAL

END__OF__STRING: .

SPECIAL:
JR OV,LAST_CHAR_SPECIAL

LAST__CHAR._SPECIAL:

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.

Note 2: n = numberof data elements translated.
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TSETdst dst: R, IR, DA,X
TSETB |

Operation: S + dst(msb)
dst(0:msb) + 111...111

Tests the most significant bit of the destination operand, copying its value into the S
flag, then sets the entire destination to all 1 bits. This instruction provides a locking
mechanism which can be used to synchronize software processes which require
exclusive access to certain data or instructions at one time.

During the execution of this instruction, BUSRQ is not honored in the time between
loading the destination from memory and storing the destination to memory. For
systems with one processor, this ensures that the testing and setting of the destination
will be completed without any intervening accesses. This instruction should not be
used to synchronize software processes residing on separate processors where the
destination is a shared memory location, unless this locking mechanism can be
guaranteed to function correctly with multi-processor accesses.

Flags: C: Unaffected
Z: Unaffected
S: Set if the most significant bit of the destination was 1; cleared otherwise
V: Unaffected
D: Unaffected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing| Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: TSET Rd
TESTB Rbd [rofoorsojw]ra[0110] ; 1ofoortolw]rdjorso}) 7

IR: TSET @Rdl
TSETB @Ral joojoorsolw)adxolorio]

|

11 foojoo1to|w]rdvoforso]| 11

DA: TSET address 0TSETB address 01/00110/w| 0000/0110 1a |ss 01/00110/w| 0000/0114 45
address o| segment offset

01/00110|w| 0000/0110
SL]1| segment 0000 0000 17

offset

x: TSET addr(Rd) 01/00110|w| Rd+0|0110 01/00110/w| Rax0 [0110
TSETB addr(Rd) 15 ss 15

address o| segment oftset :

01/00110/W| Raz0 [0110
SL|1| segment 0000 0000 18

offset         
 



 

 
beni? aine witsesas A simple mutually-exclusivecritical region may be implemented by the following

sequenceof statements:

ENTER:
TSET SEMAPHORE —_. . oO
JR MI,ENTER loop until resourcecon-!

ltrolled by SEMAPHORE!
lis available!

!Critical Region—only one software process!
lexecutes this code at a time!

CLR SEMAPHORE !release resource controlled!
Iby SEMAPHORE!
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XORB src: R, IM, IR, DA, X

Operation: dst <« dst XORsrc

The source operandis logically EXCLUSIVE ORedwith the destination operand and
the result is stored in the destination. The contents of the source are not affected.
The EXCLUSIVE OR operation results in a one bit being stored wheneverthe cor-
responding bits in the two operandsare different; otherwise, a zero bit is stored.

Flags: C: Unaffected
Z: Set if the result is zero; cleared otherwise
S: Set if the most significant bit of the result is set; cleared otherwise
P: XOR—unaffected; XORB—set if parity of the result is even; cleared otherwise
D: Unaffected
H: Unaffected

Source Nonsegmented Mode Segmented Mode
Addressing] Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles

R: XORRd, Rsxonrdfe Gropporou]me[me] + Peer)Tal) 4
IM: XOR Rd,#data 00/001001|0000| Rd 00/001001/0000| Rd

7 7
data data

XORB Rbd, #data 00/001000|0000| Rd ? 00/001000|/0000| Aad 7

data data data data

TR: XOR Rd, @Rs!xonraent=| oaloorodwpmere]a] 7 [roporowlmlml] 7
DA: XORRd, addressXORB Rbd, address 01/00100|w|0000| Rd 9 Iss 01/00100|w/o000| Rd 40

address 0} segment offset

01|00100|W o000| Rd
SL|1| segment 0000 0000 12

offset

X: XORRd, addr(Rs) RdXORB Rd, addr(Re) 01/00100|W/| Rsz0| Rd io Iss 01/00100|w Rsx0 | 10
address 0} segment offset

01/00100|W| Rs+0| Rd
SL]1| segment 0000 0000 13

offset         
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Example: If register RL3 contains %C3 (11000011) and the source operand is the immediate
. value %7B (01111011), the statement

XORB_ RL3,#%7B

will leave the value %B8 (10111000) in RL3.

 

Note 1: Word register in nonsegmented mode,register pair in segmented mode.
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There are seven “templates” for EPA instruc-6.8 EPA
Instruction tions. These templates correspond to EPA

Templates instructions, which combine EPU operations
with possible transfers between memory and an
EPU, between CPU registers and EPU regis-

ters, and between the Flag byte of the CPU's
FCW and the EPU. Each of these templatesis
described on the following pages. The descrip-

tion assumesthat the EPA control bit in the

CPU's FCW has been set to 1. In addition, the

description is from the point of view of
the CPU—thatis, only CPU activities are
described; the operation of the EPU is implied,

butthe full specification of the instruction
_ depends upon the implementation of the EPU
and is beyond the scope of this manual.

Fields ignored by the CPU are shadedin the
diagrams of the templates. The 2-bit field in bit
positions 0 and 1 of the first word of each
template would normally be used as an identi-
fication field for selecting one of up to four
EPUsin a multiple EPU system configuration.
Other shadedfields would typically contain
opcodesfor instructing an EPU as to the oper-
ation it is to perform in addition to the data

transfer specified by the template.

 

Extended Instruction
Load Memory from EPU
 

Operation: Memory < EPU

The CPU performs the indicated address calculation and generates n EPU memory
write transactions. The n words are supplied by an EPU andare stored in n con-
secutive memory locations starting with the effective address.

 

Flags/Registers: No flags or CPU registers are affected by this instruction.
 

10 + 3n cycles.Execution Time:

 

Clock Cycles

 

mode dst NS Ss SL
0 0 IR (dst #0) 1143n
01 X (dst #0) 154+3n 15+3n 18+3n
0 1 DA (dst=0) 14+3n 15+3n 17+3n

-

26-0001-0951 R-1R7



 

sacs Shots

ExtendedInstruction — OB
LoadEPUfromMemory_

Operation: — WU.<Memory _

 

The CPU performs the indicated address calculation and generates n EPU memory
read transactions. The n consecutive words are fetched from the memory locations
starting with the effective address. The data is read by an EPU and operated upon
according to the EPA instruction encodedinto the shadedfields.
 

Flags/Registers: No flags or CPU registers are affected by this instruction.
 

Execution Time: 10 + 3n cycles

 

Clock Cycles

 

mode src NS ss SL

0 0 IR (src #0) 1143n
0 1 X (src # Q) 15+3n 15+3n 18+3n
0 i DA (src=0) 14+3n 15+3n 17+3n

 

ExtendedInstruction
Load CPU from EPU
 

Operation: CPU « EPU registers

The contents of n words are transferred from an EPU to consecutive CPU registers
starting with register dst. CPU registers are transferred consecutively, with register 0

following register 15.
 

Flags/Registers: No flags are affected by this instruction.
 

