
� ����
����	��	����	�

������

PROGRAMMING

1st EDITION

JUNE 1990





�	 ���� ���� 	 � � � �
�	���%�����	

�!��� *������ �#����6#�� �!#� ������������ �#�� �.�
�!#� 54����� $�� �7#�7�#8� �.� �!#� ������������ �#�� ���
+�#�#��#�� .����9� ��� 8!��!� �!#� ������������� ��#�
��7��#�� ����� �#�� .���������� "���+��� �!#�
������������� ��� #��!� "���+� ��#� ����#�9� .����8#��
6�� �� �������� �#����+����� �.� �!#� ��������������
��"��.������ �! �����#�������� �!��#�� 6�� �!#�
������������� ��� �!#� "���+9� ���!� ��� �!#� �7����6�#�
����#����"� ���#�9� .��"�� �..#��#�9� ��� ���#�:�
��+��6�����9� ��#� �#����6#��� �������� �������������
��� .#����#�� �!��� ��#� ���� ��+����� �.� +�#�#�#�����
�����+���#������ ��#� +����#�� ����

�����8��"� �!#� .���������� �������� �.� �!#�
������������ �#�9� .��"�� ���� ���������� ���#�� ��#

�������#�� ��� �#������� ��� �!#� ������������ �#��� �!���
��� .����8#�� 6�� �� �#������ ���������"� ���#���+�:�
�6������ �.� ������������� ���� �� �#����+����� �.�
���+��� �!#� ����� +���� �.� �!��� �!�+�#�� ��������9�.� ��
�#����#�� �#����+����� �.� #��!� 54���� �����������9�
����#�� ��� ��+!�6#������ ���#��� �!��� �#������ ���
���#��#�� ��� 6#� ��#�� ��� �� �#.#�#��#� 6�� 54����
+��"����#���� �!#� #����� .��� #��!� ������������
������#�� �� �#����+����� �.� �!#� �����������9�
����#����"� ���#�9� ���#�6��� ���"��"#� ��#;
������9� ������������ .������9� # #������� ���#�<�
���� ���+�#� # ��+�#�� �����������"� �!#� ��#� �.� �!#�
������������

&�	����	��� ��� � ��'

�!��� �#������ +�#�#���� ��� �7#�7�#8� �.� �!#�
54���� �������������� ���� �!��� +��+��#9� �!#�
������������� ���� 6#� ��7��#�� ����� �#�� .����������
"���+�=
>� ����� ���� � �!��"#

>� $���!�#���
>� ��"����

>� '��"���� (������
>� )��� *���+�������

>� -����#� ���� �!�.�
>� )���0� �����.#�� ���� �����"� *���+�������

>� ��+��1	��+��
>� ('�� (������
>� � �#��#�� ������������

�!#� ����� ���� � �!��"#� "���+� ������#�9��
7���#��� �.� ������������� �!��� +��7��#� .��� ��7#;
�#��� �.� ����� 6#�8##�� �#"���#��9� �#����9� ����
�!#� +��"���� ���#�.� ?��# �9� ���#����#� ����@�� �!#�#�
������������� ��#� ��++���#�� 8��!� �!#� 8��#���
���"#� �.� ����#����"� ���#�9� ��������"� �!#� )��#�
?)$@� ���� �!#� )��#� ���# � ?)A@� ���#� 8!��!� ��#�
�7����6�#� !#�#� ������ ���#� �.� �!#�#� �������������
�..#��� ���� �.� �!#� ('�� .��"��

�!#� ����� ���� ����� -#����7#� �������������
�����.#�� �� 6��#9� 8���9� ��� ���"� 8���� � .������
.���� �!#� �����#� �+#����� ��� �!#� �#����������
�+#������ $� �+#����� ��#:8���� �����������9� ��B9

��� ����� ������#�� ��� !����#� �!#� .�#C�#��� �#C���#;
�#��� .��� ������"� �� ������ ��������� ?�� ��� �/@� �����
�� �#"���#��� :

(��%� �	%� �)�* �	� �� �	��������	��

����������� 	+#����?�@ ���#� �.� �����������

(�-
(�-)

��� (�#��

�A ���9� ��� � �!��"#
�A)

�� ���9� ��� ����
��)
���

��$ ���9� ��� �����$���#��

��$- ���9� ��� ����� $���#��� -#����7#

��B ���9� ��� ����� (�������

��* ���9� ���9� ��� ����� *����+�#

��-
��-)
��-�

���9� ��� ����� -#����7#

'	'
'	'�

���9� ��� '�+

'��D ���9� ��� '��!
'��D�

�!#�#� ������������� 6��������� +��7��#� ��#� �.�
�!#� .����8��"� �!�##� .��������=
>� ����� �� �#"���#�� 8��!� ����� .���� �� �#"���#�� ���

�� �#����� ���������

�



>� ����� �� �#����� ��������� 8��!� ����� .���� ��
�#"���#��

>� ����� �� �#"���#�� ��� �� �#����� ��������� 8��!�
���#����#� �����

�!#� �#����� ��������� ��� �+#��.�#�� ����"� ����
�.� �!#� ����#����"� ���#�� ?�-9� �$9� A9� )$9
)A9� -$@�

�!#� ( �#��� ���� ( �#��� )��#� ������������� ����
6#� ��#�� ��� ��#��� �� �#"���#�� ��� �#����� ���������
��� E#���� F!��#� �!��� ��� .������������ #C��7��#��� ���
�� ����� ���#����#� 8!#�#� �!#� ���#����#� ����� ���
E#��9� �!��� �+#������� ������� .�#C�#����� #���"!�
��� G����.�� �� �+#����� ������������ �!��� ��� ���#�
���+���� ���� .���#��

�!#� � �!��"#� ������������� �8�+� �!#� ����#����
�.� �!#� �����#� ���� �#���������� �+#������

�!#� ����� *����+�#� ������������ +��7��#�� .���
#..���#��� ��7��"� ���� �#������"� �.� �#"���#���� �!���
���� ��"��.�������� ��8#�� �!#� �7#�!#��� �.� +��;
�#���#� ������ ���� ����# �� �8���!#�� ���!� ���
�!��#� �!��� ������ ��� ���#���+���� �!#� ������������
����8�� ���� �����"����� "���+� �.� 1� ��� �2� �#"��;
�#��� ��� 6#� �����.#��#�� ��� ��� .���� �� �#�����
��#�9� 8!��!� ���� 6#� �#��"���#�� ����"� �!#� �$9
�-� ��� A� ����#����"� ���#��� ?-	� ��� ������#�#�� ���
.����8� - �/9� # �" �9� ��#� ���� ��7#� -�:-�/� ����
-�:-&� 8��!� �� ���"�#� ������������@

����0� �+#�������� ��#� ��++���#�� 6�� �!#�
'��D9� '��D�9� '	'9� ���� '	'�� ��������������
$��� "#�#���:+��+��#� �#"���#�� ?��� �#"���#�� +����
��� �#"�#��#�� ���#@� ���� 6#� ��#�� ��� �!#� ����0�
+����#�� # �#+�� -	� ���� --	�� �!#� �����#�
�+#����� .��� �!#� '��!� ������������� ���� �!#�
�#���������� �+#����� .��� �!#� '�+� �������������
���� 6#� �� �#"���#�� ��� �� �#����� ��������9�
�+#��.�#�� 6�� �!#� �$9� �-9� ��� A� ����#����"�
���#��� ���#����#� ����� ���� ����� 6#� +��!#��
����� �� ����0� ��#� 8���� ��� �� ���#�� ���#� �!��� 6��#�
�+#�������� ��#������ ��++���#�9� ���� �!#� ����0�
+����#�� �#"���#�� ����� �������� ��:#7#�� 7���#�
8!#�� �� ����0� ������������ ��� # #���#��� �!��� ���
�������#��� 8��!� �!#� "#�#���� �#���������� �.� ����"�
#7#�� ����#��#�� .��� 8���� ���� ���"�8����
���#��#��

�!#� ����� $���#��� ���� ����� $���#��� -#��;
��7#� ������������� ���+��#� �!#� #..#���7#� ����#���
.��� �!#� �$9� A9� )$9� )A� ���� -$� ���#�� ����
�#����� �!#� 7���#� ��� �� �#"���#��� �!#�� ��#� ��#;
.��� .��� ����"#�#��� �.� ���+�# � ����� ��������#��

�!#� $���!�#���� "���+� ��������� �.� �������������
.��� +#�.�����"� ���#"#�� ����!�#����� �!#� 6����

&�	����	��� ������'� ?(������#�@

������������� ��#� ��������� �8�<�� ���+�#�#���
6������ .������ ���� �+#��������� ��++���� ��� �����
+��7��#�� .��� ��+�#�#�������� �.� )(��
����!�#����

����*�������	��������	�
������������ 	+#����?�@ ���#��.������������

$�(
$�()

