38000
MICROPROCESSOR
FAMILY

PROGRAMMING

15t EDITION

JUNE 1990







Instruction Set

Introduction

This Manual 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 group are listed, followed
by a summary description of the instructions.
Significant characteristics shared by the
instructions in the group, such as the 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 examples illustrating the use of the
instruction.

Functional Summary

This section presents an overview of the
78000 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

Extended Instructions

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 CPU flags.

The Load and Load Relative instructions
transfer a byte, word, or long word of data
from the source opérand 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.

Load and Exchange Instructions.

Instruction Operand(s) Name of Instruction
CLR dst Clear

CLRB

EX dst, src Exchange

EXB

LD dst, src 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, srcA Push

PUSHL

These instructions basically provide one of
the following three functions:
® Load a register with data from a register or
a memory location.




Functional Summary (Continued)

a Load a memory location with data from a
register.

®m 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.

The Exchange instructions 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 occur at interrupts. The instruction
allows any contiguous group of 1 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 R3-R15 and
RO-R3 with a single instruction.)

Stack operations are supported by the
PUSH, PUSHL, POP, and POPL instructions.
Any general-purpose register (or register pair
in segmented mode) 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 memory location,
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
when a 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.

The Arithmetic group consists of instructions
for performing integer arithmetic. The basic

instructions use standard two's complement
binary format and operations. Support is also
provided for implementation of BCD
arithmetic.

Arithmetic Instructions

Instruction Operand(s) Name of Instruction
ADC dst, src Add with Carry
ADCB

ADD dst, src Add

ADDB

ADDL

CP dst, src Compare

CPB

CPL

DAB dst Decimal Adjust
DEC dst, src Decrement
DECB

DIV dst, src 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

Most ot the instructions in this group per-
form an operation between a register operand
and a second operand désignated by any. of
the five.basic addressing modes, and load the
result into the register.

The arithmetic instructions in general alter
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 H 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, (ADC, ADCB),
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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 (ADC, 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 many significant bits
to be contained entirely in the low-order half
of the destination.

The Divide instruction (DIV) divides a 32-bit
number in the destination register pair by a
16-bit source operand and loads a 16-bit quo-
tient into the low-order half 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
guadruple 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.

Logical Instructions. .

Instruction Operand(s) Name of 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 each of 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-operand instructions, And (AND,
ANDB), Or (OR, ORB) and Exclusive-Or
(XOR,XORB) perform the appropriate logical
operations on corresponding bits of the desti-
nation register and the source operand, which
can be designated by any of four basic add-
ressing 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 four
basic addressing modes to specify the
destination.

The Logical instructions set the Z and S flags
based on the result of the operation. The byte
varjants 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 and D flags are not affected
by these instructions.

Program Control Instructions.

Instruction Operand(s) Name of Instruction
CALL dst Call Procedure

CALR dst Call Procedure Relative
DINZ r, dst Decrement and Jump if
DBINZ Not Zero

IRET Interrupt Return

JP cc, dst Jump

JR cc, dst Jump Relative

RET cc 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 memory are not altered except
for the processor stack pointer and the pro-
cessor stack, which play a significant role in
procedures and interrupts. (An exception is
Decrement and Jump if Not Zero (DINZ), which
uses a register as a loop counter.) The flags

-are also preserved except for IRET which

réloads the program status, including the
tlags, from the processor stack.

The Jump (JP) and Jump Relative (JR)
instructions provide a conditional transfer of
control to a new location if the processor flags
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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 any of
these instructions. The C and S 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.

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. The latter 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

Input/Output Instructions.

Instruction Operand(s) Name of Instruction
IN dst, src Input

INB

IND dst, src, r Input and Decrement
INDB

INDR dst, src, r Input, Decrement and
INDRB Repeat

INI _dst, sre, r Input and Increment
INIB

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

OTDR dst, src, r Output, Decrement and
OTDRB ' Repeat

OTIR dst, src, 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, src, 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
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are connected to bus lines ADg-AD;. Standard
I/0 byte instructions use odd addresses only.
Special 8-bit peripherals such as the MMU,
which are used with special [/O instructions,
are connected to bus lines ADg-AD)5. Special
I/0 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 number is
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 /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.

CPU Control Instructions.

Instruction Operand(s) Name of Instruction
COMFLG flag Complement Flag
DI int Disable Interrupt

El int Enable Interrupt
HALT Halt

LDCTL dst, src 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

All I/O instructions are privileged, i.e. they
can only be executed in system mode. The
single byte/word I/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.

The instructions in. this group relate to the
CPU control and status registers (FCW, PSAP,
REFRESH, etc.), or perform other unusual
functions that do not fit into any of the other
groups, such as instructions that support multi-
microprocessor operation. Most of these
instructions are privileged, with the exception
of NOP and the instructions operating on the
flags (SETFLG, RESFLG, COMFLG,

LDCTLB).

Extended Instructions. The 28000
architecture includes a powerful mechanism
for extending the basic instruction set through
the use of external devices known as Extended
Processing Units (EPUs). 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 28000 CPU instruction 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. When this 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. ’




Processor Flags

The processor flags are a part of the pro-
gram status: They provide a
link between sequentially executed instructions
in the sense that the result of executing one
instruction may alter 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 Isets Z flag if R1 = 0!

JR Z, DONE Igo to DONE if Z flag is
set!

DONE:

The program branches to DONE if 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:

B Carry (C)

& Zero (2)

B Sign (S)

B Parity/Overflow (P/V)
B Decimal Adjust (D)
B Half Carry (H)

The flags are.modified by many instructions,
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-
grammer to set, reset (clear), or complement
any or all of the first four flags. The Half-Carry
and Decimal-Adjust flags are used by the
28000 processor for BCD arithmetic correc-
tions. They are not used explicitly by the pro- -
grammer.

The FLAGS register 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 out of bit 7
and sets the Carry flag:
Bit

7 6 5 4 3 2 1 o0

225 1 1 1 0 0 0 O 1

+ 64 0 1 0 0 0 0 0 o©

29 ~n0 0 1 0 0 0 0 1
[:1 = Carry flag

The Carry flag plays an important role in the
implementation of multiple-precision arithmetic
(see the ADC, SBC instructions). 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 compare instructions 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 number in two's complement
notation) following certain operations.

The Overflow (V) flag, when set, indicates
that a two's complement number in a result
register has exceeded the largest number or is
less than the smallest number that can be
represented in a two's complement notation.
This flag is set as the result of an arithmetic
operation. Consider the following example:

Bit
7 6 S 4 3 2 1 0

120

0 1 1 0 1 0
+105 0 0

1 1 0 1

o| oo
—

225 1 1 1 0 0 0
El Overflow flag

The result in this case (-95 in two’s comple-
ment notation) is incorrect, thus the overflow
flag would be-set.

The same bit acts as a Parity (P) flag follow-
ing logical instructions on byte operands. The
number of one bits in the register is counted
and the flag is set if the total is even (that is,
P = 1). If the total is odd (P = 0), the flag is
reset. This flag is often referred to as the
P/V flag.

8






Instruction Interrupts and Traps (Continued)

The ZBOOOvCPUs implement four kinds of
traps:

8 Extended Instruction

@ Privileged Instruction in normal mode
® 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 is a
zero. This allows the same software to be run
on Z8000 system configurations with or without
EPUs. On systems without EPUs, the desired
extended instructions can be emulated by soft-
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 most of 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.

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 common instruction fields (e.q., 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 covers all 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 operand size. 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 shown is for the most basic form of the
instruction recognized by the assembler. For
example,

ADD Rd, #data

represents a statement of the form
ADD R3,#35. The assembler will also accept
variations like ADD TOTAL, #NEW-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 wheren = 0 - 7

RRd RRs: a register pair RRO, RR2,
... RR14

RQad: a register quadruple

RQO, RQ4, RQ8 or RQI12

The “s" or "'d” represents a source.or destina-
tion operand. Address registers used in
Indirect, Base and Base Index addressing
modes represent word registers in nonseg-
mented mode and register pairs in segmented
mode. A one-word register used in segmented

10



Notation and Binary Encoding (Continued)

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

Fields specifying register operands are
identified with the same symbols (Rs, RRd,
etc.) as in Assembler Language Syntax. In
some cases, only honzero values are permitted
for certain registers, such as index registers.
This is indicated by a notation of the form
“RS # 0.”

The binary encoding tor register fields is as
follows:

Rogister Binary
RQO RRO RO RHO 0000
Rl RHI 0001
RR2 R2 RH2 0010
R3 RH3 0011

Register Binary

RQ4 RR4 R4 RH4 0100
RS RHS 0101

RR6 R6 RH6 ol10

R7 RH7 011l

RQ8 RR8 R8 RLO 1000
R9 RL1 1001

RR10 R10 RL2 1010

R1l RL3 1011

RQI2  RRI2 R12 RL4 1100
RI3 RLS 1101

RR14 R14 RL6 1110

R15 RL7 1111

For easy cross-references, the same symbols
are used in the Assembler Language Syntax
and the instruction format. In the case of ad-
dresses, the instruction format in segmented
mode uses “segment” and “offset” to corres-
pond to “address,” while the instruction format
contains “displacement,” indicating that the
assembler has computed the displacement and
inserted it as indicated.

A condition code is indicated by “cc” in
both the Assembler Language Syntax and the
instruction formats. The condition codes, the
flag settings they represent, and the binary
encoding in the instruction are as follows:

11






28000
Instruction
Descriptions
and Formats

ADC
Add With Carry

Operation:

Flags:

ADC dst, src dst: R
ADCB src: R

dst - dst + src + ¢

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 operands to
be carried into the addition of high-order operands.

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 the result is of the opposite sign; cleared otherwise

D: ADC—unaffected; ADCB—cleared

H: ADC—unalffected; ADCB—set if 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: ﬁgggagbgs Rbs [1ol11010[w| as | ra | 5 l1ol11010[w| as | na | s
Example: Long addition can be done with the following instruction sequence, assuming RO, R1

contain one operand and R2, R3 contain the other operand:

ADD RI,R3 'add low-order words!
ADC RO,R2 ladd carry and high-order words!

If RO contains %0000, R1 contains %FFFF, R2 contains %4320 and R3 contains
%0001, then the above two instructions leave the value %4321 in RO and %0000
in RI.

13



ADD

Add

ADD dst, src dst: R
ADDB src: R, IM, IR, DA, X
ADDL
Operation: dst «- dst + src
The source operand is added to the destination operand and the sum is 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 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 the result is of the opposite sign; cleared otherwise
D: ADD, ADDL—unaffected; ADDB—cleared
H: ADD, ADDL—unaffected; ADDB—set if there is a carry from the most significant
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
| ADDa b R [oloooow[ me [ma] | o | [ofoocodw[ m [ma]| 4
ADDL RRd, RRs l1ofo10110] rrs | RRa | 8 [10]010110] rRs | RRa | 8
IM: ADD Rd, #dat
fdata 00]000001[0000] Rd 7 00{000001[0000] Rd .
data data
ADDB Rbd, fdata 00/ 000000 [0000] Rd 7 00| 000000 |0000] Rd 7
data data data data
ADDL  RRd, fdata 00010110 0000] RRd 00010110 ]0000] RRd
3 data (high) 16 14 31 data (high) 16 14
15 data (low) 0 15 data (low) 0
IR: ADD Rd, @Rs! '
ADDB Rbg, ;Rs] [oojooooo]w] Re=o] ma ] 7 [oolocooo[w[ Rs<o] Ra | 7
ADDL RRd, @Rs! 14 loo[o10110 [ Rs+0] RRa 14

loo[o10110{Rs=0 | ARa |

14



ADD

Add

Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
DA: ADD Rd, address
. 1|lo0ooo|w|oooo| Rd
ADDB Rbd, address o1]ocoocw]ovoc] o |ssforioccocwoooo] na 10
address 0| segment offset
o1]ooooolw 0000 ]Ja
SL 1[ segment | 00000000 12
offset
ADDL RRd, address 01/ 0101100000/ RRd 15 ssotlolono 0000| RRd 1
address 0| segment offset
olrotm 10 ooooJ RRd
SL 1l segment 00000000 18
offset
X: ADD Rd, addr(Rs)
. oo|w| R
ADDB Rbd. edic(Rs) 01Jooo0o[w| Rs=0| Rd w0 lss 01jo0000/w[Rs=0] Ra 10
address 0[ segment offset
o1|1)oooo[w Rs+0 ] Rd
SL[1] segment [ 00000000 13
offset
ADDL RRd, addr(Rs) 01010110 | Rs=0 | RRd 6 |ss 01]010110] Re=0| RRd 16
address 0| segment olfset
01010110 [ Rs=0] RRd
SL 1[ segment | 00000000 19
offset
Example: ADD R2, AUGEND laugend A located at %1254!
Before instruction execution:
Memory R2 Flags
1262 [so21] CZSPVDH
1254 [06 4 4 czepdh
1258
After instruction execution:
tomory R2 Flags
1252 | CZSPIVD H
1254 Jo 6 4 4 0010dh
1258

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

Example:

ANDB RL3, # %CE

Before instruction execution:

RL3 Flags -
' 11100110 ] CZSPVDH
czs pdh

After instruction execution:

RL3 Flags
[ 11000110 I CZSPNDH
c031 t dh

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

Bit Test

BIT dst, src
BITB

dst: R, IR, DA, X

src: IM
or

dst: R
src: R

Operation: Z <« NOT dst (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 RIS for BIT. The bit
number is a value from O to 7 for BITB, or O to 15 for BIT, with O 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

Bit Test Static

Destination Nonsegmented Mode Segmented Mode

Addressing | Assembler Language

Mode Syntax Instruction Format Cycles Instruction Format Cycles
R BIT8 Rba, b [rofroorsjw[ ma [ v ] | 4 | [1ofioons[w] na [ v ]| 4
" gga@ggi{lbb [col1oorrwinaco] o | 8 [oo[10011|w[Ras0] b | 8
DA: BIT address, b T

BITB address, b o1froots]wfoooo] » 10 |ss|orlio0ri[wloooo] ® "
address 0| segment offset
oﬂ?oon]w 0000 b
SL ‘r‘,oﬂmsnt 0000 0000 13

offset
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BIT

Bit Test

Bit Test Static (Continued)

Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format l Cycles Instruction Format ] Cycles
X: BIT addr(Rd), b
BIT addr(Rd). b 01[10011/w[Rd=0] b 1 lss o1[10011[w[Rd=0] b »
address 01 segment offset
o1]10011|w[Rdz0| b
SL[1] segment |0000 0000 14
offset
R: BIT Rd, Rs 00[10011]w[ooo0] s 10 00f10011]w[oo00] rs 10
BITB Rbd, Rs 0000] Rd [o0o00fo000 0000 Ra [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.
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CALR

Call Relative

Operation:

Flags:

CALR dst dst: RA

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 onto the top of the
processor stack. The stack pointer used is R15 if nonsegmented, or RR14 if
segmented. (The program counter value used is the address of the first instruction
byte following the CALR instruction.) 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 used to 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 displacement in 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.