Execution Time: 1] + 3n cycles.
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ExtendedInstruction
 

 

Operation: EPU « CPUregisters

The contents of n wordsare transferred to an EPU from consecutive CPU registers
starting with register src. CPU registers are transferred consecutively, with register 0
following register 15.

Flags/Registers: No flags are affected by this instruction.
 

Execution Time: 11 + 3n cycles.

 

 

ExtendedInstruction
Load FCW from EPU
 

Operation: Flags « EPU

The Flags in the CPU's Flag and Control Word are loaded with information from an
EPU on ADlines ADo-ADy7.
 

Flags/Registers: The contents of CPU register 0 are undefined after the execution ofthis instruction.
 

Execution Time:

.

26-0001 -0954

14 cycles.

1000111
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Extended Instruction
Load EPU from FCW
 

C
Operation: EPU < Flags

The Flags in the CPU's Flag and Control Word are transferred to an EPU on AD
lines ADg-ADy.
 

Flags/Registers: The flags in the FCW are unaffected bythis instruction.
 

Execution Time: 14 cycles.

10 001710

 

 

ExtendedInstruction
Internal EPUOperation
 

Operation: Internal EPU Operation

The CPUtreats this template as a No Op.It is typically used to initiate an internal
EPU operation.
 

Execution Time: 14 cycles.

10001110

 
-
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7.1 Intro-

duction

 

" The Z8000 CPUsupports three types of
exceptions (conditions that can alter the nor-

mal flow of program execution):

@ interrupts

@ traps

@ reset

Interrupts are asynchronousevents typically

triggered by peripheral devices needing atten-

tion. They cause the processor to temporarily

suspendits present program execution in

order to service the requesting device. Traps

are synchronous events that are responses by

the CPU to certain events detected during the

‘Chapter7 _
Exceptions—

   

attempted execution of an instruction. Thus,
the major distinction between traps andinter-
rupts is their origin: a trap condition is always

reproducible by re-executing the program that

created the traps, whereas an interruptis

generally independentof the currently exe-

cuting task. A reset overrides all other condi-

tions, includingall interrupts and traps. It

occurs when the RESETline is activated, and it

causes certain control registers to be initial-

ized. The action that the Z8000 CPU takes in
response to an interrupt, trap, or reset is

similar; hence, they are treated togetherin this

chapter.

 

7.2 Interrupts Three kinds of interrupts are activated by

three different pins on the Z8000 CPU.(Inter-

rupt handling for all interrupts is discussed in

Section 7.6.)

7.2.1 Non-Maskable Interrupt (NMI).
This type of interrupt cannot be disabled

(masked) by software. It is typically reserved
for highest-priority external events that require

immediate attention.

7.2.2 Vectored Interrupt (VI). Oneresult of

any interrupt or trap is that a 16-bit identifier

word is pushed onto the system stack (see Sec-

tion 7.6.2). This word may be used to identify

the source of the interrupt or trap. In vectored

interrupts, this identifier is also used by the

CPU hardware as a pointer to select a particu-

lar interrupt service routine. The processing of

vectored interrupts is thus considerably faster

than would be the case if a general trap hand-

ler had to first examine the identifier, then

branch off to the appropriate service routine.

These interrupts can be disabled by software.

7.2.3 Nonvectored Interrupts (NVI). These
interrupts also result in anidentifier word
being pushed onto the system stack. However,

the CPU does not use the identifier as a vector

to select a service routine: all non-vectored

interrupts are serviced by the same routine.

They can be disabled by software.

 

7.3 Traps The Z8001 and 28002 CPUs support three

traps generated internally. The Z8001 supports

a fourth trap, which is generated externally

(but synchronously) by the Memory Manage-

ment Unit. Since a trap always occurs whenall

its defining conditions are present, traps can-

not be disabled. (Trap handling operations are

discussed in Section 7.6.)

7.3.1 Extended Instruction Trap. This trap

occurs when the CPU encounters an extended

instruction (see Section 6.2.10) while the EPA

bit in the FCW is cleared. This trap allows the

program to simulate the operations of the EPU

when none is present in the system or to abort

the program.

7.3.2 Privileged Instruction Trap. This trap

occurs whenever an attempt is made to execute

a privileged instruction while the CPU is in
system mode (S/N bit in the FCW is cleared).

This trap allows the operating system to detect

and prevent operation (such as I/O) that could

crash the system.

7.3.3 System Call Trap. This trap occurs
whenever a System Call (SC) instruction is
executed. It allows an orderly transition to be

made between normal mode and system mode.

7.3.4 Segment Trap. This trap occurs when-

ever the SEGTline is asserted on a Z8001,

regardless of the state of the SEG bit in the

FCW.This trap is generated by external
memory management hardware, such as the

Z8010 Memory Management Unit (MMU), and

is the result of detecting a memory access

violation (such as an offset larger than the

assigned segment length) or a write warning

(a write into the lowest 256 bytes of a stack).
See the MMU Technical Manuai for more
information on memory management hardware.



 

 

7.4 Reset A reset initializes selected control registers

of the CPU to system specifiable values. A

reset can occur at the end of any clock cycle,

provided the RESETline is Low.
A system reset overrides all other consider-

ations, including interrupts, traps, bus
requests, and stop requests. A reset should be
used toinitialize-a system as part of the power-
up sequence. ,

Within five clock cycles of the RESET

becoming Low, ADo-AD}s are 3-stated;
AS,DS, MREO , BUSACK, and MO areforced
high; STp-ST3and SNg-SN¢ are forced Low.
The R/W, B/W,and N/Slines are undefined.
RESET must be held Lowfive clock cycles to
properly reset the CPU.

Three clock cycles after RESET has returned

to High, consecutive memory read cycles are

executed in system modetoinitialize the Pro-

gram Status registers. In the Z8001, the first

cycle reads the Flag and Control Word from
location 0002 of segment number0, the next

reads the 7-bit Program Counter segment num-
ber from location 0004, the next reads the -

16-bit PC offset from location 0006, and the
following initial instruction fetch cycle starts
the program. In the Z8002, the first cycle reads

the PC from location 0004 and the following

initial instruction fetch cycle starts the pro-

gram. Each of these fetches is made from the
program address space.

 

7.5 Interrupt
Disabling

Vectored and nonvectored interrupts can be

enabled or disabled independently via software

by setting or clearing appropriate control bits

in the Flag and Control Word (FCW). Two

control bits in the FCW contro! the maskable
interrupt: VIE and NVIE. When VIEis 1, vec-

tored interrupts are enabled; when NVIEis 1,
non-vectored interrupts are enabled. These

two flags may be set or cleared together or

separately. In addition, these control bits are

set when the FCW is loaded. Any control bit

may be changed by the occurrence of an inter-

rupt or trap and then berestoredto its

previoussetting by an Interrupt Return (IRET)
instruction.