���9� ��� $���8��!� (����

$��
$��)
$���

���9� ��� $��

('
(')
('�

���9� ��� (��+��#

�$) ��� �#������ $�G���

��(
��()

���9� ��� �#��#�#��

��H
��H�

���9� ��� ��7��#

�A��
�A��)
�A���

��� � �#��� ��"�

��(
��()

���9� ��� ����#�#��

*���
*����

���9� ��� *����+��

��I
��I)

��� �#"��#

�)(
�)()

���9� ��� ��6������8��!� (����

��)
��))
��)�

���9� ��� ��6�����

*���� ��� �!#� ������������� ��� �!��� "���+� +#�;
.���� ��� �+#������� 6#�8##�� �� �#"���#�� �+#����
���� �� �#����� �+#����� �#��"���#�� 6�� ����� �.�
�!#� .�7#� ����� ����#����"� ���#�9� ���� ����� �!#�
�#����� ����� �!#� �#"���#��

�!#� ����!�#���� ������������� ��� "#�#���� ���#��
�!#� (9� 59� �� ���� '1H� .��"�9� 8!��!� ���� �!#�� 6#�
�#��#�� 6�� ��6�#C�#��� ������������ G��+� �������;
������� �!#� '1H� .��"� ��� ��#�� ��� �������#� ����!;
�#���� �7#�.��8� .��� �!#�#� ������������� ���� ��� ���
�#.#��#�� ��� ��� �!#:H� ?�7#�.��8@� .��"�� �!#� 6��#�
7#������ �.� �!#�#� ������������� "#�#������ ���#���
�!#� �� ���� D� .��"�� ��� 8#���

�!#� 6����� ���#"#�� ?6�����@� �+#�������� ��#�
+#�.���#�� ��� 6��#9� 8���� ��� ���"� 8���� �+#�;
����9� ���!��"!� ���� ���� �+#����� ��E#�� ��#� ��+;
+���#�� 6�� ���� �������������� *����+�#� +�#�������
�+#�������� ���� 6#� ��+�#�#��#�� ��� ��.�8��#�
����"� �!#� $���8��!� (����9� ?$�(9� $�()@9

%



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 
quadruple and a 32-bit source. The overflow 
flag is set if the quotient is bigger than the 
low-order half of the destination, or if the 
source is zero.
Logical Instructions.

Functional Summary (Continued)

Instruction Operand(s) Name of Instruction
AND
ANDB

dst, src And

COM
COMB

dst Complement

OR dst, src Or
ORB

TEST
TESTB
TESTL

dst Test

XOR
XORB

dst, src Exclusive Or

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 
variants of these instructions also set the Parity 
Flag (P/V) if the parity of the result is even, 
while the word instructions leave this flag 
unchanged. The H 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

DJNZ r, dst Decrement and Jump if
DBJNZ 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 (DJNZ), which 
uses a register as a loop counter.) The flags 
are also preserved except for IRET which 
reloads the program status, including the 
flags, from the 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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Functional Summary (Continued)

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 Fength 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 Oporand(s) Name of Instruction
IN
INB

dst, sre Input .

IND
INDB

dst, sre, r Input and Decrement

INDR
INDRB

dst, sre, r Input, Decrement and 
Repeat ,

INI
INIB

dst, sre, r Input and Increment

INIR
INIRB

dst, sre, r Input, Increment and 
Repeat

OTDR
OTDRB

dst, sre, r Output, Decrement and 
Repeat

OTIR
OTIRB

dst, sre, r Output, Increment and 
Repeat

OUT
OUTB

dst, sre Output

OUTD
OUTDB

dst, sre, r Output and Decrement

OUTI
OUTIB

dst, sre, r Output and Increment

SIN
SINB

dst, sre Special Input

SIND
SINDB

dst, sre, r Special Input and 
Decrement

SINDR
SINDRB

dst, sre, r Special Input, Decrement 
and Repeat

SINI
SINIB

dst, sre, r Special Input and 
Increment

SINIR
SINIRB

dst, sre, r Special Input, Increment 
and Repeat

SOTDR
SOTDRB

dst, sre, r Special Output, 
Decrement and Repeat

SOTIR
SOTIRB

dst, sre, r Special Output, 
Increment and Repeat

SOUT
SOUTB

dst, sre Special Output

SOUTD
SOUTDB

dst, sre, r Special Output and 
Decrement

SOUTI
SOUTIB

dst, sre, r Special Output and 
Increment
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ADD
Add

Source
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

DA:

X:

ADD Rd( address 
ADDB Rbd, address

ADDL RRd, address

ADD Rd, addr(Rs) 
ADDB Rbd, addr(Rs)

ADDL RRd, addr(Rs)

01 0 0 0 0 0  W 0 0 0 0  Rd

0 1 0 1 0 1 1 0 0 0 0 0  RRd

01 0 1 0 1 1 0  Rs*0 RRd

01 |00000|w| Rs* 0  | Rd

address

16

SS
01

_5_ooooo

0 0 0 0 I Rd

o| segment offset

15

10

SL

SS

SL

S S

SL

SS

SL

oi|ooooo|w 0 0 0 0 | Rd

1 | segment 0 0 0 0 0 0 0 0

offset

0 1 1 0 1 0 1 1 0 0 0 0 0 | RRd

0 1 segment offset

0 1 ] 0 1 0 1 1 0 0 0 0 0  | RRd

1 segment 0 0 0 0 0 0 0 0

offset

01 |ooooo|w Rs* 0  | Rd

0 | segment offset

o 1 |oopoo|w Rs*0 | Rd

1 segment 0 0 0 0 0 0 0 0

offset

0 1 | 0 1 0 1 1 0 Rs*0  | RRd

0 1 segment offset

01 | 0 1 0 1 1 0 Rs*0  | RRd

1 | segment 0 0 0 0 0 0 0 0

offset

10

12

16

18

10

13

16

19

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

Memory R2 Flags

| B D 2 1 | C Z S P A / O H

c z s p d h

1252 _______

1254 0 6 4 4

1256

After instruction execution:

Momory R2 Flags

1252 |c 3 6 5] C Z S P/V D H
1254 0 6 4 4 0 0 10 d h
1256

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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| 11 1 0  0 111 | C Z S P/V D H
c z s p d h
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| 1 1 0 0 0 1 1 0 | C Z S P/V D H

c 0 1 1 d h
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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 R15 for BIT. The bit 
number is a value from 0 to 7 for BITB, or 0 to 15 for BIT, with 0 indicating the least 
significant bit. Note that only the lower four bits of the source operand are used to 
specify the bit number for BIT, while only the lower three bits of the source operand 
are used for BITB.

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

Bit Test Static

Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

R:

IR:

BIT Rd, b 
BITB Rbd, b

BIT @Rdi, b 
BITB &Rdl, b

1 0 1 0 0 1 1  W Rd b

00  1 0 0 1 1  W Rd*0  b

10 1 0 0 1 1  W Rd b

00 1 001 1 W Rd*0 b

DA: BIT address, b 
BITB address, b

��  �  � � �  i|w 0 0 0 0 | b
0 1 segment offset

0 1 1 0 0 1  11W|0 0 0 0  | b

address

��  |l � � �  i|w oooo| b
1 segment 0000 0000

offset

18
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CALR
Call Relative

CALRdst dst: RA

Operation: Nonsegmented Segmented
SP SP -  2 SP SP -  4
@SP PC @SP PC
PC ««- PC -  (2 x displacement) PC «*- PC -  (2 x displacement)

The current contents of the program counter (PC) are pushed 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.

Flags: No flags affected

Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

RA: CALR address 10 15| 1 1 0 1 | displacement | | 1 1 0 1 | displacement |

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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cp
Compare

Destination
Addressing Assembler Language 

Mode Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

DA:

X:

CP address, #data

CPB address, #data

CP addr(Rd), #data

CPB addr(Rd), #data

01)0011 o|w| 0000 [ 000 1 
address 

data

01 |o0 1 1 0 1w| 00  0 0 | 0 0 0 1

address

data data

Q l| o Q 1  1 o| W | Rd * o| 0001  

address 

data

0 110 0 1 1 o| W | Rd^tQ | 0001  

address

data data

14

14

15

15

15

17

15

17

15

18

15

18

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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� � � � �� � ��� � � � ++
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CPI
Compare and Increment

dst: IR 
src: IR

CPI dst, src, r, cc 
CPIB

Operation: dst -  src
AUTOINCREMENT src (by 1 if byte; by 2 if word) 
r r -  1

This instruction is used to search a string of data for an element meeting the 
specified condition. The contents of the location addressed by the source register are 
compared to (subtracted irom) 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 unaffected.
The source register is then incremented by one if CPIB, or by two if CPI, thus 
moving the pointer to the next element in the string. The 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
Addressing Assembler Language 

Mode Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

IR: CPI Rd, @Rsl, r, cc 
CPIB Rbd, @Rsl, r, cc 1 0 1 1 1 0 1 |w R* * 0 0000

0000 | r Rd * 0 cc
20

1 0 1 1 1 0 1 |w Rs * 0 0000
ooooj r Rd * 0 cc

30







Example:

CPIR
Compare, Increment and Repeat

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, R1 must be changed to a register pair.