No flags affected

Destination
Addressing
Mode

Nonsegmented Mode Segmented Mode

Assembler Language
Syntax Instruction Format Cycles Instruction Format Cycles

RA:

CALR address I 1101 I displacement J 10 I 1101 ] displacement J 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
Clear

CLR dst dst: R, IR, DA, X
CLRB

Operation: dst < 0

The destination is cleared to zero.

Flags: No flags affected.
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: CLR Rd v y
CIRB Rbd [10Jo0110]w]Ra = 0]1000] 7 [10Joo110{w|ra=o[1000]| 7
IR: CLR @Rdfl
CLRB oRd! foojoo110[w[ra=0l1000] 8 Joojoo110{w|Ra=0/1000]| 8
DA: CLR address
CLRB addross o1joo110{w|oo00[1000 1 lss o1joo110{w|0000]1000 12
address g segment offset
o1foo110(w ooooﬁooo
SL 1rsogment 0000 0000 14
offset
X: CLR addr(Rd)
CLRB addr(Rd) 01/00110{w|Rd=0{1000 2 |ss 01001 10/w| Ra=0]1000 12
address 0| 'segment offset
| o1]o0110/w|Rd=0 [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 0 in the word at location % ABBA.

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

Complement
COM dst dst: R, IR, DA, X
COMB
Operation: (dst <= NOT dst)
The contents of the destination are complemented (one’s complement); all one bits
are changed to 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—set if 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: COM Rd
COMB Rbd [10]o0110]w[Rd + o]0 000] 7 [1o[oo110]w]rd + 0f0000]| 7
IR: COM @Rdi
aofoo110{w|[Rd =0[0000 12 00foo110{w[Rd = 0[0000 12
coM eRd [CEeroreison] | 12 | [Eoeroleolsoss]
DA: COM address o1{oo110/w[0000[0000 01{00110/wloo00 0000
COMB address 15 SS 16
address 0] segment offset
01]oo110[w|[0000[0000
sL{1] segment 0000 0000 18
oftset
X: COM addr(Rd) ﬂl““ L ] ]’ I l l
f o|w| Ra=0{0000 01{o0110{w| Rd=0[0000
COMB addr(Rd) address 16 ss o[ segment olfset 16
01/00110{w| Rd=0]0000
sL 1[ segment |0000 0000 19
offset
Example: If register Rl contains %2552 (0010010101010010), the statement

COM Rl

will leave the value %DAAD (1101101010101101).in R1.

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

Operation:

Flags:

Compare
CP dst, src dst: R
CPB src: R, IM, IR, DA, X
CPL or
dst: IR, DA, X
src: IM
dst — src

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 complement of
the source operand to the destination operand. There are two variants of this instruc-
tion: Compare Register compares the contents of a register against an operand
specified by any of the five basic addressing modes; Compare Immediate performs a

comparison between an operand in memory and an immediate value.

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 Registér

Source Nonsegmented Mode Segmented Mode
Addressing| Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
B | e s [ofooroiw we [ ]| 4 | [ofoorouw] me [ wa] |
CPL RRd, RRs [fo[010000] ws | Ra | 8 [1o[010000] s [ Rd | 8
IM: CP Rd, fdata :
00{001011]o000] md ; 00[001011[0000] Rd ;
data data
CPB Rbd, #data 00001010 [0000| Rd 7 00]0010100000] Rd 7
data data data data
CPL RRd, fdata 00] 010000 [0000| Rd [oo[ 019000 0000] e
3 data (high) 16 14 3 data (high) 16 14
15 data (low) 0 15 data (low) 0
IR: ggBRgij,H;Rsl [00Joo101[w| Rsz0| Ra | 7 [oofoo101[w|Rs<o] na | 7
CPL RRd, @Rs! [00[ 010000 [Rs=0] ra | 14 [oo[ 010000 Rs<0] Ra | 14
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CP

Compare

Source
Addressing

Assembler Language

Nonsegmented Mode

Segmented Mode

Mode Syntax Instruction Format Cycles Instruction Format Cycles
DA: CP Rd, address
GPB Rb, address o1]oo101]w[o0oo| Rd o |ss 01[oo101/w[o000]| Rd 10
address 0] segment offset
a1joo101[wlooao| R
SL{1| segment {0000 0000 12
offset
CPL RRd, address 01/ 010000 0000] Rd 01]010000[0000] ra
15 SS 16
address K ol segment offset
01]0100000000] Rd
sL[1] segment [0000 0000 18
offset
X: CP Rd, addr(Rs)
: 01]00101|w| Rs=0| Rd 01Joo101[w[ Rss0| Rd
10 S 10
CPB Rbd, addr(Rbs) address s 0[ segment offset
01]oo101|w| Rs<0| Rd
SL|1| segment [0000 0000 13
offset
CPL RRd, addr(Rs) 01{ 010000 [Rs » 0| Rd © lss 01{010000 [Rs=0| Rd "
address 0] segment offset
01]010000 [ Rs»0| Rd
SL 1[ segment |0000 0000 19
offset
Compare Immediate
Destination Nonsegmented Mode Segmented Mode
g 1
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
IR: CP @Rd!, fdata 00foo110/w|Ra=0[0001 00[00110[w|rd=0[0001
data " ’ data n
CPB @Rd!, fdata 00f00110|w| Ra=o]o001 » 00]00110]w| Ra=0]0001 "

data data

data data
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CP

Compare

Destination
Addressing

Assembler Language

Nonsegmented Mode

Segmented Mode

Mode Syntax Instruction Format Cycles Instruction Format Cycles
DA: CP address, fdata o1Joo110{w[o000]0001 01/oo110/w[0000]0001
address 14 SS|0| segment oftset 15
data data
01Joo110[w[o000]0001
1 t [0000 0000
sL I segmen 17
offset
data
CPB address, fdata o1[oo110/w/0000]0001 o1[oo11o|w 00000001
address 14 SS|o | segment offset 15
data ‘ data data data
o1{oo1 10w 00000001
SLLLsegmen! 0000 0000 17
offset
data l - data
X: CP addr(Rd), fdata 01Joo110[w|Rd s 0[0001 01]00110/w[Rd = 00001
address 15 SS ol segment offset 15
data data
01[00110{w|Rd=o0[0001
st 1] segment . | 0000 0000 18
offset
data
CPB addr(Rd), fdata 01{00110/w] Rd=0 0001 OIIBO1IDIW nu:o]oom
address 15 SS|o| segment offset 15
data l data data data
01Joo110[w[Rd=0 0001
SL 1! segment [ 0000 0000 18
oftset
data r 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,#3

will leave the C flag set, indicating a borrow, the S flag set, and the Z and V flags

cleared.

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

Compare Decrement and Repeat

CPDR dst, src, r, cc dst: IR

CPDRB src: IR

Operation: dst — src
AUTODECREMENT src (by 1 if byte; by 2 if word)
rer -1
repeat until cc istrueor R = 0
This instruction is used to séarch a string of data for an element meeting the
specified condition. The contents of the location addressed by the source register are
compared to (subtracted from) the destination operand, and the Z flaqg is set if the
condition code specified by “cc” would be set by the comparison; otherwise the Z
flag is cleared. See list of condition codes. Both operands are unaffected.
The source register is then decremented by one if CPDRB, or by two if CPDR, thus
moving the pointer to the previous element in 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 search a string from 1 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 resimed. 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: Unalfected
Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles? Instruction Format Cycles?
IR: CPDR Rd, @Rs!, r, cc 10”101Iw Re
: - T <0[1100 1011101|w|re = 0[1100
11+9n 11+9n
CPDRB Rbd, @Rsl!, r, cc oooo] ¢t |Razo| oo oooq] v |Rasol <
Example: If the string of words starting 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 5, 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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CPI

Compare and Increment

CPl dst, src, r, cc dst: [R
CPIB src: IR

Operation: dst - src
AUTOINCREMENT src (by | if byte; by 2 if word)
rer-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
compared to (subtracted trom) 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 list of condition codes. Both operands are unaflected.
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 source, destination, and
Counter registers must be separate and non-overlapping registers. 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: CPIRd, GRs!, r, cc 1011101 [w|Rs =0[0000 1011101 |w[rs = o] 0000
CPIB Rbd, @Rs!, r, cc 20 20
0000] r [Ra«0| cc 0000] r [Ra=o0] cc
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CPIR

Compare, Increment and Repeat

Example:

The following sequence of instructions (to be executed in nonsegmented mode) can
be used to search a string for an ASCII return character. The pointer to the start of
the string is set, the string length is set, the character (byte) to be searched for is

set, and then the search is accomplished. Testing the Z flag determines whether the
character was found. For segmented mode, Rl must be changed to a register pair.

LDA R1, STRSTART

LD R3, #STRLEN

LDB RLO, #% D thex code for return is D!
CPIRB RLO, @R1, R3, EQ

IR Z, FOUND

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
Note 2: n=number of data elements compared.
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CPSD

Compare String and Decrement

Operation:

Flags:

CPSD dst, src, r, cc

CPSDB

dst: IR
src: IR

dst - src .
AUTODECREMENT dst and src (by 1 if byte; by 2 if word)

rer-1

This instruction can be used to compare two strings 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 list of condition codes. Both ope-
rands 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.

C: Cleard if there is a carry from the most significant bit of the result of the com-
parison; set otherwise, indicating a “borrow”. Thus this flag will be set if the
destination is less than the source when viewed as unsigned integers.

Z: Set if the condition code generated by the comparison matches cc; cleared
otherwise

S: Set is the result of the ‘comparison is negative; cleared otherwise

V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected

H: Unaffected

Addressing
Mode

Assembler Language

Nonsegmented Mode " Segmented Mode

Syntax Instruction Format Cycles Instruction Format Cycles

IR:

CPSD @« Rdl, @Rs!, 1, cc
CPSDB «Rd!,«Rs!,r,cc

1011101]w[Rs + o[ 1010 25 1011101]|w{Rsz0[1010
0000] r [maxo| cc 0000 r [Rrd=0] cc

25

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 R3 will contain %2FFF. For segmented
mode, R2 and R3 must be changed to register pairs.

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

Compare String, Decrement and Repeat

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 O, 1, 1, 0, register R13 con-
tains %1006, register R14 contains %2006, and register RO contains 4, the instruc-
tion (executed in nonsegmented mode)

CPSDR @RI13, @Rl4, 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 %0FFE, 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=number of data elements compared.
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CPSI

Compare String and Increment

CPSI dst, src, 1, cc dst: IR
CPSIB src: IR
Operation: dst — src
AUTOINCREMENT dst and src (by | if byte, by 2 if word)
rer -1
This instruction can be used to compare two strings 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 list of condition codes. Both ope-
rands 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 @Rd!,@Rs! ,r,cc 1011101|w[Rs = 0f0010 1011101|w|Rs = 0[0010
CPSIB @Rd!,@Rsl,r,cc oooo]  Trdsol o 25 ooool r Irazol <o 25

37






CPSIR

Compare String, Increment and Repeat

Operation:

Flags:

CPSIR dst,src,r,cc dst: IR
CPSIRB src: IR

dst — src

AUTOINCREMENT dst and src (by 1 if byte, by 2 if word)
rer-1

repeat until ccis trueorr = 0

This instruction is used to compare two strings 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 “c¢” would be set by the com-
parison; otherwise the Z flag is cleared. See 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 1 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. The source, destination, and counter registers must be separate and non-
overlapping registers.