Whena type of interrupt has been disabled,

the CPU ignores any interrupt request on the

corresponding input pin. Because maskable
interrupt requests are not retained by the

CPU, the request signal must be asserted until

the CPU acknowledges the request.

 

7.6 Interrupt
and Trap

Handling

The CPU responseto a trap or interrupt

request consists of five steps: acknowledging

the external request (for interrupts and seg-

ment traps), saving the old program status

information, loading a new program status,

executing the service routine, and returning to

the interrupted task.

7.6.1 Acknowledge Cycle. An external
acknowledge cycleis required only for exter-

nally generated requests. As described in

Chapter 9, the main effect of such a cycle is to

receive from the external device a 16-bit iden-

tifier word, which will be saved with the old

program status. Before the acknowledge cycle,

the CPU enters segmented (Z8001 only) system

mode. (The N/S line indicates that a transition
has been madeto system mode.) The CPU

remains in this mode until it begins to execute

the exception service routine, at which timeits

mode is dictated by the FCW.

28002 28001

Low
ADDRESS

Lo

SYSTEM STACK
POINTER AFTER
TRAP OR ~
INTERRUPT

Ww
ADDRESS 

SYSTEM SP
AFTER TRAP

IDENTIFIER
 

FCW OR INTERRUPT
 

SYSTEM STACK
POINTER BEFORE
TRAP OR ~
INTERRUPT

Pc
 

SYSTEM SP 
BEFORE TRAP
OR INTERRUPT

1 word>

HIGH
ADDRESS  

 
>) IDENTIFIER
 

FCW
 

PC SEGMENT
 

PC OFFSET 
coal 

 ~«— 1 WORD> HIGHADDRESS

Figure 7-1. Format of Saved Program Statusin the

System Stack

7.6.2 Status Saving. The old program status

information is saved by being pushed on the

system stack in the following order: the Pro-

gram Counter (PC: 16 bits for Z8002; 16-bit
offset followed by 7-bit segment numberfor

78001); the Flag and Control Word (FCW);

and finally, the interrupt/trap identifier word.

The identifier word contains the reason or

source of the trap or interrupt. For internal

traps, the identifier is the first word of the

trapped instruction. For segment trap or inter-

rupts, the identifier is the value on the data

bus read by the CPU during the interrupt-

acknowledge or trap-acknowledge cycle. The

format of the saved program status in the

system stackis illustrated in Figure 7.1.

The following table shows the PC value that

is pushed on the stack for each type of inter-

rupt and trap.

PC Value Is Address of:

Second Word ofInstruction

Next Instruction

(Single Word Privileged

Instruction)

Second Word ofInstruction

(Multiple Word Privileged
Instruction)

Next Instruction

Next Instruction* f
Next Instructionf

Exception:
 

Extended Instruction Trap

Privileged Instruction Trap

System Call Trap
Segment Trap

All Interrupts
 

* Assumes successful completion of instruction fetch

t If executing an interruptable instruction (e.g. LDIR),

then the next instruction is the current instruction.
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7.6 Interrupt
and Trap
Handling

(Continued)

7.6.3 Loading New Program Status. After
saving the current program status, the new
program status (PC and FCW)is automatically
loaded from the Program Status Area in system

program memory. The particular status words
fetched from the Program Status Area are a

function of the type of trap or interrupt and
(for vectored interrupt) of the interrupt vector.
Figure 7.2 shows the format of the Program
Status Area.

For each kind of interrupt or trap other than
a vectored interrupt, there is a single program

status block that is automatically loaded into

the Program Status registers (which includes

the Flag and Control Word and the Program
Counter).

Note that the size of each program status

block depends on the version of the Z8000 (two

wordsfor the nonsegmented Z8002 and four
words for the seqmented Z8001).

For all vectored interrupts, the same Flag
and Control Word (FCW)is loaded from the

corresponding program status block. However,

the appropriate Program Counter (PC) valueis

selected from up to 256 (Z8002) or 128 (Z8001)

different values in the Program Status Area.

~ Thelow-order eight bits of the identifier
placed on the data bus by the interrupting
device is multiplied by two and used as an off-

set into the Program Status Area following the

FCW for vectored interrupts. On the Z8002,
the identifier value 0 selects the first PC value,

the value 1 selects the second PC, and so on

up to the identifier value 255. On the Z8001,
the identifier value 0 selects the first PC value,
the value 2 selects the second PC, and so on

up to the identifier value 254, which selects

the 128th PC value.

The Program Status Area is addressed by a
special control register, the Program Status

Area Pointer, or PSAP. This pointer is one

word for the nonsegmented Z8002 and two

wordsfor the segmented Z8001. As shown in

Figure 7.2, the pointer contains a segment

number(if applicable) and the high-order byte

of a 16-bit offset address. The low-orderbyte is

assumedto contain zeros; thus the Program

Status Area must start on a 256-byte address

boundary. The programmer accesses the PSAP

using the Load Control Register instruction
(LDCTL).

PROGRAM STATUS AREA
POINTER (PSAP)

—_————eEoeoeeeo

— oece
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BYTE OFFSET 8001 8002 BYTE OFFSET
HEX DECIMAL DECIMAL _HEX
0 0 RESERVED 0 0

RESERVED [|
8 8 Fow EXTENDED FOw 4 4

INSTRUCTION
|} sec | TRAP PC

Poorrser |
RESERVED

10 16 Fow PRIVILEGED Fow 8 8
INSTRUCTION

|_Jsea[__ TRAP ec
PCOFFSET |

VED18 24 RESER SYSTEM FCW 12 c
Fow CALL

|_Jsec| TRAP PC
pcorrset Joo

70 2 CW SEGMENTSee TRAP NOT USED 16 10

poorrser |
RESERVED28 40 cw

FCW NON-MASKABLE F 20 “
Sea INTERRUPT be
PCOFFSET oo

30 48 RESERVED FCW 24 18
FCW NON-VECTORED

SEG INTERRUPT be
poorrseT |
RESERVED: 8 1c38 56 ow FCW 2

SEG
sc PC OFFSET Per # te

SEG
40 PpPCo OFFSET VECTORED C2 32 20

SEG INTERRUPTS
PC 34 22“4 68 PCy OFFSET 3

. ° ° . .: : : : : :: : : 3: : : °

BE P
PC, OFFSET Ca

23A 570 540 21¢
Figure 7-2 Program Status Area
68003-0580

Figure 7-2. Program Status Area
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7.6 Interrupt

and Trap

Handling

(Continued)

ay ws Aopren eey

7.6.4 Executingthe Service Routine. Loading
the new program status automatically initializes
the Program Counterto the starting address of

the service routine to process the interrupt or
trap. This program is now executed. Because a
new FCW wasloaded, the maskable interrupts

can be disabled forthe initial processing of the
service routine by a suitable choice of FCW.
This allows critical information to be stored
before subsequent interrupts are handled. Ser-
vice routines that enable interrupts before exit-
ing permit interrupts to be handled in a nested

fashion.