LDA Rl, STRSTART
LD R3, #STRLEN
LDB RLO, #% D !hex code for return is D!
CPIRB RLO, @R1, R3, EQ
IR Z, FOUND

Note 1: W ord  register in nonsegm ented m ode, register pair in segm ented  m ode. 

Note 2: n = num ber of data elem ents com p ared .
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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 0, 1, 1,0,  register R13 con­
tains % 1006, register R14 contains %2006, and register R0 contains 4, the instruc­
tion (executed in nonsegmented mode)

CPSDR @R13, @R14, R0, EQ
leaves the Z flag set to 1 since the condition code would have been "egyal" (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 R0 will contain 0. For segmented mode, R13 and R14 must be changed to 
register pairs.

Note 1: W ord register in nonsegm ented  m ode, register pair in segm ented  m ode. 

Note 2: n = num ber of data elem ents co m p ared .
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CPSIR
Compare String, Increment and Repeat

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

Operation: dst -  src
AUTOINCREMENT dst and src (by 1 if byte, by 2 if word) 
r «*- r -  1
repeat until cc is true or r = 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 "cc" 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.

Flags: 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

Nonsegmented Mode Segmented Mode
Addressing

Mode
Assembler Language 

Syntax Instruction Format Cycles2 Instruction Format Cycles2

IR: CPSIR (k'Rdl ^ R s 1 ,r ,c c  
CPSIRB <&Rdi,#Rsl,r,cc

1011101 |w �� � � � � � � � �

� � � � � � ��� �� � ++
11 + 14n

101 1 101 |w ��� �� � � � � �

�������� �� � ��� �� � ++
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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 � . If the quotient is within the range -2 ��  to 2 ��  -  1 inclusive for DIV or 
-2 ��  to 2��  -  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 unchanged, 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 -2 ��  to 2 16-  1 inclusive for DIV or -2 ���
to 2��  -  1 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 
� , 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 -2 ��  to 2��  -  � inclusive for 
DIV or in the range from -2 ��  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 

-2 ��  to 2 15-  1 inclusive for DIV or outside range from -2 ��  to 2��  -1  inclusive 
for DIVL; cleared otherwise 

D: Unaffected 
H: Unaffected
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EXTS
Extend Sign

EXTSB dst dst: R
EXTS
EXTSL

Operation: Byte
if dst (7) = 0 then dst (8:15) 000...000

else dst (8:15) 111_111
Word
if dst (15) == 0 then dst (16:31) «- 000. ..000

else dst (16:31) 1 1 1 .. .111
Long
if dst (31) ?= 0 then dst (32:63) 000. ..000

else dst (32:63) � � � 1 1 1 .. .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
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

R: EXTSB Rd |l 0 1 1 0001 | �� | 0000 | 11 |lo| 1 10  0 01 | �� | 0000 | 11

EXTS RRD |l 0 1 1 0001 | �� |1010 | 11 11 01 1 1 0 0 01 | �� |1010 | 11

EXTSL RQd |l 0 1 1 0001 | �� ��01�1�1�� 11 |l o| 1 1 0001 | �� | 0 1 1 1 | 11

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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INC
Increment

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

INC dst, src 
INCB

Operation: dst «*- dst + src (src = 1 to 16)

The source operand (a value from 1 to 16) is added to the destination operand and 
the sum is stored in the destination. Two's complement addition is performed. The 
source operand may be omitted from the assembly language statement and defaults 
to the value 1 .
The 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 both operands were of the same sign 

and the result is of the opposite sign; cleared otherwise 
D: Unaffected 
H: Unaffected

Addressing
Mode

Assembler Language 
Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

R:

IR:

INC Rd, ��  
INCB Rbd, ��

INC @Rdi, ��  
INCB @Rdl, ��

1 0 1 01 00  W Rd n -  1 I

00  1 01 00  W Rd *0  I n -  1

4

11

|l  0 11 0 1 0 0 1WI Rd I n -  1 I 4

00  1 01 00  W Rd*0 I n -  1 I 11

DA:

X:

INC address, #n 
INCB address, ��

INC addr(Rd), #n 
INCB addr(Rd), ��

01 1 0 1 0 0  W 0 0 0 0  n -  1

01 1 0 1 0 0  W Rd *0  n -  1

14

16

14

17

Example: If register RH2 contains %21, the statement
INCB RH2,#6

will leave the value %27 in RH2.