C: Cleared if there is a carry from the most significant bit of the result of the last
comparison made; set otherwise, indicating a “borrow”. Thus this flag will be set
if the last destination element is less than the last source element when viewed as
unsigned integers.

Z: Set if the condition code generated by the comparison matches cc; cleared
otherwise

S: Set if the result of the last comparison made is negative; cleared otherwise

V: Set if the result of decrementing r is zero; cleared otherwise

D: Unaffected

H: Unaffected

Addressing
Mode

Assembler Language

Nonsegmented Mode Segmented Mode

Syntax Instruction Format Cycles? Instruction Format Cycles?

IR:

CPSIR @Rdl @Rs!,r.cc
’ [ 1011101 (W 0{0110 1011101 | W 011
CPSIRB @Rdl,@Rs! r.cc 1[w]re « [W[rs < 00110

11+14n 11+14n

0000] r Jmdso] cc 0000[ r [mdxo| e
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CPSIR

Compare String. Increment and Repeat

Example:

The CPSIR instruction can be used to compare test strings for lexicographic order.
(For most common character encoding — for example, ASCII and EBCDIC — lexi-
cographic order is the same as alphabetic order for alphabetic test strings that do
not cortain blanks.)

Let S1 and S2 be text strings of lengths L1 and L2. According to lexicographic
ordering, Sl is said to be “less than” or “before” S2 if either of the following is true:

@ At the-first character position at which S1 and
S2 contain different characters, the character
code for the Sl character is less than the
character code for the S2 character.

m Sl is shorter than S2 and is equal, character for
character, to an initial substring of S2.
For example, using the ASCII character code, the following strings are ascending
lexicographic order:

wwC
Q0

D

e e e e

‘BD
Let us assume that the address of Sl is in RR2, the address of S2 is in RR4, the
lengths L1 and L2 of S1 and S2 are in RO and Rl, and the shorter of L1 and L2 is in
R6. The the following sequence of instructions will determine whether Sl is less than
S2 in lexicographic order:
CPSIRB @RR2, °RR4, R6, NE IScan to first unequal character!
IThe following llags settings are possible:
Z =0,V = 1: Strings are equal through L1
character.(Z = 0, V = 0 cannot occur).
Z =1,V = 0or l: A character position was
found at which the strings are unequal.
C = 1(S = Oor 1): The character in the RR2
string was less (viewed as numbers from 0 to
255, not as numbers from -128 to +127).
C = 0(S = Oor 1): The character in the RR2
string was not less!
JR Z,CHAR_COMPARE 11f Z=1, compare the characters!
CP RO,R1 IOtherwise, compare string lengths!

JR'LT, SI_IS__LESS
JR SI_NOT__Less

CHAR_COMPARE:
JR ULT, SI__IS__LESS IULT is another name for C=1!

SI_NOT LESS:

.

S1_IS__LESS:
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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 1
0 9-F 0 A-F 66 1
0 A-F 1 0-3 66 1
1 0-2 0 0-9 60 1
1 0-2 0 A-F 66 1
SUBB 0 0-9 0 0-9 00 0
SBCB 0 0-8 1 6-F FA 0
1 7-F 0 0-9 A0 1
1 6-F 1 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: Unattected
D: Unaffected
H: Unaffected
Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: DAB Rbd [1o] 110000 Ra Joooo] 5 f10]110000] na Joooo] 5
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DEC

Decrement
DEC dst, src dst: R, IR, DA, X
DECB src: IM
Operation: dst «- dst — src (where src = 1 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 value of the source field in the instruction is one less than the actual value of the
source operand. Thus, the coding in the instruction for the source 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,
and the 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, #n T T
g 10[10101|W| Rd -1 4 10[10101(W| Rd -1 4
DECRd. in [elrorow] we T2 1] [efroro o] e [n—1]
IR: DEC @Rd!, #n T
: ’ 00{10101|W| Rd=0 [ n - 1 00{10101/w/ Rd20 | n -1 11
DECB oRd! 1 [oofrotorfwirazoln-s] | 11 foo[1ot10r]w]Rdso]n- 1]
DA: DEC address, #n 01[10101]w[oo0o]n -1 01]10101|w[o000|n-1
DECB address, #n 13 Ss 14
address ol segment offset
0110101]w[0000]n -1
SL{1] segment 0000 0900 16
oftset
X: DEC addr(Rd), #n
‘ 01/10101 /W[ Ras0[n - 1 01]10101]w] Rd=0 ] n -1
DECB addr(Rd), #n prvwn 1SS sogment | ottt "
01[10101/W|Rd=0] -1
SL[1] segment [0000 0000|| 47
offset
Example: If register R10 contains %0024, the statement

DEC RI0

will leave the value %0029 in R10.

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

Operation:

Flags:

DIV dst, src dst: R
DIVL src: R, IM, IR, DA, X

Word: (dst is register pair, src is word):
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, src is long word or register pair):
dst (0:63) is divided by src (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 remainder is stored
in the high-order half of the destination. The contents of the source are not affected.
Both operands are treated as signed, two's complement integers and division is per-
formed so that the remainder is 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 source is a long word value.

There a four possible outcomes of the Divide instruction, depending on the division,
and the resulting quotient:

CASE 1. If the quotient is within the range -2!5 to 215 - 1 inclusive for DIV or
-231 t0 231 — 1 inclusive for DIVL, then the quotient and remainder are left 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 uncﬁanged, the
overflow and zero flags are set to one and the carry and sign flags are cleared to
zero.

CASE 3. If the quotient is outside the range -216 to 216 — 1 inclusive for DIV or -232
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 remainder are left in the
destination register, the overflow and carry flags are set to one, and the sign and
zero flags are set according to 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.

C: Set if V is set and the quotient lies in the range from -216 o5 216 — | inclusive for
DIV or in‘the range from -232 to 232 inclusive for DIVL; cleared otherwise

Z: 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 — ] inclusive for DIV or outside range from -23! to 231 -} inclusive
for DIVL; cleared otherwise

D: Unaffected

H: Unaffected
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DIV
Divide

Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles2 Instruction Format Cycles2
Y
R: DIV RRd, Rs J1o]a11011] ms | ma | [10] 011011 ] rs | Ra |
DIVL RQd, RRs Jroloit010] ms | ma | [10[011010] rs | ma |
IM: DIV RRd, fdata 00[011011]0000] e 0o[011011]o000] Re
data data
DIVL RQd. fdata 00[ 011010 0000| Ra 00[ 011010 0000] Rd
E3) data (high) 16 3 data (high) 16
15 data (low) [ 15 data (low) 0
IR: DIV RRd, @Rs! fooJorr011 Rs=0] ra | [oo 011011 Rs=0] ra |
DIVL RQd. @Rs! [oolo11010 Rs20] ne | Joojo11010| Rs=0| Ra |
DA: DIV RRd, address 01/ 011011 ]0000] Rd ss 01]011011]0000] Rd
address 0[ segment offset
01)011011]0000] Rd
SL 11 segment 0000 0000
ofiset
DIVL RQD. address 01/ 011010[0000] Ra Y (2] EXEIXD) 0000] Rd
address OL segment offset
01{ 011010 0000] Rd
SL 1] segment (0000 0000
offset
X: DIV RRd, addr(Rs) o1l 011011 [ Rsx0| Rd ss °'T°”°“ Rs+0|
address lDLsogmom offset
01]011011 ‘ns:o[ Rd
SL|1| segment {0000 0000
oftset
DIVL RQd, addr(Rs) 01[011010]Rs=0] Ra s 01]011010] Rs=0] Rd
address S 0[ segment oftset
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.’
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DIV
Divide

Example: The following table gives the DIV instruction execution times for word and long
word operands in 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 108 108 111 745 746 748
X 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 15 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 Sl
IM 25 25 25 51 Sl Sl
IR 25 25 25 Sl 51 51
DA 26 27 29 52 53 55
X 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 DIVL is 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).

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

Note 2: The execution time for the instruction will be lower than indicated for divide by zero and certain
overflow conditions.
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Privileged El

Enable Interrupts

El int Int: VI, NVI

Operation: If instruction (0) = O then NVI -« |
If instruction (1) = O 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) are set to one if 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
Elint [o1111100 Jooooon[¥]}] 7 [o1111100 Jooooo1 ]33] 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

Exchange
EX dst, src dst: R
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: No flags affected
Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: gsﬁabgsﬁbs [rof10110]w] ms | na'] 6 [o[10110[w] ms T ra ]| 6
IR: Eieﬂﬁbgﬂgﬁsl Joo[10110[w]Rs=0] ra | 12 [ooj10110/w|[Rs=0] Ra ]| 12
DA: EX Rd, address
EXB Rbd. adidsess 01]10110[w[oooo] nd 15 |ss o1f1o110/w]oooo] A 1
address OL segment oftset
o1]10110{w[0000] Rd
SL 11 segme’nt 0000 0000 18
offset
X: gBﬂgE;dd;(:S&) 01[10110[w[Rs=0] Rd 16 |ss o1f10110]w[Rs+0] Rd 16
- adanns address 0| segment offset
o1[10110[w[rs+0 [ na
sL 1] segment | 0000 0000 19
offset

Example: 1f register RO contains 8 and register R5 contains 9, the statement
EX RO,RS
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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EXTS

Extend Sign

EXTSB dst dst: R
EXTS
EXTSL
Operation: Byte
if dst (7) = O then dst (8:15) <« 000...000
else dst (8:15) - 111...111
Word
if dst (15) = O then dst (16:31) < 000...000
else dst (16:31) - 111...111
Long
if dst (31) = O 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 all bit
positions of the high-order half of the destination. For EXTS, the destination is a
register pair; for EXTSL, 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: No flags affected
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: EXTSB Rd [0l 110001 ] ra [0000} 1 |10l 110001 ] Ra Joooo] 1
EXTS RRD [10[ 110001 ] ra [1010] 1 [1o[ 110001 ] ra [1010] 1
EXTSL RQd [1o] 110001 ] Rra [0111] 1 liof 110001 ] aa [0111] 1
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).
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Privileged

IN (SIN)

(Special) Input

IN dst, src dst: R
INB src: IR, DA
SIN dst, src dst: R
SINB src: DA
Operation dst - src
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 1/O operation; SIN and
SINB are used for-Special 1/O operation.
Flags: No flags affected
Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
IR: IN Rd!, @R
INB Rbdl,;Rs loof11110[w| rs | ra | 10 loof11110fw] Rs | ma | 10
DA: IN Rd, port
INB Rbd, port oo[111o1]w[ Rd 10105 12 oo]nun]w] Rd Lows 12
port port
SIN Rd, port
SINB Rbd, port
Example: 1f 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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INDR (SINDR)  Privileged

(Special) Input, Decrement and Repeat

INDR dst, src, r : dst: IR
INDRB src: IR
SINDR
SINDRB

Operation: dst <« src
AUTODECREMENT dst (by 1 if byte, by 2 if word)
rer -1
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 SINDRB 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 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 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 INDR or SINDR).
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 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: Unatfected

. Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles? Instruction Format Cycles?
IR: INDR @Rd!, @Rs, r
INDRB @Rd!, @Rs, Joo11101|w|rs = 0[1008 114100 [0011101]|W][Rs«0f100s] |, 00
0000 Rd = 0{0000 0000] Rd = 0/0000

SINDR @Rdl, @Rs, r
SINDRB @Rd!, @Rs, r
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INI (SINI) Privileged

(Special) Input and Increment

INI dst, src, r dst: IR
INIB src: IR
SINI
SINIB
Operation: dst - src
AUTOINCREMENT dst (by 1 if byte, by 2 if word)
rer-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 1/O port addressed by the source word register-are loaded into the memory loca-
tion addressed by the destination register. I/O port addresses are 16 bits. The
destination register is then incremented.by one if 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 the I/O port in the source register is unchanged.
Flags: C: Unalfected
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: INI @Rdl, @Rs, r
INIB @Rd!, @Rs, r 0011101|w|Rs = 0[100S 21 0011101[W[Rewo]100s| | o
SINI @Rd!, @Rs, r 0000] r [ra<o0l1000 0000] r [ra=o0[1000
SINIB @Rd!, @Rs, r
Example: In nonsegmented mode, if register R4 contains %4000, register R6 contains the I/O

port address %0229, the port %0229 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 %60229. 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 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
systém 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. When using a Z8001, the operation of IRET in nonsegmented mode
is undefined. A Z8001 must be in segmented mode when an IRET instruction is
performed.
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 [o1111011 To0000000] 13 [o1111011 | 00000000 | 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 %7F03, 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.

61



JP

Jump
JP cc, dst dst: IR, DA, X
Operation: If cc is satisfied, then PC < dst
A conditional jump transfers program control to the destination address if the
condition specified by “cc” is satisfied by the flags in the FCW. See list of condi-
tion 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: No flags affected
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Languag
Mode Syntax Instruction Format Cycles? Instruction Format Cycles?
IR: IP ce, @Rd! loolo11110]Raso| e | | 1077 loojo11110]Rax0] cc || 1517
DA: JP cc, address 01{011110 [0000] ec 01/ 0111100000 cc
nr Ss 8/8
address ol segment offset
01{ 011110 0000 cc
SL 1| segment (0000 0000/|| 10/10
offset
X: JP cc, addr(Rd) .
01/011110] Rd»0 | ec ol ssoﬂonno Rd=0 | ecc 1m
address 0[ segment offset
01/ 011110 Rd=0] cc
SL[1]| segment |0000 0000|| 1111
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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JR

Jump Relative

Operation:

Flags:

JR cc, dst dst: RA

if cc is satisfied then PC - PC + (2 x displacement)

A conditional jump transfers program control to the destination addres: if the condi-
tion specified by “cc” is satisfied by the flags in the FCW. See 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 value is taken to be the address of the instruc-
tion byte following the JR instruction, while the displacement is an 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 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.