7.6.5 Returning from an Interrupt or Trap.
Upon completion, the service routine can exe-

cute an Interrupt Return instruction, IRET, to

   

 

lait es *
cause execution to continue at the point where
the interrupt or trap occurred. IRET causes
information to be popped from the system stack
in the following order: the identifier is dis-
carded, the saved FCW and PCarerestored.

The newly loaded FCWtakeseffect with the
next fetched instruction, which is determined

by the restored Program Counter.
On Z8001 CPUs, IRET executed in nonseg-

mented mode mimics the execution of IRET on

Z8002 CPUs. Thus, care must be taken on

Z8001 CPUs to remove the PC segment num-

ber from the system stack before executing
IRET in nonsegmented mode.

c

 

7.7 Priority Because it is possible for several exceptions

to occur simultaneously, the CPU enforces a

priority scheme for deciding which event will

be honoredfirst. The following gives the

descending priority order:

w Reset

m Jnternal Trap (i.e., privileged instruction,
system call, extended instruction)

g Non-Maskable Interrupt

a Segment Trap (Z8001 only}

a Vectored Interrupt

a Nonvectored [Interrupt

This is how the priority system works:

m Whenevera reset is requested,it is immedi-
ately performed. _

m If several non-reset exceptions occur simul-
taneously, the one that has the highest

priority and is also enabled (traps and non-

maskable interrupts are always enabled) is

acknowledged, old status is saved, and new

status is loaded. The new status consists of

the starting address of the service routine

(PC) and a new FCWthat may disable vec-

tored and nonvectored interrupts.

a If any enabled exceptions remain, the

highest-priority one is acknowledged, the

old status is saved, and the new status is
loaded. Note that in this case, the old status

is the PC and FCW ofthe first exception’s

service routine.

a This process is repeated until no enabled

exceptions remain. At that point, the cur-

rent PC and FCW will contain the status
values for the /Jowest priority exception that

was acknowledged.

a The execution of the service routines now

proceedsin reverse priority order. That

is, the lowest priority exception is
servicedfirst.

uw After all the exceptions have been serviced,

the original status is restored and execution

resumes.

Within each of the classes above, there can

be multiple-interrupt sources. The internal
traps are mutually exclusive and therefore

need nopriority resolution within that class.
The other types arise from external sources;

thus when multiple devices share the same

request line, the possibility arises that more

than one device may request service from the

CPU simultaneously. Either all the interrupt
sources must be serviced simultaneously (as
with the MMU) or competing requests must be

resolved external to the CPU, for example, by

means of a daisy-chain or priority interrupt

controller. This resolution is done during the

interrupt acknowledge cycle.
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Chapter 8
Refresh

te toe

8.1 Intro-

duction

The Z8000 CPU has aninternal mechanism
for refreshing dynamic memory. This

mechanism can be activated in two ways:

m Whenthe Refresh Enable (RE) bit in the

CPU Refresh Counteris set to one (Figure

8.1), memory refresh is performed period-

ically at a rate specified by the RATEfield

in the counter. (See Section 8.3.)

a Whenthe STOP line is activated, the CPU

generates memory refreshes continuously.
(See Section 8.4.)

eee ested ee Lt.
TT

ROW ADORESS :

THT ht
ADg AD; ADg ADs AD, AD3 AD2 AD, ADg

mp
'
1

Figure 8-1. Refresh Control Register
 

8.2 Refresh
Cycles

The refresh mechanism is a way of gener-
ating a special kind of bus transaction called a

refresh cycle, which is described in Chapter 9.

A refresh cycle is three clock cycles long and

may be inserted immediately after the last
clock cycle of any transaction.

During a refresh cycle, the status lines are

set to 0001 and the address lines ADg-ADg are

undefined. The ROW value determines the

memory rowthat is being refreshed on this

cycle. Since memoryis word-organized, ADg

is always zero. After the refresh cycle is com-

plete, the ROW field is incremented by two,

thus stepping through 256 rows.

 

8.3 Periodic

Refresh

The Refresh Enable (RE) bit controls only

Periodic Refresh; refresh cycles may be

generated using the STOPline, regardless of

the state of RE. When REis set to one, the

value of the 6-bit RATE field determines the

time between successive refreshes (the refresh

period). When RATE = 0,the refresh period

is 256 clock cycles; when RATE n, the

refresh period is 4n clock cycles. (Thus,if

there is a 4 MHz clock, the refresh period can

be from 1 ps to 64 ps.)
The LDCTLinstruction is used to set the

refresh rate, to set or clear RE, or to initialize

or read the ROW field. (See Section 6.7 for a

detailed discussion of this instruction.)

The refresh cycle is generated as soon as

possible after the refresh period has elapsed.

This usually means after the last clock cycle of

the next transaction. If the CPU receives a trap

 

or an interrupt simultaneously with a Periodic

Refresh request, the refresh operation is per-

formedfirst.

When the CPU does not have control of the

bus (that is, when BUSACKis asserted and the

CPU enters Bus-Disconnect state) or when the

WAIT line is activated, the CPU cannot issue

refresh cycles. To deal with this situation, both

Z8000 CPUs haveinternal circuitry that

records whenthe refresh period has elapsed
and refresh cycles cannot be generated. When

the CPU regains control of the bus, or when

the WAIT line is reactivated, it immediately

issues the skipped refresh cycles. The internal

circuitry can record up to two such skipped

refresh operations.

After a reset operation, Periodic Refresh is
disabled (RE is cleared) and the internal cir-

cuitry that counts skipped refreshes is cleared.

 

 

8.4 Stop-State
Refresh

26-0001 -0960

The CPU has three internal operating states:
Running, Stop, and Bus-Disconnectstates (see

Section 2.8). Stop state is entered when the

STOP line is activated, and while the CPUis
in this state, it generates three clock cycle

 

refresh transactions continuously. When STOP

is found High again, one morerefresh cycle is

performed, then the remaining clock cycles of

the instruction fetch are executed. (See

Appendix A for more timing information.)
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9.3 CPU Pins The CPU pins can be grouped into five
categories according to their functions

{Figure 9.1).

9.3.1 Transaction Pins.These signals provide

timing, control, and data transfer for Z-Bus
transactions.

ADy-ADj5. Address/Data (Output, active High,
3-state). These multiplexed data and address
lines carry I/O addresses, memory addresses,

and data during Z-Bus transactions. For the

28001, only the offset portion of memory
addresses is carried on theselines.

SNo-SNy. Segment Number (Z8001 only, Out-

put, active High, 3-state), These lines contain

the segment number portion of a memory

address.

ST-ST3. (Output, active, High, 3-state).

These lines indicate the kind of transaction
occurring on the bus and give additional

BUSACK. Bus Acknowledge (Output, active
Low). A Low on this line indicates that the

CPU has relinquished control of the bus in
response to a bus request.

9.3.3 Interrupt/Trap Pins. These pins convey
interrupt and external trap requests to
the CPU.

NMI. Non-Maskable Interrupt (Input, active

Low). A High-to-Low transition on NMI
requests a non-maskable interrupt.