Note 1: Word register in nonsegmented mode, register pair in segmented mode.
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Privileged INDR (SINDR)
(Special) Input, Decrement and Repeat

Example: If register R1 contains %202A, register R2 contains the Special I/O address %0AFC, 
and register R3 contains 8, the instruction

SINDRB @R1, @R2, R3
will input 8 bytes from the special I/O port OAFC and leave them in descending 
order from %202A to %2023. Register R1 will contain %2022, and R3 will contain 0. 
R2 wil) not be affected. The V flag will be set. This example assumes nonsegmented 
mode; in segmented mode, R 1 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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Privileged �!��
Interrupt Return

�!��

��������	4� Nonsegmented Segmented
SP SP + 2 (Pop "identifier") SP SP + 2 (Pop "identifier")
PS @SP PS @SP
SP — SP + 4 SP SP + 6

This instruction is used to return to a previously executed procedure at the end of a 
- procedure entered by an interrupt or trap (including a System Call instruction).

First, the "identifier" word associated with the interrupt or trap is popped from the 
system processor stack and discarded. Then contents of the location addressed by 
the system processor stack pointer are popped into the program status (PS), loading 
the Flags and Control Word (FCW) and the program counter (PC). The new value 
of the FCW is not effective until the next instruction, so that the status pins will not 
be affected by the new control bits until after the IRET instruction execution is com­
pleted. The next instruction executed is that addressed by the new contents of the 
PC. The system stack pointer (R15 if nonsegmented, or RR14 if segmented) is used to 
access memory. 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.

&����4� �4� Loaded from processor stack
14� Loaded from processor stack 
�4� Loaded from processor stack 
�-54� Loaded from processor stack 
/4� Loaded from processor stack 
64� Loaded from processor stack

Addressing
Mode

Assembler Language 
Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

IRET 13 16I 01111011 | 00000000 | | 01111011 | oooooooo |

�)�����4� 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.
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JR
Jump Relative

JR  cc, dst dst: RA

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

A conditional jump transfers program control to the destination address if the condi­
tion.specified by "cc" is satisfied by the flags in the FCW. See 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.

Flags: No flags affected

Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

R A : JR cc, address
6 611 1 1 0 | cc | displacement | | 1 1 1 0 | cc | displacement |

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 MI, $ +14
If the S flag is not set, execution continues with the instruction following the JR.
A byte-saving form of a jump to the label LAB is 

JR LAB
where LAB must be within the allowed range. The condition code is "blank" in this 
case, and indicates that the jumpjs always taken.
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(/
Load

(/� dst, src
(/+
(/(

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

dst: IR, DA, X, BA, BX 
src: R 
or
dst: R, IR, DA, X 
src: IM

��������	4 dst src

&����4

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.

No flags affected

Load Register
Source

Addressing
Mode

Assembler Language 
Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

�
1 0� 11 0� 0�0�0�|w � ��� �� ��� � 3

�
�� o| � � � � � � � � ��� � �� ��� � � 5

�
oo|i oooo w � � � � � �� ��� � 7

�
� � � � � � � � � � � � � � �� ��� � � 11

SS
o111 oooo|w �������� �� �� 10
� �� ������� �� � ���

o 1 11 oooo|W � � � � �� ��

SL ��� ������� � � � � � � � � � 12
�� � ���

SS
�� � �� � � � � � � �� � � � �� 	� ���

13
� �� ������� �� � ���

�  � � � � � � � � �� � � � �� �� ���

SL �� ������� � � � � � � � � � 15
�� � ���

!4

�!4

/�4

LD Rd, Rs 
LDB Rbd, Rbs

LDL RRd, RRs

LD Rd, @Rsl 
LDB Rbd, @Rsi

LDL RRd, @Rsi

LD Rd, address 
LDB Rbd, address

�� �� �� � � � � � �� ��

10010100

0010000 w

00 010100
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3

5

7

11

' LDL RRd, address
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12
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LD
Load

Load Memory (C on tin u ed )

Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

DA:

DA:

BA:

BX:

LD address, Rs 
LDB address, Rbs.