No flags affected

Destination
Addressing
Mode

Nonsegmented Mode Segmented Mode

Assembler Language
Syntax Instruction Format Cycles Instruction Format Cycles

RA:

JR cc, address [1 110 l cc I displacement I 6 |1 110 I cc { displacementJ 6

Example:

If the result of the last arithmetic operation executed is negative, the following four
instructions (which occupy a total of twelve bytes) are to be skipped. This can be
accomplished with the instruction

JR ML $ +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 LAB is

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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LD
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: No flags affected

Load Register

Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: II:glanngSRbs Jro]10000fw] ms | ra | 3 [ro[10000fw] ms T ma ]| 3
LDL RRd, RRs [10]010100] mRs | ARa | 5 [10lo10100] mRs | RRa || 5
IR: thﬂgij,R;Rsl ool1oooo[w|Rsso| ra | 7 fooficocolwimrs<o] ra || 7
LDL RRd, @Rs! [oo] 010100 Rs=0] RRa | 1" loo] 010100 Rs<0] Rra || 11
DA: tg;ggfi;e;:ess o1[10000[w|0000] Rd o lss 01/10000]w[oo0o] Rd 10
address 0 segment offset

01]10000{w]o000] ra

sL 1J segment | 0000 0000 12
offset
'LDL RRd, address 01] 010100 [0000] RRd 01{ 010100 [0000] RRd
12 Ss 13
address OJ segment offset

01/ 010100 [0000{ ARd
sL 11 segment | 0000 0000 15

offset

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

Load Register (Continued)

Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
X: LD Rd, addr(Rs)
g 01/10000|W| Rs=0 | R Rd
LDB Rbd, addr(Rs) 000[w] As<o | 10 | ssfel1eo00lw]rs<o] 10
address 0| segment offset
a1[10000w|Rs=0] Ad
SL|[1] segment [ 0000 0000 13
offset
LDL RRd, addr(Rs) 01010100 [Rs=0] ARg 01[ 010100 [Rs<0] ARa
13 SS 13
address Ol segment offset
01] 010100 [Rs«0| RRd
SL 1] segment | 00000000 16
offset
BA: LD Rd, Rs!(#disp) .
. w Rd
LDB Rb. Ral (isp) oo[11000[W[Rs=0] Ra 1 00{11000|w|Rs=0] 14
displacement displacement
LDL RRd, Rs!(#di
L s!(#disp) 00[ 110101 | Rs+0| Rd - 00110101 [Rs=0] Ra 17
displacement displacement
BX: LD Rd, Rs!(Rx)
LDB Ry, Rel(R) 01]11000{w| Rs=0| Rd 14 o1[11000]w] s<o] nd .
0000[ Rx f0000 0000 0000] Rx [0000 0000
LDL RRd, Rs!(R
s!(Rx) 01]11010[1]Rs=0] rd 1 o1[11010[1]Rs-0] Ra .
0000 Ax [0000 0000 0000] Ax |o0000 0000
Load Memory
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
IR: LD @Rd!, Rs 00(10111|W[Rd # 0| Rs 00(10111|W|Rd = 0 Rs 8
e [oofrorit[wlrazo ms | [ 8 [oofrort1[wlra-of &s ]
LDL @Rd!, RRs [00[ 011101 [Rd = 0] mhs | 1 fooJo11101 [ma+ o] ARs || 11

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

Load Memory (Continued)

Destination
Addressing

Assembler Language

Nonsegmented Mode

Segmented Mode

Mode Syntax Instruction Format Cycles Instruction Format Cycles
DA:. LD address, Rs lo1l10111[w|o0000] R
LDB address, Rbs o1frorri]wfoooo] s n fssfel [ T |
address Er segment offse?
Jfor]ro111[wloooe] rs
SL 1[ segment | 0000 0000 14
offset
DA: LDL address, RRs
. 011101
01[011101Jo000] ARs 1w |ss 01] 03 0000| RRs 15
address 0] segment offset
01]011101 |0000| ARs
sL 1] segment | 0000 0000 17
offset
X: LD addr(Rd), Rs
: w w
LDB addc(Rd), Rbs o1[10111{w[Rd=0| rs 2 |ss o11o111[w[ravo| ms 12
address 0[ segment offset
0|_I101|1TW Rd:OJ Rs
SL|1] segment | 00000000 15
oftset
LDR .
addr(Rd), RRs 01 011101 Rd=0 ] RnRs s |ss 01]011101 [Rd=0] RRs 15
address Ol segment offset
01[ 011101 [Ra=0] mRs
SL 1[ segment | 0000 0000 18
oftset
BA: tg;g;(f(dgp) R;ib foo]11001[w]nazo] s 1a 00{11001|w|Rd=0| Rs 18
#disp). }s displacement displacement
LDL Rdl(#disp), RRs
1sp 00[110111 | Rd+0| RRs . 00[110111 [ Rd=0][ RRs 17
displacement displacement
BX: LD Rd!(Rx), Rs -
. 111001
LDB R\, Rbs 011 w|Rdso| ms 1 mlnooﬂw nu:ol Rs 18
0000] Rx [00000000 0000] Rx | 00000000
LDL Rd!(Rx), RRs 01]110111 ] Rd=0] RRs 1 01] 110111 | Rd+0 | RRs 1
0000] Rx [00000000 0000] Ax 00000000

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

Load

Load Immediate Value

Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: LD Rd, fdata 00[ 1000010000 Rd ; 00[ 100001 [0000| Rd 7
data data
LDB Rbd, #data2 00 100000 [0000] Rd . ool 100000 [0000[ Re ;
data data data data
[t1o0] Ra | asta | 5 [1100] Ra |  aata ]| 5
LDL RRd, fdata 00[ 010100 [0000] AR 00[ 010100 J0000 | ARd
31 data (high) 16 1" 3 data (high) 16 1"
15 data (low) 0 15 data (low) [
IR: LD @Rd!, #data
, 00/001101 |Rd+0/0101 00( 001101 [Rd=0[0101
l ] * l 11 L L *—l 1
data data
LDB @Rd!, fdata 00[001100 [Rd+0[0101 “ 00[001100 [Rd=0[0101 "
data data data data
DA: LD address, fdata 01]oo1101Jo000fo101 01[ 001101 [0000[0101
address 14 SS OJ segment offset 15
data data
01/ 001101 [0000[0101
sL 1] segment |0000 0000 17
offset
data
LDB address, #data 01] 001100 0c00fo101 01| 00ot1100{0000f0101
address 14 SS|o| segment oftset 15
data T data data data
01]001100[0000]0101
sL 1| segment (0000 0000 17
offset
data 1 data

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

Note 2: Although two formats exist for "LDB R, IM”, the assembler always uses the short format. In this case, the
“src field” in the instruction lormat encoding contains the source operand.
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LD
Load

Load Immediate Value (Continued)

Destination
Addressing

Assembler Language

Nonsegmented Mode

Segmented Mode

Mode Syntax Instruction Format Cycles Instruction Format Cycles
X: LD addr(Rd), #data 01[ 001101 | Rd=0]0101 01[001101 | Rd=0]0101
address 15 SS OT segment offset 15
data data
01{001101 Rd=0{0101
s 1] segment [0000 0000 18
offset
data
LDB addr(Rd), #data 01[00i100 | Rd-0[0101 01001100 Rdtﬂ0101
address 15 | ss|o] segment offset 15
data l data data data
01{001100[Ra=0[o101
oL 1] segment [0000 0000 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

LDA dst, src dst: R
src: DA, X, BA, BX

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 reserved bits.
Flags: No flags affected
Source Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
DA: LDA Rd!, address 01/110110[0000] Ra 01110110 [0000] RRd
12 Ss 13
address ol segment offset
o1[110110[0000] RRg
SL|1] segment J0000 0000 15
N offset
X: LDA Rd!, addr(Rs)
’ o| Rd 01110110 | Rs=0| RRd
01]110110 ] Rs» 1 lss ] s=0] : .3
address 0] segment offset
01/ 110110 | Rs=0 | RRd
SL 1, segment [0000 0000 16
offset
BA: _ LDA Rdl, Rs! (#disp) 00110100 [Rs=0] Ra 00110100 | Rs=0| Rd s
displacement 15 displacement
BX: LDA Rd. Rs! (Rx) 01110100 ““°l Rd 15 01110100 ns:o[ Rd e
0000] Ax [0000 0000 0000 Rx [0000 0000
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LDA
Load Address

Examples: LDA R4,STRUCT lin nonsegmented mode, register R4 is loaded!
Iwith the nonsegmented address of the location!
'named STRUCT!

LDA RR2, <<3>> 8(R4) lin segmented mode, if index register R4!
!contains %20, then register RR2 is-loaded!
lwith the segmented address (<< 3>>, offset %28)!
LDA RR2,RR4(#8) lin segmented mode, if base register RR4!
Icontains %01000020, then register RR2 is loaded!
Iwith the segment address << 1 >> %28!
I(segment 1, offset %28)!

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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LDAR
Load Address Relative

Operation:

Flags:

LDAR dst, src dst: R
src: RA

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 displacement in 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
LDAR instruction, while the displacement is 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.

No flags affected

Source
Addressing
Mode

Assembler Language

Nonsegmented Mode Segmented Mode

Syntax Instruction Format Cycles Instruction Format Cycles

RA:

LDAR Rd!, address

00110100 LOOOOI Rd 15 00110100'0000 Rd

displacement displacement

15

Example:

LDAR R2, TABLE lin nonsegmented mode, register R2 is loaded!
lwith the address of TABLE!

LDAR RR4, TABLE lin segmented mode, register pair RR4 is!
!loaded with the segmented address of TABLE,!
Iwhich 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

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 purpose register into a control
register, or loads the contents of a control register into a general-purpose register.
The control register may be one of 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 described first, followed by the variants
which load data from a control register into a general purpose register. Whenever
bits are marked reserved, the corresponding bit in the source register must be either
0 or the value returned by a previous load from the same control register. For com-
patibility with future CPUs, programs should not assume that memory copies of con-
trol registers contain Os, nor should they store data in reserved fields of memory
copies of control registers.

Load Into Control Register
LDCTL FCW, Rs

Operation: FCW (2:7) - Rs (2:7)
FCW (11:15) = Rs (11:15)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Lmu T

FCW: [secsiNeeal vi[n clz[slpvo]n]

reserved

LDCTL REFRESH, Rs

Operation: REFRESH (1:15) - Rs (1:15)
Rs:
REFRESH:

15!413121‘10987654 32 10

Tl EERREERERTET]

rate counter
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Privileged LDCTL

Load Control

Operation:

Operation:

Operation:

LDCTL NSPSEG, Rs
NSPSEG (0:15) «- Rs (0:15)

Nmmummmul

In segmented mode, the NSPSEG register is the normal mode 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

NSPOFF (0:15) -- Rs (0:15)

w 1771 Mﬂwﬂj

*NSP in nonsegmented mode

In segmented mode, the NSPOFF register 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 28002, the mnemonic “NSP" should be used in the assembly
language statement, and indicates the same control register as the mnemonic
“"NSPOFF”

LDCTL PSAPSEG, Rs

PSAPSEG (8:14) -- Rs (8:14)

1 14 13 12 1110 9 8 7 6 5 4 3 2 1 O

Rs: [

PSAPSEG: [ _seomentnumber |

t reserved

The PSAPSEG register may not be used in the nonsegmented Z8002. In the
segmented Z8001, care must be exercised when changing the two PSAP register
values so that an interrupt occurring between the changing of PSAPSEG and
PSAPOFF is handled correctly. This is typically accomplished by first disabling
interrupts before changing PSAPSEG and PSAPOFF.
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LDCTL

Privileged

Load Control

Operation:

*PSAPOFF: L offset (upper byte)

Operation:

Operation:

LDCTL PSAPOFF, Rs
PSAP, Rs

PSAPOFF (8:15) «- Rs (8:15)

15 14 13 12 11 10 9 8

“ITTITIT

*PSAP in nonsegmented mode

In the nonsegmented 28002, 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 changing of
PSAPSEG and PSAPOFF is handled correctly. This is typically accomplished by first
disabling interrupts before changing PSAPSEG and PSAPOFF. The low order byte
of PSAPOFF should be 0.