NVI. Non-Vectored Interrupt (Input, active

Low). A Low on this line requests a non-

vectored interrupt.

VI. Vectored Interrupt (Input, active Low). A

Low onthis line requests a vectored interrupt.

SEGT. Segment Trap (Z8001 only, Input,
active Low). A Low on this line requests a seg-

ment trap.

 

 

    

 

information about the transaction (such as the

address space for memory transactions). al r AS~

AS. Address Strobe (Output, active Low, ——_ WnEG ADs >
3-state). The rising edge of ASindicates the ADf+

. . . ~«——-] READ/WRITE AD) <>
beginningof a transaction and showsthat the «— NoRMALISYSTER ADig [<>
Address, STo-ST3, N/S, R/W, and B/Wsignals <—| BYTEWORD ADs [eo
are valid. ACTIONS ADs f<—> appREss/

He +—{ 57 AD; |j«—»

(

DATA BUS

DS. Data Strobe (Output, active Low, 3- <«—sr, AD, >
state). DSprovides timing for data movement —Jsn ADs [<>

to or from the CPU. Ss . pad

R/W. Read/Write (Output, Low = Write, 3- —~|war Ebon ADs bal
state). This signal determines the direction of conTaos ~~ weer cpu ny -
data transfer for memory, I/O, or EPU transfer pus —>] eusR op

transactions. CONTROL) 1 BUSACK r SNe }—> “ONLY|

B/W. Byte/Word (Output, Low = Word, | ma | om, me
3-state). This signal indicates whether a byte somo —rlvi ;  SNab—» Aen|

or wordof data is to be transmitted during a > i \ on p \

transaction. wuLtimiene ola, sh, =

WAIT. (Input, active Low). A Low on this line CONTROL) ~—livio ; __ scement |

indicates that the responding device needs , SROtysrap
more time to complete a transaction.

MREQ. Memory Request (Output, active Low, I

3-state). A falling edge on this line indicates +8 GND Cie

that the address/data bus is holding a memory

address. Figure 9-1, Pin Functions

9.3.2 Bus Control Pins. These pins carry
signals for requesting and obtaining control of

the bus from the CPU.

BUSREQ. Bus Requst (Input, active Low). A

Low indicates that a bus requester has

obtained or is trying to obtain control of
the bus.
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9-3. CPU Pins
(Continued)

 

9.3.4 Multi-Micro Pins. These pins are the

Z8000's interface to‘the aPus,resource request

lines.

MI. Multi-Micro InUnput. active Low). This

input is used to sample the state of the
resource requestlines.

MO.Multi-Micro Out (Output, active
Low). This line is used by the CPU to make
resource requests.

 

9.3.5 CPU Control. ‘Thesepins carry signals
which control the overall operation of
the CPU.

STOP. ‘Unput,‘active‘Low). This line is used to

suspend CPU operation duringthe fetch of the
_ first word of aninstruction.

RESET. (Input, active Low). A Low onthis line
resets the CPU.

 

9.4 Trans-

actions

26-0001 -0962

Data transfers to and from the CPU are

accomplished through the use of transactions.

Figure 9.2 shows the general timing for a
transaction.

WAIT sampled
for memory and
EPU transter

 

CLOCK \S/
BASIC

LIXXSXS
BASIC

_All transactions start with Address Strobe

(AS) being driven Low and then raised High

by the CPU. Ontherising edge of AS, the
status lines STg-ST3 are valid; these lines indi-

WAIT sampied for
WO and Interruptitrap Data on AD lines
acknowledge is sampled for

to CPU.

\S/S
BASIC

 -~«—— CYCLE
1

Four clock cycles added
here on interruptitrap
acknowledge transaction.

—]

CYCLE ~- 2,
2

CYCLE —_—|
a 3

Cycle present only for VO
interruptitrap
acknowledge transactions.

WAIT clock cycies added
here In response to WAIT fine.

  

KS \ db
(ADDRESS STROBE) L’ ~~]

ASfalling indicates first
clock cycle of a transaction.

[AS rising indicates that status
and addresslines are valid.

 

SNo-SN,
(SEGMENT NO} SEGMENT NUMBER x
 

Segment No. becomes
available one clock cycle
before rest of address.

 

ADy-ADi5
{ADDRESS OFFSET)

 

 

OFFSET p

~ For see Read and
Write below.

STo-ST3,
RW, aw,si STATUS INFORMATION

INFORMATION)
 

action.

Status information becomes
avallable at the same time
as the address and remains
active throughout the trans-

    

  

  

lines. N

DATA

  

 

f Bs we HO
(DATA ”

STROBE) weno EPU transfers and

READ | The memory, VO device or
For transfers to the cpu! EPU places data on the AD
(Memory reads, I/O reads,

ADo-ADi5 transfers trom EPU, and >o
(DATA) interruptitrap acknowledge)

the AD lines are first
stated by the CPU.

( os
(DATA

STROBE)

WRITE For transters from the CPU
(Memory writes, I/O writes,
and transters to the EPU)

eaeeH the CPU piaces the data on~
the ADlines.  

 

 

 

DATA

     
Figure 9-2. Transaction Timing
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9-4. Trans-
actions

(Continued)

SBORE TR eee Ngoyaeie oe ak ee

‘cate the type of transaction being initiated (see
Table 9.1; the six types of transactions aredis-
cussed in the sections that follow.) Associated
with the status lines are three other lines that

becomevalid at this time. These are Normal/
System (N/S), Read/Write (R/W), and
Byte/Word (B/W). Except where indicated
below, N/S designates the operating modeof

the CPU, R/W designates the direction of data
transfer (read to the CPU,write from the

CPU), and B/W designates the length of the
data item being transferred.

If.the transaction requires an address, it too

is valid on the rising edge of AS. No addressis

required for interrupt acknowledge, EPU

transfer, or internal operation transactions. (In

the Z8001, the segment numberlines SNo-SNg
are valid one clock cycle earlier to allow for

external memory management hardware. See

Chapter 2 for more information.)

The CPU uses Data Strobe (DS) to time the
actual data transfer. (Note that refresh and

internal operation transaction do not transfer

any data and thus do notactivate DS.) For
write operations (R/W = Low), a Low on DS
indicates that valid data from the bus master is

on the ADg-ADj5 lines. For read operations
(R/W = High), the bus master makes

AD-AD}5 3-state before driving DS Low so
that the addressed device can put its data on

the bus. The bus master samplesthis data on

the falling clock edge just before raising
DS High.

aaaan

9.4.1 WAIT. As shown in Figure 9.2, WAITis
sampled on a falling clock edge one cycle
before data is sampled by the CPU (Read) or
DSrises (Read or Write). If WAIT is Low,
another cycle is added to the transaction

before data is sampled or DS rises. In this
added cycle andall subsequentcycles added
due to WAIT being Low, WAIT is again sam-
pled on the falling edge and,if it is Low,

another cycle is added to the transaction. In
this way, the transaction can be extended to an

arbitrary length to accommodate (for example)

slow memories or I/O devices that are not yet
ready for data transfer.