Load From Control Register
LDCTL Rd, FCW

Rd (2:7) - FCW (2:7)

Rd (11:15) < FCW (11:15) (Z800! only)
Rd (11:14) < FCW (11:14) (Z8002 only)
Rd (0:1) <= UNDEFINED

Rd (8:10) <= UNDEFINED

Rd (15) < 0 (Z8002 only)

15 14 13 12 11 10 9 8
FCW: [SEGISINIEPAIVI [Nv

#HH
Rd: [ | |

LDCTL Rd, REFRESH

Rd (1:8) <= REFRESH (1:8)
Rd (0) <= UNDEFINED
Rd (9:15) < UNDEFINED

\51‘131211109 8 7 6 5 4 3 2 1 0
REFRESH: | re | rate counter

tHTHH
T
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Privileged LDCTL

Load Control

LDCTL Rd, PSAPSEG

Operation: Rd (8:14) < PSAPSEG (8:14)
Rd (0:7) <= UNDEFINED
Rd (15) <= UNDEFINED

15 14 13 12 11 10 9

PSAPSEG: [[]  segment number
TEEER

Rd:[ ] |
1

Al 1

This instruction may not be used in the nonsegmented version.

LDCTL Rd, PSAPOFF
Rd, PSAP

Operation: Rd (8:15) - PSAPOFF (8:15)
Rd (0:7) <= UNDEFINED

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
*PSAPOFF: l olfset (upper byte)

T

R

undefined J

*PSAP in nonsegmented mode

In nonsegmented mode, the mnemonic PSAP should be used in the assembly

language statement, and it indicates the same control register as the mnemonic
PSAPOFF.

LDCTL Rd, NSPSEG

Operation: Rd (0:15) «- NSPSEG (0:15)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NspseG: [ . . . ]
IREEEERRREREREN
Rd:I_AJ,\,‘*L,,,,,,‘|

This instruction is not available in nonsegmented mode.
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LDCTL

Load Control

Privileged

LDCTL Rd, NSPOFF
Rd, NSP

Operation: Rd (0:15) «- NSPOFF (0:15)
15 14 13 12 11 10 9 8 7- 6 5 4 3 2 10
NSPOFF:| |, . ]
Rd: I L 1 Il 1 L I I Il i el il L 1 L I
*NSP in nonsegmented mode
In nonsegmented mode, the mnemonic NSP should be used in the assembly
language statement, and it indicates the same control register as the mnermonic
NSPOEF.
Flags: No flags 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  FCW, Rs Jot111101] rs [1010] 7 Jot111101 ] s [1010] 7
LDCTL REFRESH, Rs [or111909] 8s [1011] 7 {o1111101[ e [1011] 7
LDCTL PSAPSEG, Rs for111101 | rs [1100] 7
LDCTL PSAPOFF, Rs
PEAD. e [o1111101] Rs [1101] 7 Jori11101] ms J1101] 7
LDCTL NSPSEG, Rs 01111101 Rs |1110] 7
LDCTL NSPOFF, Rs
NSP, Rs [o1111101 ] Rs 1111} 7 fot111101] e [1111] 7
" Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format . Cycles Instruction Format Cycles
LDCTL Rd, FCW [o1111101] Rd [0010] 7 [o1111101 [-Ra [0010] 7
LDCTL Rd, REFRESH [o1111101 | ra [o0011] 7 [o1111101 ] ra [o011] 7
LDCTL Rd, PSAPSEG o711 11701 ] ~a Joto0] | 7
LDCTL Rd, PSAPOFF
LDCTL Ry, PSAP Jo1111101] ra Jo101) 7 [o1111101] Ra Jo101] 7
LDCTL Rd, NSPSEG
[o1111101 ] Rra [0110] 7
LDCTL Rd, NSPOFF [o1111101] Ra [o111] 7 fo1r11101 | Ra o111} 7

Rd, NSP
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LDCTLB

Load Control Byte

Operation:

LDCTLB dst, src dst: FLAGS
src: R
or
dst: R
src: FLAGS
dst «- src

This instruction is used to load the FLAGS register 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 FLAGS register. The
lower two bits of the FLAGS register and the entire source register are unaffected.

5 4 3 2 1 0
]

Rbs:

——
vy

TTT

]
reserved

FLAGS:

Load From FLAGS Register

Flags:

LDCTLB Rbd, FLAGS

dst (2:7) -- FLAGS (2:7)
dst (0:1) «- O

The contents of the upper six bits of the FLAGS register are loaded into the destina-
tion (a byte register). The lower two bits of the destination register are cleared to
zero. The FLAGS register is unaffected.

1.0
FLAGS:

7 6 5 4 3 2
[c]z]spvlo]x]

Rbd: L Too]

When the FLAGS register is the destination, all the flags are loaded from the
source. When the FLAGS register is the source, none of the flags are affected.
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LDCTLB

Load Control Byte

Assembler Language

Nonsegmented Mode

Segmented Mode

Syntax Instruction Format Cycles Instruction Format Cycles
LDCTLB FLAGS. Rbs | [5501100 | rs ]1001] 7 | 10001100 | Rrs [1001] 7
LDCTLB Rbd, FLAGS | 74001100 ] Ra |0001] 7 [ 10001100 ] Rd [0001] 7
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LDD

Load and Decrement

LDD dst, src, r dst: IR
LDDB src: IR
Operation: dst < src
AUTODECREMENT dst and src (by 1 if byte, by 2 if word)
rer-1
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 LDDB, or by two if LDD, thus moving the pointers to the previous elements in
the strings. The source destination, and counter registers must be separate and non-
overlapping registers. 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!, r
LDDB &Rel, @RA! + 1011101 |wW[Rs = 0| 1001 2 1011101|w|Rs = 0[ 1001 2
0000] r [rd=0[1000 0000] ¢ [Ra=0[1000
Example: In nonsegmented mode, if register R1 contains %202A, register R2 contains %404A,

the word at location %404A contains %FFFF, and register R3 contains 5,
the instruction

LDD @R1, @R2, R3
will leave the value %FFFF at location %202A, the value %2028 in Rl, 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 R1 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
AUTODECREMENT dst and src (by 1 if byte, by 2 xf word)
rer-1
repeat untilr = 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. The entire operation is repeated until the result of decremen-
ting r is zero. The source, destination, and counter registers must be separate and
non-overlapping registers. 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 LDDR).
The effect of decrementing the pointers during the transfer is important if the source
and destination strings overlap with the.source string 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 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: Unaffected
Z: Undefined
S: Unaffected
V: Set
D: Unatfected
H: Unaffected

Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles? Instruction Format Cycles?
IR: @Rd!, @Rs!
tggnggdl,g;s'I,rr 1011101[w| Rs [1001 1+9n 1011101|w| Rs [1001 11+9n
0000 r | ma [0000 o000] | Rma [0000
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LDDR

Load., Decrement and Repeat

Example:

In nonsegmented mode, if register R1 contains %202A, register R2 contains %404A,
the words at locations. %4040 through %404A all contain %FFFF, and register R3
contains 6, the instruction

LDDR @Rl, @R2, R3 .
will leave the value %FFFF in the words at locations %2020 through %202A, the
value %201E in Rl, the value %403E in R2, and 0 in R3. The V flag will be set. In
segmented mode, register pairs would be used instead of R1 and R2.

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
Note 2: n = number of data elements transferred.
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LDI

Load and Increment

LDI dst, src, r ] dst: IR
LDIB src: IR
Operation: dst <+ src
AUTOINCREMENT dst and src (by 1 if byte, by 2 if word)
rer -1
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 source, destination, and counter registers must be separate and non-
overlapping registers. 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[Re = 0[0001 1011101|W[Ra = 0{0001
LDIB @Rd!, @Rs!, r 0000] ¢ [rda=0]1000 2 oooo[ r |Rd=0{1000 20
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 R1 and R2.

LD R3 #80 linitialize counter!

LDA R1, DSTBUF lload start addresses!

LDA R2, SRCBUF
LOOP:

CPB @R2, #%0D Icheck for return character!

JR EQ, DONE lexit loop if found!

LDIB @R], @R2, R3 Itransfer next byte!

JR NOV, LOOP Irepeat until counter = 0!
DONE:

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

82



LDIR

Load. Increment and Repeat

Operation:

Flags:

T

LDIR dst, src, r dst: IR
LDIRB src: IR

dst <+ src

AUTOINCREMENT dst and src (by 1 if byte; by two if word)
rer -1

repeat untii 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 decrementing r is zero.
The source, destination, and counter registers must be separate and non-overlapping
registers. 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 source string 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 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.

C: Unaffected
Z: Undefined
S: Unaffected
V: Set

D: Unaffected
H: Unaffected

Addressing
Mode

Assembler Language

Nonsegmented Mode Segmented Mode

Syntax Instruction Format Cycles? Instruction Format Cycles?

IR:

LDIR @Rd!, @Rs!, r 0
LDIRB @Rd!, @Rs!, r 1011101Jw Re 2 0/ 0001 1011101rw Rs 2 0/0001

114+9n

- 11+9n
oooo] r |Rd=0[{0000 oono[ r |Rd#0{0000
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LDIR

Load. Increment and Repeat

Example: The following sequence of instructions can be used in nonsegmented mode to copy a
buffer of 512 words (1024 bytes) from one area to another. The pointers to the start of
the source and destination are set, the number of words to transfer is set, and then
the transfer takes place.

LDA Rl, DSTBUF
LDA R2, SRCBUF
LD R3, #512
LDIR @Rl, @R2, R3

In segmented mode, R1 and R2 must be replaced by register pairs.

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
Note 2: n = number of 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 operand is a value from 0 to 15. It is loaded into the

four low-order bits of the destination register, while the high-order 12 bits are

cleared to zero.

Flags: No flags affected
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: LDK Rd, #data frol111101] Rd | daa | 5 1ol 111101] Rd [ dana | 5
Example: To load register R3 with the constant 9:

LDK R3,#9
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LDM

Load Multiple

LDM dst, src, n dst: R

src: IR, DA, X

or

dst: IR, DA, X
R

src:

Operation: dst < src(n words)
The contents of n source words are loaded into the destination. The contents of the
source are not affected. The value of n lies between 1 and 16, inclusive. This instruc-
tion moves information between memory and registers; registers are accessed in
increasing order starting 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 subroutine exit).
The instruction encoding contains values from O to 15 in the “num” field correspond-
ing to values of 1 to 16 for n, the number of registers to be loaded or saved.
The starting address is computed once at 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 memory will not
affect the address used by this 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 0001 00[ 011100 | Rsx0|0001
11+3n 11+3n
0000] Ra [0000] num 0000] Rd [0000 [ num
DA: LDM Rd, address, #n 01011100 0000|0001 01]011100]0000[0001
0000 Rd | 0000 num | [14+3n|SS[0000] Ra [0000| num || 15+3n
address OJ segment oftset
01] 011100 |0000]0001
st 0000] ra [o000] num 17+3n
1] segment [0000 0000
offset
X: LDM Rd, addr(Rs). fn 01011100 [Rs=0[0001 01] 011100 Rs=0 [0001
0000| Rd [0000] num | {15+3n|SS[0000] a¢ [0000| num || 15+3n
address (i segment offset
01011100 [Rs=0]0001
st 0000 Rd [0000] mum 18+3n
1] segment | 0000 0000
offset

86



LDM
Load Multiple

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, fn 00/ 011100 [ Ra=0 1001 00[ 011100 {Rd=0{1001
11+3n 11+3n
0000] ns [0000] num 0000[ ms [0000] num.
DA: LDM address, Rs, #n 01[011100 [0000]1001 01/011100{0000[1001
0000 Rs J0000| num 14+3n|sS[0000] Rs. [0000] num |[15+3n
address 0[ segment offset
01/011100|0000]1001
0000| Rs [0000
sL | e ™ {117 +3n
1] segment 10000 0000
oftset
X: LDM addr(Rd). Rs, #n 01]011100 | Rd=0 1001 01)011100|Rd-0]1001
OODOT Rs | 0000 (| num 15+3n({SS 0000’ Rs (0000 num 15+3n
address OT segment oftset
S
01011100 |Ra=0]1001
0000| Rs (0000
sL | & “7 18 4+3n
1{ segment {0000 0000
ollset
Example: In nonsegmented mode, if register RS contains 5, R6 contains %0100, and R7 con-

tains 7, the statement
LDM @Ré, RS, #3 -
will leave the values 5, %0100, and 7 at word locations %0100, %0102, and %0104,

respectively, and none of the registers will be affected. In segmented mode, a
register pair would be used instead of R6.

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

Note 2: n = .number of registers.
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LDPS

Privileged

Load Program Status

Operation:

Flags:

LDPS src src: IR, DA, X

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 affected.

This instruction is used to set the Program Status of a program and is 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
number is 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) and is illustrated in the
following figure:

NONSEGMENTED LOW ADDRESS SEGMENTED

FCcw

PC FCW

PC SEG. NO.

HIGH ADDRESS PC OFFSET

(shaded area is reserved—must be zero)

All flags are loaded from the source operand.

Source
Addressing
Mode

Assembler Language

Nonsegmented Mode Segmented Mode

Syntax Instruction Format Cycles Instruction Format Cycles

IR:

DA:

LDPS @Rs!

LDPS address

LDPS addr(Rs)

Jool 111001 ] rs=0]0000] 12 Joof 111001 [ Rs=0]0000]| 16

01{111061[0000[0000

01(111001}0000{0000
© |sslol o
address 0 ] segment offset

(7]

20

01]111001 oooohooo
SL 1] segment (0000 0000 22

oftset

01 1‘!001IRS=0L0000 17 Ss01||110b1 RS*OIOOOO

20
address ] l segment offset

01111001 Rs=0 0000
SL 1] segment (0000 0000 23

offset
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Privileged LDPS

Load Program Status

Example:

In the nonsegmented Z8002 version, if the program counter contains %2550, register
R3 contains %5000, location %5000 contains %1800, and location %5002 contains
%A000, the instruction

LDPS @R3
will leave the value % A000 in the program counter, and the FCW value will be
%1800 (indicating Normal Mode, interrupts enabled, and all flags cleared.) In the
segmented mode, a register pair is used instead of R3. Note: Word register is used
in nonsegmented mode, register pair in segmented mode.
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LDR

Load Relative

Operation:

Flags:

LDR dst, src dst: R
LDRB src: RA
LDRL or
dst: RA
src: R
dst <« src

The contents of the source operand are loaded into the destination. The contents of
the source are not affected. The relative address is calculated by adding the
displacement in the instruction to the updated value of the program counter (PC)

to derive the operand's address. In segmented mode, the segmented number of the
computed address is the same as the segment number of the PC. The updated PC
value is taken to be the address of the instruction byte following the LDR, LDRB, or
LDRL instruction, while the displacement is’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 modify memory locations containing program infor-
mation, such as the Program Status Area, if program and data space are allocated to
different segments.

No flags 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] R 0011000[{w|0000[ Re
LDRB Rbd, address 14 14
displacement displacement
LDRL RRd, address 00110101 l°°°°l Rd 00110101_looool Rd
17 17
displacement displacement
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LDR

Load Relative

Load Relative Memory

Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
RA: LDR address, Rs Py
LDRB adirmss, Rbs 0011001|w|oooo] &s 1 0011001]|w[oooo| Rrs 1
- displacement displacement
LDRL address, RRs 00110111 [0000] s 17 00110111 [0000] Rs 17
displacement displacement
Example: LDR R2, DATA Iregister R2 is loaded with the value in the!

Nocation named DATA!
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MBIT Privileged

Multi-Micro Bit Test

MBIT

Operation: S &~ 1 if MI high (inactive); O 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 flaqg 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.

Flags: C: Unaffected
Z: Undefined
S: Set if MI is high; cleared otherwise
V: Unaffected
D: Unaffected
H: Unaffected
. Nonsegmented Mode Segmented Mode
Assembler Language
Syntax - Instruction Format Cycles Instruction Format Cycles
MBIT | o111101100001010 | 7 | o111101100001010 ] 7
Example: The following sequence of instructions can be used to wait for the availability of a
resource.
LOOP:
MBIT Itest multi-micro input!
JR  PL,LOOCP Irepeat until resource is available!
AVAILABLE:
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Privileged MREQ

Multi-Micro Request

Operation:

Flags:

MREQ dst dst: R

if MI low (active) then S - 0
MO forced high (inactive)
else MO forced low (active)
repeat dst < dst — 1 untildst = 0
if MI low (active) then S < 1
else S« 0
MO forced high (inactive)

Z<1

This instruction is used to synchronize multiple processors’ exclusive access to
shared hardware resources. A request for 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 MREQ 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
MO line.

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 S flag is set to one, indicating that
the resource is available and access is granted. If the MI pin is still high (inactive),
the S flag is cleared to zero, and the MO pin is 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 Zflag - MO Indicates
0 0 high Request not signalled
(resource not available)
0 1 high Request not granted
(resource not available)
1 1 low Request granted

(resource available)

C: Unaffected

Z: Set if request was signalled; cleared otherwise

S: Set if request was signalled and granted; cleared otherwise
V: Unaffected

Unaffected

Unaffected
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MREQ

Multi-Micro Request

Privileged

Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles! Instruction Format Cycles!
R: MREQ Rd lor] 111011 ra [1101] [1247n| Jo1[ 111011 e [1101] [1247n
Example: TRY:
LD RO, #50 lallow for propagation delay!
MREQ RO Imulti-micro request with delay!
. lin register RO!
JR MI,AVAILABLE
JR Z,NOT_GRANTED
NOT__AVAILABLE: Iresource not available!
NOT_GRANTED: Irequest not granted!
JR TRY Itry again after awhile!
AVAILABLE: . luse resource!
MRES Irelease resource!
Note 1: If the request is made, n = number of times the destination is decremented. If the request is not made,

n=0.
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Privileged MRES

Multi-Micro Reset

MRES

Operation: MO is forced high (inactive)
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 CPU is
available for use by other processors.
Flags: No flags affected.
Nonsegmented Mode Segmented Mode
Assembler Language
Syntax Instruction Format Cycles Instruction Format Cycles
MRES [ 01111011 [ 00001001 | 5 lo1111011 | 00001001 | 5
Example: MRES Isignal that resource controlled by this CPU!

lis available to other processors!
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MSET

Multi-Micro Set

Privileged

MSET

Operation: MO is forced low (active)

This instruction is used to synchronize multiple processors’ exclusive access to

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
CPU is not available to other processors, or to signal a request for a resource con-
trolled by some other processor.

Flags: No flags affected.
Nonsegmented Mode Segmented Mode
Assembler Language
Syntax Instruction Format Cycles Instruction Format Cycles
MSET [ 01111011 | 00001000 | 5 [o1111011 [ 00001000 ] 5
Example: MSET ICPU controlled resource not available!
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MULT
Multiply

Operation:

Flags:

MULT dst, src dst: R

MULTL src: R, IM, IR, DA, X
Word '

dst (0:31) <= dst (0:15) x src (0:15)

Long

dst (0:63) < dst (0:31) x src (0:31)

The low-order half of the destination operand (multiplicand) is multiplied by the
source operand (multiplier) and the product is 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 MULTL is 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 upper half 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.

sre Word Long Word

NS SS SL NS SS SL
R 70 70 70 282+7'n 282+7°n 282+7°n
M 70 70 70 282+7°n 282+7°n 282+7°n
IR 70 70 70 282+7'n 282+7°n 282+7°n
DA 71 72 74 283+7°n 284+7'n 286+7°n
X 72 72 75 284+7°n 284+7°'n 287+7°n

(n =number of bits equal to one in the absolute value of the low-order table 32 bits of the destination operand)

When the multiplier is zero, the execution time of Multiply is reduced to the following times:

src 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

C: MULT—set if product is less than -23! or greater than or equal to 2!5; ¢leared
otherwise; MULTL—set if product is less than 23! or greater than or equal to 23!;
cleared otherwise
Set if the result is zero; cleared otherwise
Set if the result is negative; cleared otherwise -
V: Cleared
D: Unaffected
: Unaffected
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MULT

Multiply

Source Nonsegmented Mode Segmented Mode
Addressing |- Assembler Language
Mode Syntax Instruction Format Cycles? Instruction Format Cycles?
R: MULT RRd, Rs [1olo11001] re | Ra ] [1ofo11001] ms | na |
MULTL RQd, RRs [1o]o11000] rs | ra ] [1ofo11000] s T na |
IM: MULT RRd, fdata 00[ 011001 0000| Rd 00{ 011001 [0000] Rd
data data
MULTL RQd, #data 00/ 011000 [0000| Rd 00/ 011000 [0000] Rd
31 data (high) 16 3 data (high) 16
15 data (low) ) 15 data (low) 0
IR: MULT RAd, &Rs! looJo11001 [ Rs+0] Ra | [oo[011001 [Rs=0] na ]
MULTL RQd, @Fs! [ooo11000 ] Rs20| ra | [oo[011000 [ Rs<0] Ra |
DA: MULT RRd, address 01/011001[0000| Rd ss 01/ 011001 0000] Ra
address ol segment oftset
01/ 011001 0000] Rd
SL[1] segment {0000 0000
offset
MULTL RQd, address 01]011000|0000] e ss 01]011000 [0000]| Ra
address OJ segment offset
01011000 0000 Rd
SL 1] segment | 0000 0000
offset
X: MULT RRd, addr(Rs) 01011001 | Rez0| Ra ss 01/011001 | Rs«0| Rd
address ol segment offset
01/011001 | Rs=0| Rd
SL|1| segment {0000 0000
offset
MULTL RQd, addr(Rs) 01 onooﬂns:ol Rd s 01/011000 Rszol Rd
address s o[ segment offset
01/ 011000 | Rsz0| Rd
sL|1] segment {0000 0000
offset

98



MULT
Multiply

Example:

1f register RQO (composed of register pairs RRO and RR2) contains
%2222222200000031 (RR2 contains decimal 49), the statement

MULTL RQO,#10
will leave the value %00000000000001EA (decimal 490) in RQO.

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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NEG

Negate

DA, X

NEG dst dst: R, IR,
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 NEGB are 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 if thé 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: Unaffected
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
R: NEG Rd
NEGB Rbd froloo110[w[ Ra Joo10] 7 f10Joo110[w] Ra Joo1o 7
IR: NEG @Rd!
NEGB eRd! looloo110[w|Raz0]0010] | 12 JooJoo110[w[Ra=0[0010][ 12
DA: NEG address o1loo110{w|oo00]0010 o1foa110/w[0000]0010
NEGB address 15 SS 16
address oi segment offset
o1]oo110/w[o000]0010
SL[1] segment [0000 0000 18
offset
X: NEG addr(Rd) -
NEGB addr(Rd) 01/00110[w|Rd=0]0010 © |ss 01]oo110/w|Ra=0[0010 "
address OJ segment offset
01]oo110{w| Rd=0]0010
SL 1[ segment (0000 0000 19
oftset
Example: If register R8 contains %0S1F, 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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NOP

No Operation

Operation:

Flags:

NOP

No operation is performed.

No flags affected

Assembler Language
Syntax

Nonsegmented Mode

Segmented Mode

Instruction Format

Cycles

Instruction Format

Cycles

NOP

[10001101 [ 00000111 ]

[ 10001101 ] 00000111}
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OR
Or

dst: R

OR dst, src
ORB src: R, IM, IR, DA, X
Operation: dst < dst OR src
The source operand is logically ORed with the destination operand and the result is
stored in the destination. The contents of the source are not affected. The OR opera-
" tion results in a one bit being stored whenever either of the corresponding bits in the
two operands is one; 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: OR—unaffected; ORB—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: ggeRg'bgsts [1ofooo10[w] s | ma | 4 [1oJocotojw| rs | ra || 4
IM: OR Rd, fdata 00[0001010000] Rd 7 00[000101]0000] Ra >
data data
ORB Rbd, fdata 00[000100[0000| Re 00[ 000100 0000 Re 7
data data 7 data data
IR: 82;§L§R;'Rs] loojoooro{w]rss0| mra | 7 looJocotro|w|rezo| ra || 7
DA: OR Rd, address
ORB Rbd. address 01]00010/w[0000] Ra o |ss o01looo10{w/oooo| e 10
address Ol segment offset
o01jooo10/w/oooo| Re
SL|1] segment |0000 0000} 12
offset
X: OR Rd, addr(Rs)
ORB Rbd. addr(Rs) o1]ooo10/w|Rs+0| Ra 10 |ss 01joco10{w|Rs+0| Rd 10
address 0| segment offset
01/o0010/w[Rss0| Ra
SL|1| segment |0000 0000 13
address
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OR
Or

Example: If register RL3 contains %C3 (11000011) and the source operand is the immediate
value %7B (01111011), the statement

ORB RL3,#%7B
will leave the value %FB (11111011) in RL3.

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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OTDR (SOTDR) Privileged

(Special), Output, Decrement and Repeat

OTDR dst, src, r dst: IR
OTDRB src: IR
SOTDR
SOTDRB

Operation: dst - src
AUTODECREMENT src (by 1 if byte, by 2 if word)
rer-1
repeat untilr = 0
This instruction is used for block output of strings of data. OTDR and OTDRB are
used for normal I/O operation; SOTDR and SOTDRB are used for special I/O opera-
tion. The contents ofthe memory location addressed by the source register are
loaded into the 1/0 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 1/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 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 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?
IR: OTDR @Rd,@Rs!, r

OTDRB @Rd,@Rs!, r

SOTDR @Rd,@Rsi, r
SOTDRB @Rd.@Rs!, r

0011101|w[Re=0l101s

11+10n

0000  |Rrda«olo000

0011101|w|Rs #0[101s

11+10n

0000 + [ra=«ofo000
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Privileged QTDR (SOTDR)

(Special), Output, Decrement and Repeat

Example: In nonsegmented mode, if register R11 contains %0FFF, register R12 contains
%B006, and R13 contains 6, the instruction
OTDR @Rl], @R12, RI3
will output the string of words from locations %B006 to %AFFC (in descending
order of address) to port %0FFF. 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.

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
Note 2: n = number of data elements transferred.
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OTIR (SOTIR) Privileged

(Special) Output. Increment and Repeat

OTIR dst, src, r dst: IR
OTIRB src: IR
SOTIR
SOTIRB
Operation: dst < src
AUTOINCREMENT src (by 1 if byte, by 2 if word)
rer-1
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 SOTIRB are used for special I/O operation.
The contents of the memory location addressed by the source register are loaded
into the /O port addressed by the destination word register. I/O port addresses are
16 bits. The source register is then incremented by one if 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 1 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 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 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
IR: OTIR @Rd, @Rs!, r
OTIRB @Rd, @Rs!, r 0011101IW Rs # 01001S 11 +10n 0011101]W Rs = 0/001S 11+10n
SOTIR @Rd, @Rs!, r 000o[ r [Ra=olo000 0000[ r [ra=oloo00
SOTIRB @Rd, @Rs!, r
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Privileged QTIR (SOTIR)

(Special) Output. Increment and Repeat

Example:

In nonsegmented mode, the following sequence of instructions can be used to output
a string of bytes to the specified I/O port. The pointers to the 1/O port and the start
of the source string are set, the number of bytes to output is set, and then the output
is accomplished.