It must be emphasized that the WAIT input
is synchronous. Thus, it must meet the setup
and hold times given in Appendix A in order

for the CPU to function correctly. This

requires asynchronously generated WAIT

signals to be synchronized before they are

input into the CPU.

9.4.2 Memory Transactions. Memory Trans-
actions move data to or from memory when the

CPU makes a memory access. Thus, they are

generated during program execution to fetch

instructions from memory (Chapter 4) and to

fetch and store memory data (Chapter 5). They

are also generated to store old program status
and fetch new program status during interrupt

and trap handling and after reset (Chapter 7).

As shownin Figure 9.3, a memorytrans-

action is three clock cycles long unless

 

 

 

Kind of Transaction ST3-STp Additional Information

Internal Operation 0000

Refresh 0001

- 0010 Standard I/O
vO Transaction {ori Special I/O

0100 Segment Trap

Interrupt O10} Non-Maskable Interrupt
Acknowledge 0110 Non-Vectored Interrupt
Transaction 0111 Vectored Interrupt

1000 Data Address Space

1001 Stack Address Space,

Memory 1010 Data Address Space, EPU Transfer
Transaction 1011 Stack Address Space, EPU Transfer

1100 Program Address Space,

1101 Program Address Space, First Word of Instruction

EPU Transfer- 1110

Reserved 111]

 

Table 9-1. Status Codes
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9-4. Trans- extended as explained above in WAIT. The
actions status pins, besides indicating a memory trans-

(Continued) action, givethefollowing information:

= Whether the memory access is to the data
(1000, 1010), stack (1001, 1011), or program

(1100, 1101) address space (Chapter 3).

@ Whetherthe first word of an instruction is

being fetched (1101).

m Whetherthe data for the access is to be

supplied (write) or captured (read) by an

Extended Processing Unit (1010, 1011).

Tn Th

” Status codes 1000 and 1001 may also indi-

cate that the EPU is to capture or supply the
data.

For the Z8002, the fullmemory addresswill

be on ADo-AD)s5 when ASrises. For the
Z8001, the offset portion of the segmented
address will be on ADp-ADj5 and the segment
numberportion will be on SNo-SNg when AS
rises. The segment portion will also be on
SNo-SNg approximately one cycle before
ADp-AD}sis valid.

TT T3
 

 

CLOCK

 

  

   

 
     
D q DATA SAMPLED

he FOR READ

warLED WAIT CYCLES ADDED

  

WAIT XX  

 

STATUSES
(8/W, NB,
ST9-ST3) X X_ 
 

SNo-SNe x SEGMENT NUMBER

+
 

  

 

 

 
 

 

 

 

 

 
 

 

 

 

Lee

MREQ \ /

aDREAD Xwewony ADDRESS » -——

be
DS

READ

RW
READ

aD MEMORYADDRESS| DATA OUTWRITE

Ds
WRITE

RW /

      
Figure 9-3. Memory Read and Write Transaction
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9-4. Trans-
actions

(Continued)

Bytestransferred to or from odd memory

(address bit 0 is 1) locations are alwaystrans-
mitted on lines ADg-ADy (bit 0 on ADg). Bytes

transferred to or from even memorylocations

(address bit 0 is 0) are always transmitted on
lines ADg-ADj5 (bits 0 on ADg). Thus, the

memoryattached to a Z8000 will look like that
shownin Figure 9.4. For byte reads (B/W
High, R/W High) the CPU uses only the byte
whose addressit output. For byte writes (B/W

High, R/W Low), the memory should store only

the byte whose address was output by the
CPU. For word transfers, (B/W = Low), all

16bits are captured by the CPU (Read:
R/W = High) or stored by the memory (Write:

R/W = Low).

As explained morefully in Section 9.5, a

28001 CPU and an Extended Processing Unit

act like a single CPU with the CPU providing

addresses, status and timing information and

the EPU providing or capturing data.

9.4.3 1/O Transactions. I/O transactions move
data to or from peripherals or CPU support

devices (e.g., MMUs). They are generated

during the execution of I/O instructions.
As shownin Figure 9.5, I/O transactions are

four clock cycles long at minimum, and they

i may be ‘lengthened bythe addition of WAIT .

cycles. The extra clock cycles allow for slower

peripheral operation.

The status lines indicate whether the access
is to the Standard I/O (0010) or Special I/O
(0011) Address Spaces. The N/S line is always
Low, indicating system mode. The I/O address

is found on ADo-AD5 when AS rises. Since
the I/O address is always 16 bits long, the seg-

ment number lines are undefined on Z8001
CPUs.For byte transfers (B/W = High) in
Standard I/O space, addresses must be odd;

for byte transfers in Special I/O space,

addresses must be even.

Word data (B/W = Low)to or from the CPU

is transmitted on ADg-AD)5. Byte data
(B/W = High) is transmitted on ADg-ADy for
Standard I/O and on ADg-ADjs for Special
I/O. This allows peripheral devices or CPU

support devices to attach to only eight of the
16 ADp-ADjs lines. The Read/Write line (R/W)
indicates the direction of the data transfer:

peripheral-to-CPU (Read: R/W = High) or
CPU-to-peripheral (Write: R/W = Low).

16-BIT Z-BUS DATA PATH

 

 

 

 
 
 
 

ADo-ADi5

SNo-SN7
 
 

 

 
 

 
 

 
 

ADs ADs AD7 ADy

[ BUS DRIVER RECEIVERS |

Do —1 D7 Do

|
| LOWER

BYTE
| BANK

(EVEN ADDRESS) | (ODD ADDRESS)
J

 
 

 

   
     

  

  

UPPER
BANK
ENABLE

 

LOWER
BANK
ENABLE  

BiW
ADp T>o

ami Li, 

Figure 9-4. Memory Organization
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9-4. Trans-
actions

(Continued)

C8002-0289

Lhe shee ot

9.4.4 EPU Transfer Transactions. These trans-
actions move data between the CPU and an

Extended Processing Unit (EPU), thus allowing

the CPU to transfer data to or from an EPU or
to read or write an EPU's Status Registers.
They are generated during the execution of
the EPAinstruction.

EPUtransfer transactions have the same

form as memorytransactions (Figure 9.3) and

thus are three clock cycles long, unless
extended by WAIT. No address is generated,

and there is only one status code that can be

used on the STo-ST3 lines (1110). In a multiple

 

 

EPU system, the EPU whichis to participate in
a transaction is selected implicitly, as

described in Section 9.5, rather than by an
address. _ ;

The data transferred is 16-bit words
(B/W = Low), except for transfers between the
Flags byte of the FCW and an EPU.In this
case, a byte of data is transferred on ADg-ADy
(B/W = High). The Read/Write line (R/W)
indicates the direction of the data transfer. The
N/S line indicates either system mode (Low) or
normal mode (High).

 

  

    

 a
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SLED WAIT CYCLES ADDED

STATUSES
(BIW, ST9-STs)
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MREQ
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 *}
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eiRr
INPUT |
 

 

XX PORT ADDRESS|
aD

OUTPUT DATA OUT re 
 

bs
ouTPuT
 

RW
OUTPUT
      

Figure 9-5. Input/Output Transaction
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9-4, Trans- ~
actions
(Continued)

9.4.5Interrupt/Trap Acknowledge Trans-
actions. These transactions acknowledge an
interrupt or tap and read a 16-bit identifier

word from the device that generated the inter-

rupt or trap. The transactions are generated

automatically by the hardware when an inter-
rupt or segmenttrap is detected.

These transactions are eight clock cycles
long at a minimum (as shown in Figure 9-6),

having five automatic WAIT cycles. The

WAIT cycles are used to give the interrupt pri-
ority daisy chain (or other priority resolution

device) time to settle before the identifier word

is read. (Consult the Z-Bus Summary for more

information on the operation of the priority

daisy-chain).
The status lines identify the type of excep-

tion that is being acknowledged. The possibil-

ities are Segment Trap (0100), Non-Maskable

Interrupt (0101), Non-Vectored Interrupt

(0110), and Vectored Interrupt (0111). No

address is generated. The N/S line indicates

 

SOMERSET GTOE GAR ROEL

System mode (Low), the B/W line indicated
Read (High), and the B/W line indicates

Word (Low).
The only item of data transferred is the

indentifier word, which is always 16 bits long
and is capturedfrom the ADo-ADjslines on

the falling clock edge just before DS is

raised High.
As shownin Figure 9-6, there are two places

where WAIT is sampled, and thus a WAIT
cycle may be inserted. Thefirst serves to delay

the falling edge of DS to allow the daisy chain

a longer time to settle, and the second serves
to delay the point at which data is read.

 

9.4.6 Internal Operations and Refresh Trans-

actions. There are two kinds of bus trans-
actions made by the CPU that do not transfer

data: internal operations and memoryrefresh.
Both transactions look like a memory trans-

action, except that Data Strobe remains High

and no data is transferred.

STATUS
  

LAST MACHINE INSTRUCTION
CYGLE OF ANY FETCH IF,
INSTRUCTION (ABORTEO)

t te ts Tr cecceenece t ty Ts

cLOcK 7 ACKNOWLEDGE
CYCLE SAVING

AUTOMATIC WAIT STATES.

Twa Twa Twa Twa Twa, ir) Te Ts

WAIT SAMPLE! IDENTIFIER SAMPLED
 3> al J \\_ SJ WX
 

WAIT CYCLES ADOED

 

 

  
 

 

 

ACKNOWLEOGE

  
 

IDENTIFIER

  
Figure 9-6.

 
Interrupt and Segment Trap Request and Acknowledge Transition.
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9-4. Trans-
actions

(Continued)

For internal operation transaction (shown in

Figure 9.7), the Address and Segment Number

lines contain arbitrary data when the Address
Strobe goes High. The R/W line indicates

Read (High); the B/W line is undefined, and

N/S is the same as for the immediately
preceding transaction. This transaction is initi-

ated to maintain a minimum transaction rate

while the CPUis doing a long internal
operation.

A memory refresh transaction (shown in

Figure 9.8) is generated by the Z8000 CPU's

T

cLocK

z 2 al

8To-8T

ao UNDEFINED

MREQ, DS, RW

Nis

 

refresh mechanism as described in Chapter 8
and can come immediately after the final clock

cycle of any other transaction. The memory ~
refresh counter’s 9-bit ROW field is output on
ADg-ADg during the normal time for
addresses. This transaction can be used to

generate refreshes for dynamic RAMs. The
value of N/S, R/W,and B/Wis the sameasfor

the immediately preceeding transaction.

WAITis not sampled during internal opera-

tion or refresh cycles.

th Ta

INTERNAL OPERATION

UNDEFINED

SAME AS PREVIOUS CYCLE

Figure 9-7. Internal Operation Timing

cLocK

 

STo-ST3

ab REFRESH ADORESS )—

REFRESH

SAME AS PREVIOUS CYCLE

 
Figure 9-8. Memory Refresh Timing
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9.5 CPU and A Z8000 CPU and one or more Extended

Extended Pro- Processing Units (EPUs) work togetherlike a

cessing Unit
Interaction

single CPU component, with the CPU pro-
viding address, status and timing signals and

the EPU supplying and capturing data. The
EPU monitors the status and timing signals out-

put by the CPU sothatit will know when to
participate in a memory or EPUtransfer trans-
action. When the EPUis to participate in a

memory transaction, the CPU puts its AD lines

in 3-state while DS is Low, so that the EPU may
use them.

In order to know which transaction it is to

participate in, the EPU musttrack the follow-

ing sequenceof events:

m When the CPUfetchesthe first word of an

instruction (ST3-STg = 1101), the EPU must

also capture the instruction returned by

memory. If the instruction is an extended

instruction, it will have an ID field which

indicates (along with the second instruction)

whether or not the EPU is to execute the

instruction.

m If the instruction is to be executed by the

EPU, the next non-refresh transaction by the

CPU will fetch the second word on the

instruction (ST3-5Tg = 1100). The EPU
must also capture this word.

g If the first word of the instruction indicates

the immediate addressing mode, the next

one to 16 non-refresh transactions by the

CPUwill fetch the immediate data
(ST3-STg = 1100, R/W = High,
B/W = Low) one word at time.

g@ If the instruction involves a read or write to
memory, there will be zero or more program

fetches by the CPU (ST3-STg = 1100) to
obtain the address portion of the extended

instruction. The next one to 16 non-refresh

transactions by the CPU will transfer data

between memory and the EPU

(ST3-STg = 1000, 1001, 1010, or 1011). The

EPU must supply the data(Write, R/WLow)
or capturethe data (Read, R/W High) for

each transaction, just as if it were part of

the CPU.In both cases, the CPU will 3-state
itsAD lines while data is being transferred
(DS Low). EPU memorytransfers are always
word-oriented (B/W Low).

a If the instruction involves a transfer between

the CPU and EPU, the next one to 16 non-

refresh transactions by the CPU will transfer
data between the EPU and CPU

(ST3-STg = 1110).

Note that in order to follow this sequence, an

EPU will have to monitor the BUSACKline to
verify that the transaction it is monitoring on

the bus was generated by the CPU. It should

also be noted that in a multiple EPU system,

there is no indication on the bus asto which

EPU is cooperating with the CPU at any given

time. This must be determined by the EPUs

from the extended instructions they capture.

A final aspect of CPU-EPU interaction is the

use of the CPU's STOP pin. When an EPU

begins to execute an extended instruction, the

CPU can continue fetching and executing

instructions. If the CPU fetches another

extended instruction before the first one has

completed execution, the EPU must activate

the CPU's STOPpin to stop the CPU (as

described in Section 9.7) until the instruction

completes execution.