LD R1, #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 = number of data elements transferred.
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OUT (SOUT) Privileged

(Special) Output

OUT dst, src ' dst: IR, DA
OUTB src: R
SOUT dst, 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 OUTB are used for normal I/O operation; SOUT and
SOUTB are used for special 1/O operation.
Flags: No flags affected.
Destination Nonsegmented Mode Segmented Mode
Addressing | Assembler Language
Mode Syntax Instruction Format Cycles Instruction Format Cycles
IR: OUT @Rd, Rs
OUTB @R, Rbs loor1111]wlRd o] rs | 10 [oot1111wlra«o| s | 10-
DA: OUT port, Rs
OUTB port, Rbs oo11101|w| Rs Jo11s 12 oo11101[w| Rs [o11s 12
SOUT port, Rs port port
SOUTB port, Rbs
Example: It register R6 contains %5252, the instruction

OUT %1120, R6
will output the value %5252 to the port %1120.
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Privileged QUTD (SOUTD)

(Special) Output and Decrement

OUTD dst, src, r dst: IR
OUTDB . src: IR
SOUTD
SOUTDB
Operation: dst < src
AUTODECREMENT src (by | if byte, by 2 if word)
rer-1
This instruction is used for block output of strings of data. OUTD and OUTDB are
used for normal I/O operation; SOUTD and SOUTDB are 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. 1/0O 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 the I/O port in the destination
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: OUTD @Rd, @Rs!, r
OUTDB @Ry, @Rel . ¢ 0011101|w|Rs #0[101s 2 oo11101|w|Rs+0l101s 2
SOUTD @Rd, @Rsl, r 0000] r | Rra [1000 0000[ 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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OUTI (SOUTI) Privileged'

(Special) Output and Increment

OUTI dst, src, r dst: IR
OUTIB src: IR
SOUTI
SOUTIB
Operation: dst < src
AUTOINCREMENT src (by 1 if byte, by 2 if word)
rer -1
This instruction is used for block output of strings of data. OUTI and OUTIB are
used for normal I/O operation; SOUTI and SOUTIB are 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. /O port
addresses are 16-bit. The source register is then incremented by one if a byte
instruction, or by two if a word instruction, thus moving the pointer to the next ele-
ment of 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 destination 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: OUTI @Rd, @Rsl, r
OUTIB @Rd, @R, r oo11101|w Re +0/001S 21 ool11oiw Re #0/001S 21
SOUTI @Rd, @Rs, r oood[ r |Rd+0{1000 ooool r |Rd=o0{1000

SOUTIB @Rd, @Rsl, r
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Clock Cycles

Mnemonics  Operands Addr. Word, Byte Long Word Operation
Modes NS SS SL NS ss SsL
RRDB R,src R 9 9 9 Rotate Digit Right
SBC R,src R 5 5 5 Subtract with Carry
SBCB R — R - src — carry
sC src IM 33 39 System Call
Autodecrement SP
@ SP — old PS
Push instruction
PS — System Call PS
SDA dst,R R (15 + 3a) (15 + 3n) Shift Dynamic Arithmetic
SDAB Shift dst left or right
SDAL by contents of R
SDL dst,R R (15 + 3n) (15 + 3n) Shift Dynamic Logical
SDLB Shift dst left or right
SDLL by contents of R
SET dst,b R 4 4 4 Set Bit Static
SETB IR 11 Set dst bit specified by b
DA 13 14 16
X 14 14 17
SET dst,R R 10 10 10 Set Bit Dynamic
SETB Set dst bit specified by contents of R
SETFLG flag X 7 7 7 Set Flag
(Any combination of C, Z, S, P-V;
SIN* R.src DA 12 12 12 Special Input
SINB* R — src
SIND* dst,src,R IR 2] Special Input and Decrement
SINDB* dst — src .
Autodecrement dst address
R-R -1
SINDR* dst,src,R IR (11 + 10n) Special Input, D t and Rep
SINDRB* dst — src
Autodecrement dst address
R-R-1
Repeat untilR = 0
SINI* dst,src,R IR 2] Special Input and Increment
SINIB* dst — src
Autoincrement dst address
R—-R-1
SINIR* dst,src,R IR (11 + 10n) Spocl&l Input, Increment and ﬂ.peql
SINIRB* dst — src
Autoincrement dst address
R-R-1
Repeat untilR = 0
SLA dst,n R (13 + 3n) (13 + 3n) Shift Left Arithmetic
SLAB by n bits
SLAL
SLL dst.n R (13 + 3n) (13 + 3n) Shift Left Logical
SLLB by n bits
SLLL

P

ged Instruction. E:

d in system mode only.
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Clock Cycles

M i Op d Addr. Word, Byte Long Word Operation
Modes NS SS SL NS SSs SL.
SOTDR* dst,src,R IR (11 + 10 n) Special Output, Decr. and Repeat
SOTDRB* dst — src
Autodecrement src address
R~R-1
Repeat until R = 0
SOTIR* dst,src,R R (11 + 10n) Special Output, Incr. and Repeat
SOTIRB* dst — src
Autoincrement src address
R-R -1
Repeat until R = 0
sOouT* dst,src DA 12 12 12 Special Output
SOUTB* dst — src
SOUTD* dst,src,R IR 21 Special Output and Decrement
SOUTDB* dst — src
Autodecrement src address
R-R-1
SOUTI* dst,src,R IR 21 Special Output and Increment
SOUTIB* dst — src
Autoincrement src address
R-R-1
SRA dst,n R (13 + 3n) (13 + 3n) Shift Right Arithmetic
SRAB by n bits
SRAL
SRL dst,n R (13 + 3n) (13 +3n) Shift Right Logical
SRLB by n bits
SRLL
SUB R.src R 4 4 4 8 8 8  Subtract
SUBB IM 7 7 7 14 14 14 "R ~-R -src
SUBL IR 7 14
DA 9 10 12 15 16 18
X 10 10 13 16 16 19
TCC cc,dst R 5 5 S Test Condition Code
TCCB Set LSB if cc is true
TEST dst R 7 7 7 13 13 13 Test
TESTB IR 8 13 dst OR 0
DA 11 12 14 16 17 19
X 12 12 15 17 17 20

*Privileged instructions. Executed in system mode only.
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LOWER NIBBLE (HEX), UPPER INSTRUCTION BYTE

0 1 2 3 ‘ s 8 7 8 ] A 3 c b E F
ADDD | ADD | susB | sus | ORs OR | ANDB | AND | xoms | Xxom | cPp IS See | EXTEND | EXTEND
o|R=Ir R-IR R—=IR R —IR| R—=IR R =1 R=IR R =IR R=—IR R=IR R = IR R IR | Table Table INST INST
R=IM R=IM R=IM R = IM R = IM R=IM R=IM R=m R=IM R—1IM R—=IM R=IM 1 1
CPL | PUSHL | SUBL | PUSH | LDL | POPL | ADDL | POP | MULTL | MULT | DIVL | DIV | See DL 3 CALL
| R = IR IR = IR R=IR IR — IR R— IR IR = IR R*=IR IR =IR R = IR R =R R=IR R = IR | Table IR=R PC=IR PC=IR
R=IM R—IM R—=IM R=1IM R=M|R=IM|R=IM]|R=—IM 2
DB ) RESB | RES | SETB | SET | mimB [T wmce | wc | pece | pec | oo EX LDB [T
2 R = IR R = IR R=M]JR—=MM)R=IM|R=IM|R=IM|R=IM|R=IM|IR=IM]IR=IM|IR=IM|R=IR R=IR IR=R A=A
R = IM R=IM R=R R=R R=R R—R R=R R =R
LDB w | s 1D LDA oL | RSVD | oL | msvD | tops | see See | INB N ours | our
R=BA [R—BA| BA—R |BA—R|R=BA|R=DBA BA — R R Table Table R=IR R=IR IR=R IR=R
3! 'oAs | oA | b LD LDAR | "LDAL LD 3A 3B
R—RA |R—RA| RA =R JRA =R |R=RA|R=—RA RA — R
ADDB | ADD | SUBB | SUB | ORB OR | ANDB | AND See See | EXTEND | EXTEND
R=x [A=x| R=x [AR=x | rR=x|r=x|rn=x]nr=-x Table | Table | INST | INsT
4)rR—0A |R~DA|R—DA [R—DA|R—DA|R~—DA|[R—DA R — DA 1 1
CPL | PUSHL | suBL | PusH | LDL | PoPL | ApDL | poP See LbL » CALL
E 5 R =X IR —=Xx R—X IR =X R—=X IR— X R =X IR= X Table X=R PC=X PC=X
: R=DA JIR=DA|R=DA |[IR=—DA|R=DA |IR —=DA |R —DA |IR —=DA 2 DA-R PC=DA | PC=DA
‘E’ DEC | Exp X DB b
8s X = IM | R=X R=X X=R X=R
E DA = IM|R=DA =DA DA=R DA=R
1]
2 LDB See 108 LD A 1oL LDA ot | RsvD | 1ops | HALT | See a See | RSWD | sC
E 7 R = BX Table BX — R BX —R R = BX R = BX R=X X — R PS — X Table DI Table
a 7 R = DA PS = DA 7 7
5 )
= [aoos | app | suss | sur | ors OR | awpe | AND [ xoms [ xon | ce» cP | See See | EXTEND | EXTEND
gfrR—R|rR=R ) A=A |'R=R | AR—=R | AR—=R |R=R | R=R [ R=R [ R=A [ R—=A | R =R |Table | Table | INST. | INST.
1 1
g cpL |pusHL | sust | pusu | o | porL [ apoL | pop-| mutte [ mur | bt | oiv | see [ msvo | mer | nsw
Eg R=R {m~R| A=A JR=R ] R=R|R=1W |R=R |R=1I | R=8 | R=R [ A=~ | R=~ | Table PC—(SP)
2
g
3 108 D RESB | RES | sEvB | sET mr | mnce | e | pecs | pEC | EXB EX tces | tec
A|JR=R R=R R=IM |R=IM R=1IM R—1IM R =M R=1IM R=IM R—=IM R—=IM R=R R=R R R
DAB TS | Ses See | ADCB | apc | ssca | ssc See | MSVD [ Seo | 8es [mADB | tDx | mDB | RSVD
s EXTSB | Table | Table | R—R | R=R | R=R | A —R | Table Table | Table | R R=IM ]
R EXISL ‘ « s 0 0
Los
c|r—w
CAIR )
o lrc —ra
m
g |PC —RA
DNz
¢ | osz
PC = RA
Op Code Map
Notes:

1) Reserved Instructions (RSVD) should not be
used. The result of their execution is not defined.

2) The execution of an extended instruction will
result in an Extended Instruction Trap if the EPA
bit in the FCW is a zero. If the flag is a one the
Extended Instruction will be executed by the EPU

function.
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Topical Index

Data Addressing Flags
Instruction Description Mnemonic Types Modes Affected

Arithmetic

Add with Carry ADC B.W R C.z,8V, D, H
Add . ADD B,W,L R, IM, IR, DA, X C,ZS,V, D H
Compare (Immediate) CP B, W IR, DA, X C,2,S,V
Compare (Register) CP B,W,L R, IM, IR, DA, X C,2S8V
Decimal Adjust Bit DAB B IR C,Z2S
Decrement DEC B, W R,IR, DA, X Z,S.V

Divide DIV W, L . R, IM, IR, DA, X C,ZSV
Extend Sign EXTS B.W,L R C,Z sV
Increment INC B, W R, IR, DA, X 2,8,V

Multiply MULT W, L R, IM, IR, DA, X C.Z,S, \»
Negate NEG B.W R,IR, DA, X C.Z2,sV
Subtract with Carry SBC B, W R C,2,S, V,D', H
Subtract SUB B,W,L R, IM, IR, DA, X C,z2,5V,D H
Bit Manipulation .

Bit Test BIT B, W R Z

Bit Reset (Static) RES B, W R, IR, DA, X —

Bit Reset (Dynamic) RES B, W R —

Bit Set (Static) SET B.W R, IR, DA, X —

Bit Set (Dynamic) SET B, W R —

Bit Test and Set TSET B, W R, IR, DA, X S
Block Transfer and String Manipulation

Compare and Decrement CPD B. W IR C. Z S8V
Compare, Decrement, and Repeat CPDR B. W IR C, 2,8,V
Compare and Increment CPI B. W IR C,2,S.V
Compare, Increment, and Repeat CPIR B, W IR C,2,S,V
Compare String and Decrement CPSD B, W IR C,2,SV
Compare String, Decrement, and Repeat CPSDR B, W IR G, 28V
Compare String and Increment CPSI B. W IR C, 2,8V
Compare String, Increment, and Repeat CPSIR B, W IR C,Z2,S8V

Load and Decrement LDD B, W IR \

Load, Decrement, and Repeat LDDR B, W IR v

Load and Increment LDI B, W IR v

Load, Increment, and Repeat LDIR B. W IR \'

Translate and Decrement TRDB B IR .V

Translate, Decrement, and Repeat TRDRB B IR Z,V

Translate and Increment TRIB B IR Z,V

Translate, Increment, and Repeat TRIRB B IR Vv

Translate, Test, and Decrement TRTDB B IR Z, Vv

Translate, Test, Decrement, Repeat TRTDRB B IR z,V

Translate, Test, and Increment TRTIB B IR YA

Translate, Test, Increment, and Repeat TRTIRB B IR Z,V
CPU Control Instructions .