Besides determining whether or not to par-

ticipate in the execution of an EPA instruction,

the EPU must determine frém thefirst two

instruction words ,

C

 

m Whether or not a memory access will be

made and how many wordsof instruction

will be fetched before the data is

transferred.

a The numberof wordsof data to be trans-
ferred for memory or EPU-CPUtransfers.

 

9.6 Requests There are three kinds of request signals that

the Z-Bus supports and the Z8000 CPU par-
ticipates in. These are

w Interrupt/Trap requests, which another
device initiates and the CPU accepts and

acknowledges.

w Bus requests, which another potential bus
master initiates and the CPU accepts and

acknowledges.

a Resource requests, which any device

capable of implementing the request pro-

tocol (usually the CPU) can request. No

component has control of the resource by

default.

The CPU supports an additional request
beyond thoseof the Z-Bus:

w Stop request, which another device initiates

and the CPU accepts.

Whena request is made,it is answered

according to its type: for interrupt/trap

requests, an interrupt/trap acknowledge trans-

action is initiated (Section 9.4.4); for bus

requests, an acknowledgesignal is sent (Sec-

tions 9.6.2 and 9.6.3); for Stop request, the

CPU enters the Stop/Refreshstate. In all cases

except Stop, the Z-Bus provides for a daisy-

chain priority mechanism to arbitrate between

simultaneous requests.
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9-6. Requests
(Continued)

9.6.1 Interrupt/Trap Request. The Z8000 CPU
supports three interrupts and one external trap

(segment trap) as showninFigure 9.6. The
Interrupt Request line (INT) of a device that is

capable of generatingan interrupt may be tied
to any of the three Z8000 interrupt pins (NMI,
NVI, VI). Several devices can be connected to

one pin, the devices arranged in a priority

daisy chain (see the Z-Bus Summary). The seg-

ment trap pin (SEGT)is activated by the
memory management hardware. The CPU uses

the same protocol for handling requests on any

of these pins. Here is the sequenceof events
that is followed:

m Any High-to-Low transition on the NMI
input is asynchronously edge-detected, and

the internal NMI latch is set. At the begin-

ning of the last clock cycle in the last

machine cycle of any instruction, the VI,
NVI, and SEGTinputs are sampled along

with the state of the internal NMI latch.

m If an interrupt or trap is detected, the sub-
sequentinitial instruction fetch cycle is

exercised, but aborted. (Thus, AS falls and

rises, but DS does not.)

 

 

 

 

 

p*—-————ANY M CYCLE———_

 

        

BaitEE ast

m The next machinecycleisthe interrupt —
acknowledge transaction(see Section 9.4.4)
that results in an identifier word from the
highest-priority interrupting device being

read off the AD lines.

gm This word, along with the program status

information, is stored on the system stack,

and new status information is loaded (see
Chapter7).

For more information about the system-level

aspects of the interrupt structure, consult the

Z-Bus Summary.

9.6.2 Bus Request. To generate transactions
on the bus, a potential bus master (such as the

DMA Controller) must gain control of the bus

by making a bus request (shown in Figure

9.9). A bus requestis initiated by pulling

BUSREQ Low. Several bus requesters may be
wired to the BUSREQ pin; priorities are

resolved externally to the CPU, usually by a

priority daisy chain (see the Z-Bus Summary).
The asynchronous BUSREO signal generates

an internal BUSREQ, which is synchronous.If

the external BUSREQ is Low at the beginning

_—_—-—_———-BUS AVAILABLE—-______—__—_>
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Figure 9-9. Bus Request/Acknowledge Timing
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9-6. Requests of any machinecycle, the internal for arbitration of priority, MI is tested again.If
(Continued) BUSREQ will cause the bus acknowledge line it is Low, the CPU has control of the resource;

(BUSACK)to be asserted after the current if it is still High, the request was not granted.
machine cycle is completed. The CPU then In the case of failure, MO must be deactivated.

enters Bus-Disconnect state and gives up con- But if successful, MO must be kept active until “—~

trol of the bus.All CPU Outputpins, except the CPU is ready to release the resource ‘

BUSREQ and MO,are 3-stated. whereupon MOis deactivated by an MRES
The CPU regains control of the bus two instruction.

clock cycles after BUSREO rises. Any device The Z-Bus Summary describes an arbitration
desiring control of the bus must wait at least scheme that is implemented with a resource

two cycles after BUSREQ hasrisen before request daisy chain.

pulling it down again. 9.6.4 Stop Request. As shown in Figure 9-10,
9.6.3 Resource Request. The CPU generates the STOP pin is normally sampled on the fall-
resource requests by executing the Multi-Micro ing clock edge immediately preceding an ini-

Request (MREQ)instruction. The CPU tests the tial instruction fetch cycle. If STOP is found
 

availability of the shared resource by examin- Low, the CPU enters Stop/Refresh state and a

ing MI. If MI is High, the resourceis stream of memory refresh cycles is inserted
available, otherwise the CPU musttry again after the third clock cycle in the instruction

later. TheMO pin is used to make the resource fetch. The ROWfield in the Refresh Counteris

request. MOis pulled Low, then, after a delay incremented by two after every refresh cycle.
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Figure 9-10. Stop Timing
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9-6. Requests
(Continued)

When STOPis found High again, ‘the next
refresh cycle is completed, then the original

instruction fetch continues.
If the EPA bit in the FCW is set (indicating

an EPUis in the system), the STOPlineis also

sampled on the on thefalling clock edge

immediately preceding the second word of an

instruction fetch—if the first word indicates an

extendedinstruction. Thus, the STOP line may

be used by an EPU to deactivate the CPU
whenever the CPU fetches an extended
instruction before the EPU hasfinished pro-
cessing an earlier one. The STOPline may
also be used to externally single-step the CPU.

 

 

9.7 Reset

ad

MREQ

$To-ST3

A hardware reset puts the Z8000 in a known

state and initializes selected control registers

of the CPU to system specifiable values (as
described in Chapter 7). A reset will begin at

the end of any clock cycle, if the RESET line
is low.

A system reset overrides all other operations
of the chip, including interrupts, traps, bus

requests and stop requests. A reset should be

usedto initialize a system as part of the power-
up sequence.

Within five clock cycles of the RESET line

becoming low (Figure 9-11) ADg-ADjs are

3-stated; AS, DS, MREQ, BUSACK, and
MOareforced High; and STg-ST3 and.
SNG-SN¢g are forced low. The R/W, B/W and
N/S lines are undefined. Reset must be held
low at least five clock cycles.

After RESET has returned High for three
clock cycles, consecutive memory-read trans-
actions are executed in the system modeto ini-

tialize the Program Status Registers. These cor-
respond to the memory accesses described in
Chapter 7.
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Figure 9-11. Reset Timing
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