Complement Flag . COMFLG — — c,z, s, pL v
Disable Interrupt DI — — —

Enable Interrupt El — — —

Halt HALT — — —

Load Control Register (from register) LDCTL — R C’, 2%, $*, P*, D’ H?
Load Control Register (to register) LDCTL — —_ —_

Load Program Status LDPS — IR, DA, X C,2,S.P,D,H
Multi-Bit Test MBIT — — S

Multi-Micro Request MREQ — — Z,S

Multi-Micro Reset MRES — — —

Multi-Micro Set MSET — — —

No Operation NOP — —

Reset Flag RESFLG — — c, 2, s, pL v
Set Flag SETFLG — — c,zZ, s, pL, Vv

1. Flag affected only for byte operation.
2. Flag modified only if specified by the instruction.
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Topical Index (Continued)

Data Addressing Flags
Instruction Description Mnemonic Types Modes Affected

Input/Output Instructions’ Regular Special
Input (S)IN’ B, W IR, DA (DA) -
Input and Decrement (S)IND® B, W IR (IR) v
Input, Decrement and Repeat (S)INDR® B, W IR (IR) v
Input and Increment (S)INP B, W IR (IR) \'A
Input, Increment, and Repeat (S)INIR’ B, W IR (IR) \
Output (S)ouT® B, W IR, DA (DA) —
Output and Decrement . (S)YOUTD’ B, W IR (IR) v
Output, Decrement, and Repeat (S)OUTDR’ B, W IR (IR) )"
Output and Increment (S)OUTP B, W IR (IR) )
Output, Increment, and Repeat (S)OUTIR® B, W IR (IR) v
Logical Instructions
And AND B, W R.IM, IR, DA, X 2,8 P
Complement COM B, W R, IR, DA, X Z,S P
Or OR B.W R.IM, IR, DA, X Z,S,P
Test TEST B,W,L R, IR, DA, X Z2,S, P
Test Condition Code TCC B, W R —_
Exclusive Or XOR B, W R, IM, IR, DA, X Z, S, P
Program Control Instructions
Call Procedure CALL — IR, DA, X —
Call Procedure Relative CALR — RA —
Decrement, Jump if Not Zero DINZ B, W RA —
Interrupt Return IRET — — C,2,S,P,D.H
Jump JP — IR, DA, X —
Jump Relative IR — RA —
Return From Procedure RET — — —
System Call SC — — —
Rotate and Shift Instructions
Rotate Left RL B, W R —
Rotate Left Through Carry RLC B.W R C, 2,8V
Rotate Left Digit RLDB B R Z,S
Rotate Right RR B, W R C, 2, S\V
Rotate Right Through Carry RRC B, W R C,2,8/'V
Rotate Right Digit RRDB B R Z, S
Shift Dynamic Arithmetic SDA B.W,L R C, 2 S,V
Shift Dynamic Logical SDL B, W, L R C,Z S,V
Shift Left Arithmetic SLA B, W, L R C, 2 8V
Shift Left Logical SLL B,W,L R C, Z SV
Shift Right Arithmetic SRA B, W, L R C.z2, s,V
Shift Right Logical SRL B.W,L R C, 2,5V

3. Each I/O instruction has a Special tounterpart used to alert other devices that a Special I/O transaction is occur-

ring. The Special /O mnemonic 1s S + Regular mnhemonic. Refer to section 6.2.8 for further details.
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ro (7 RNO 0:7 ALO

m o [ ALY o] -
a2 AN v AL2 ]
ms AWI - ALY ]
e AH4 i AL ]
ns ( ANs i LS |
ne [ AW j AL ] e
ar RN i AL ]
ne s o]
nL ) 08
mol ]
o [ )
e[ )
- )

Ave SVSTEM STACK PONTERTSEC WOT a1z
L1l MORMAL STACK POINTER (SEQ. NO.) (NSPSEC)

Ris” SYSTEN STACK POINTER (OFFSET)
A1s NORMAL STACK POINTER (OFFSET) (NSPOFF)

28001 G | Purpose Regl

oo 1 ro[1 A ) AL o]

| mfs  am i ALY o]

- [IRLE] ST ALz ]

l a [ ALY ]

[ m[ Ane ALe ]

N | as[_ AnS ALS )

ne_ AHE )]

e l ar[ [ ALO ALT |

s [ 9]

| m[ |

mo[_ ]

nmo{ [ 1

AR1Z (- ]

l an [ ]

‘ rraf” J
AR ma [ svsrewsrackeomten ]

28002 General Purpose Registers

Register Binary Hex
RQO RRO RO RHO 0000 0
Rl RH! 0001 1
RR2 R2 RH2 0010 2
R3 RH3 0011 3
RQ4 RR4 R4 RH4 0100 4
RS RHS 0101 S
RR6 R6 RH6 0110 6
R7 RH? olll 7
RQ8 RR8 R8 RLO 1000 8
R9 RL1 1001 9
RR10 R10 RL2 1010 A
Rli RL3 1011 B
RQI2 RRI2 R12 RL4 1100 c
RI3 RLS 1101 D
RR14 Rl4 RL6 1110 E
RIS RL? 1111 F
Binary Encoding for Register Fields
20002 28001
Low Low
SYSTEM STACK ADDRESS ADDRESS
"2"\"'5" AFTER I \pEnTIFIER SYSTEMSP  —a=| IDENTIFIER
| AR o
pC PC SEGMENT
;éi}z?::slyéfco"li —- PC OFFSET
INTERRUPT SEFORE TRAP
OR INTERRUPT
|«— 1 WORD —&| — 1 WORD —&|
HIGH HIGH
ADDRESS ADDRESS

Format of Saved Program Status in the System Stack

RO1Z

187



CONTROL BITS
15

FLAGS

PROGRAM COUNTER

NONSEGMENTED

PROGRAM COUNTER OFFSET

SEGMENTED

Program Status Blocks

BYTE OFFSET
HEX _oECMAL
[ 0
8 ]
10 16
.
16 24
20 2
28 a0
30 48
38 56
ac €0
40 64
44 68

23A

§70

PROGRAM STATUS AREA
POINTER (PSAP)

28001 28002
RESERVED
—_——
RESERVED
FoW EXTENDED Few
INSTRUCTION
SEG TRAP e
PCOFFSET | _ _
RESERVED
F—Fcw ] PRIviLEGED Fcw
INSTRUCTION
SEG e
PCOFFSET | _ _
RESERVED
ToW .SYSTEM Few
CALL
[ Jsesl__ 1 rrar pc
PCOFFSET | _ _ _
RESERVED
Fcw
= Sy NOT USED
PCOFFSET | _ _
RESERVED Fow
FCwW NON:MASKABLE
SEG INTERRUPT pe
PCOFFSEY | _
RESERVED Fow
FCW. NON-VECTORED
SEG INTERRUPT o
PCOFFSET | _ __ _ _
RESERVED Fow
FCW.
SEG oCy
PC OFFSET
SEG
[
PCy OFFSET VECTORED ?
SEG INTERRUPTS o
PCy OFFSET
N .
H
: :
SEG
pC,
PCy OFFSET "

Program Status Area

BYTE OFFSET
DECIMAL __ HEX
L] 0
4 4q
[] 8
12 c
16 10
20 4
24 18
28 1c
30 1E
32 20
kL) 22

540

21C
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Condition Codes

Code Meaning Flag Setting Binary
F Always false® - 0000
Always true - 1000
z Zero Z=1 0110
NZ Not zero 2=0 1110
C Carry C=1 0111
NC No carry C=0 1111
PL Plus S=0 1101
Ml Minus S=1 0101
NE Not equal Z2=0 1110
EQ Equal Z=1 o110
ov Overflow V=1 0100
NOV No overflow V=0 1100
PE Parity even P=1 0100
PO Parity odd P=0 1100
GE Greater than (SXORV) =0 1001
or equal
LT Less than (SXORV) =1 0001
GT Greater than (ZOR(SXORV)) =0 1010
LE Less than or (ZOR(SXORV)) = 1 0010
equal
UGE Unsigned C=0 1111
greater than
or equal
ULT Unsigned C=1 0111
less than
- UGT Unsigned ((C =0)AND(ZZ =0)) =1 1011
greater than
ULE Unsigned less (CORZ) =1 0011

than or equal

This table provides the condition codes and the flag settings they represent.

Note that some of the condition codes correspond to identical flag settings: i.e., Z-EQ, NZ-NE,
NC-UGE, PE-OV, PO-NOV.

*Presently not implemented in PLZZASM Z8000 compiler.

YI7“ISI‘IQIZI1JGJ BITS IN A BYTE

15 14 13 12 11 10 9 8 2 1 0

IJ Ll L[ [ L[rl‘lsl‘_lal I IJ BITS IN A WORD

Address n
I l BYTE
NS .
Address n (even) Address n + 1
UPPER BYTE LOWER BYTE I WORD
Nyl b Pt
Address n Address n + 1
UPPER WORDIUPPER BYTE T I
haA bl Saird e NS
Address n + 2 Address n + 3 LONG WORD
] LOWER WORO/LOWER BYTE I
N S i S
Add ble Data El t
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Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal
0 0 0 1] [} 0 [} 0 0 0 0 0 1] 0 [} 0
1 268,435,456 | 16,772,216 1 1,048,576 1 65,536 1 4,096 1 256 1 16 1 1
2 53870912 2 33,554,432 2 2,097,152 2 131,072 2 8,192 2 512 2 32 2 2
3 805,306,368 3 50,331,648 3 3,145,728 3 196,608 3 12,288 3 768 3 48 3 3 .
4 1,073,241,824 4 67,108,864 4 4,194,304 4 262,144 4 16,384 4 1,024 4 64 4 4
5 1,342,177,280 S 83,886,080 5 5,242,880 5 327,680 5 20,480 5 1,280 5 80 5 5
6 1610612,736 6 100,663,296 6 6,291,456 6 393,216 6 24,576 6 1.536 6 96 6 6
7 1.879,048,192 7 117,440,512 7 7,340,032 7 458,752 7 28,672 7 1,792 7 112 7. 7
8 2,147,483,648 8 134,217,728 8 8,388,608 8 524,288 8 32,768 8 2,048 8 128 8 8
9 2,415919,104 9 150,994,944 9 9,437,184 9 589,824 9 36,864 9 2,304 9 144 9 9
A 2684,354.560 A 162,772,160 A 10,485,760 A 655,360 A 40,960 A 2,560 A 160 A 10
B 2,952,790.016 B 184,549,376 B 11,534,336 B 720,896 B 45,056 B 2,816 B 176 B 11
C 3,221,225472 C 201,326,592 C 12582912 C 786,432 (o] 49,152 (o] 3,072 C 192 (o] 12
D 3,489.660,928 D 218,103,808 D 13.631,488 D 851,968 D 53,248 D -3,328 D 208 D 13
E 3,758,096,384 E 234,881,024 E 14,680,064 E 917,504 E 57,344 E 3,584 E 224 E 14
F 4,026,531.840 F 251,658,240 F 15,728,640 F 983,040 F 61,440 F 3.840 F 240 F 15

8 7 8 5 4 3 2 1
Hexadecimal and Decimal I ger C. ion Table

To Convert H decimal to Decimal To C t Decimal to Hexadecimal

1. Locate the column of decimal numbers corresponding to 1. (a) Select from the tabel the highest decimal number
the left-most digit or letter of the hexadecimal: select that is equal to or less than the number to be
from this column and record the number that cor- converted. -
responds to the position of the hexadecimal digit or (b) Record the hexadecimal of the column containing
letter. : the selected number. :

(c) Subtract the selected decimal from the numbell' to be
) converted.
2. Using the remainder from step 1(c) repeat all of step 1
to develop the second position of the hexadecimal (and

2. Repeat step | for the units (second from the left)
position.

3. Repeat step | for the units (third from the left) position.

4. Add the numbers selected from the table to form the a remainder).

decimal number. 3. Using the remainder from step 2 repeat all of step 1 to
To convert integer numbers greater than the capacity of develop the units position of the hexadetimal.
the table, use the techniques below: 4. Combine terms to form the hexadecimal number.
Hexadecimal to Decimal Decimal to Hexadecimal

Succesive cumulative mulitplication from left to right, Divide and collect the remainder in reverse order.

adding units position. Example: 3380)0=D34)¢ Example:
Example: D34)6=3380)g = Example: : 16|3380  remainder g:i:;l;:l‘:o
D= 13 Conversion of 16} 211 ™4 3380
x 16 . Hexadecimal Value
=55 D3¢ 16} 13 ™3 1.D -3328
208 2
3= +13 1D 338 b
211 2.3 -48
<16 2.3 48 B
3376 3.4 _6 34 4
4= _+4 4. Decimal 3380 -
3380 4. Hexadecima! D34

191