LDL address, RRs

LD addr(Rd), Rs 
LDB addr(Rd), Rbs

LDR addr(Rd), RRs

LD Rdi(#disp), Rs 
LDB Rdi(#disp), Rbs

LDL Rdi(#disp), RRs

LD Rdi(Rx), Rs 
LDB Rdi(Rx), Rbs

LDL Rdi(Rx), RRs

0 1 [1 0 1 1 11W | 0 0 0 0  | Rs

address

0 1 0 1 1 1 0 1 0 0 0 0  RRs

0 1110 1 1 1 |W| R d *0 | Rs

address

01 0 1 1 1 0 1  Rd*0 RRs

0 o| 1 1 0 0 1 1W| Rd *0  | Rs

displacement

0 0 1 1 0 1 1 1  Rd*0 RRs

displacement

0 111 1 ooi|w Rd*0  | Rs

0 0 0 0 | Rx 0 0 0 0  0 0 0 0

0 11 1 1 0 1 1 1 Rd*0  | RRs

0 0 0 0 | Rx 0 0 0 0  0 0 0 0

� �

12

� �

SS

SL

SS

SL

SS

SL

SS

SL

� �

� �

� �

� �

0 1 11 0 1 1 1 |w 00 00 | Rs

0 segment offset

0 111 0 1 1 11 w 0 0 0 0 | Rs

1 segment 0 0 0 0  0 00  0

offset

011 011101 0 0 0 0  RRs

0 1 segment offset

0 11 011101 00 00  | RRs

1 1 segment 0 0 0 0  0 0 0 0

offset

0 1 11 01 1 1 |w Rd*0 | Rs

0 segment offset

0 111 01 1 i|w Rd*o |  Rs

1 | segment 0 0 0 0  0 0 0 0

offset

0 11 0 1 1 1 0 1 Rd*0 | RRs

0 1 segment offset

0 1 ( 0 1 1 1 0  1 Rd*0 | RRs

1 segment 0 0 0 0  0 0 0 0

offset

00 1 1 00  1 1W) Rd*0  | Rs

displacement

0 0 1 1 1 0 1 1 1 Rd*0 | RRs

displacement

0l|l 1 0 0 l|w Rd>0 | Rs

0 0 0 0 | Rx 0 0 0 0  0 0 0 0

0 1 ] 1 1 0 1 1 1 Rd*0  I RRs

0 0 0 0 | Rx 0 0 0  0 00  00

12

� �

17

12

� �

� �

� �

� �

� �

� �

Note 1: W ord  register in nonsegm ented  m ode, register pair in segm ented m ode.
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(/
Load

Load Immediate Value
Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

� ?

	 � ?

" ' ?

LD Rd, #data

LDB Rbd, #data2

LDL RRd, #data

LD @Rdl, #data

LDB@Rdl, #data

LD address, #data

LDB address, #data

o o | 1 0 0 0 0 1 |oooo| ��

����

���� �� � � � � � �������� �� ��

���� ��� �

� � � ��� ��� ��� �

� � � � � � � � � � � � � � � ���

3�� ��� ��9.��.:� �2

� � � ��� ��9 ��:

� � � � � � � �� ��� ��� � � �� � � � �

0 0 1001 1 00 ��� �� o| 01 01
��� � ��� �

01 0 0 1 1 0 1  0 0 0 0 0 1 0 1

0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 1

� � � � � � � � � � � � � ��

11

11

11

1 4

1 4

SS

SL

SS

SL

� �  � � � � � � �� �� �� �� �� ��

���� ����

�� �� �� ���� �� �� �� ����� �

��� � � � � � � � 	� � � � ��� �� ���

3� ��� ��9.��.:� � �

�/ �����9 ��:� �

� � � � � � � � �� ��� �� ��� �� � 01

��� �

� � � � � � � � ��� � � �� � � � �

��� � ��� �

S � B
� � � � � � � � � � � � � � �

� ������� �� � ���

����

�� � � � � � � � � � � � � � � �

�� ������� � � � � � � � � �

�� � ���

����

�� � �� � � � � � � � � � � � � � � � �

� �� ������� ������

���� ����

�� � �� � � � � � � � � � � � � � � �

�� J ������� � � � � � � � � �

�� � ���

���� ����

11

11

11

1 5

1 7

1 5

1 7

� � ��� �4� 8 � �%� � � � � � � � � � �	� 	 � 	 � � � � � 	 ��%� � �%�9� �� � �� �� � � � � �� � �	� � � � � � 	 ��%� � �%��

� ���� D4� � ��* � � � * � �C�� "��� ���� �)���� "��� T( / + � !9� �, T9� �*�� � � � � � 0 �� � � � �C �'�� � �� �� �* �� �* � ��� "��� � ��� �	� �*��� � � � � 9� �*�  
T� � � � "�� �%T� �	� �*�� �	 ���� ���� 	 � "��� ��� � 	 � �% �	 � � � � 	 �� �	 � � �* �� � � � � � � � � � � � � 	% �
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����

��������#����#�H���#� ; � � 	 ��	 � �%<

�#���������
$���#����"

*��#
$��#�6�#�� ���"��"#�

����� 

����#"�#��#�� *��#

������������ ������ (���#�

�#"�#��#�� *��#

������������ ������ (���#�

74 ��� ����?-�@9� T����

��)� ����?-�@9� T����

��� � � � � � � � � � � � � � � � �

�� �� �� ���� � � � �� ��� � ��� �� �� �� �� �

���� ���

���� ����

�/

�/

��

��

��

��

�� � �� � � � � � � � � � � � �� � � � �

� �� ������� ������

����

�  � � � � � � � � � � � � � � �� � � � �

�� �� ������� � � � � � � � � �

������

����

�� � �� � � � � � � � � � � � � �� � � � �

� �� ������� ������

���� ����

� � �� �� �� �� �� � � � � � � � �� � � � �

�� ������� � � � � � � � � �

������

��� �� �� ����

�/

�4

�/

�4

�)�����4� �#7#���� # ��+�#�� �.� �!#� ��#� �.� �!#� ����� ������������ ��#� ��#��#�� ��� �#����� ��� (!�+�#�� ,
���#�� ����#����"� ���#��

24



LDA
Load Address

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

Operation:

Flags:

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.

No flags affected

Source
Addressing Assembler Language 

Mode Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

DA: LDA Rdl, address
O l j  1 1 0 1 1 0  | 0 0 0 0 | Rd

address

X: LDA Rdl, addr(Rs)
0 1 | 1 1 0 1 1 0  | Rs*0 | Rd

address

BA:

BX:

LDA Rdl, Rsl (#disp) 

LDA Rdl-, Rsl (Rx)

00 1 1 0 1 00 | Rs*0 | Rd 

displacement

0 1 1 1 0 1 0 0 Rs*0 | Rd
0 0 0 0 | Rx 0 0 0 0  0 0 0 0

��

13

15

15

0 1 | 1 10  110 0 0 00 | RRd

0 1 segment offset

0 1 | 1 1 0 1 1 0 0 0 0 0 | RRd

1 | segment 0 0 0 0  0 0 0 0

offset

01 | 1 1 0 1 1 0 Rs*0 | RRd

0 1 segment offset

0 1 1 1 1 0 1 1 0 Rs*0 | RRd

1 segment 0 0 0 0  0 0 0 0

offset

0 0 1 1 0 1 0 0  | R s ^ 0 |  Rd 

displacement

0 1 1 1 0 1 0 0 Rs * 0 | Rd

0 0 0 0  | Rx 0 0 0 0  0 0 0 0

13

15

13

16

15

15
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(/�
Load Address

�)������4 LDA R4, STRUCT !in nonsegmented mode, register R4 is loaded! 
!with the nonsegmented address of the location! 
!named STRUCT!

LDA RR2, « 3 »  8(R4) ! in segmented mode, if index register R4!
!contains %20, then register RR2 isdoaded!
!with the segmented address ( « 3 »  , offset %28)!

LDA RR2,RR4(#8) !in segmented mode, if base register RR4!
{contains %01000020, then register RR2 is loaded! 
!with the segment address «  1 »  %28!
!(segment 1 , offset %28)!

� ���� �4� 8 � �%� �� � �� �� � � �	� 	 � 	 � � � � � 	 ��%� � �%�9� � � � �� �� � � � � �� � �	� � � � � � 	 ��%� � �%��
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��� �#"�#��#�� ���#9� �!#� �����#� �+#����� ����� 6#� ��� �!#� ���#� �#"�#��� ��� �!#� ��$-�
������������

�!#� ���#�6�#�� �������������� ��������#�� �!#� ���+���#�#��� 6�� ��6�������"� �!#� '(� 7���#�
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����#"�#��#�� *��#
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�#"�#��#�� *��#

������������ ������ (���#�

-$= ��$-� -��9� ����#��
� � � � � � � � � � � � �

���- �+�����
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� ��+�#=� ��$-� -%9� �$)��� M��� ����#"�#��#�� ���#9� �#"���#�� -%� ��� ����#�M
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LDCTL Privileged
Load Control

LDCTL dst, src

Operation: dst src

dst: CTLR 
src: R 
or
dst: R 
src: CTLR

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)

FCW

LDCTL REFRESH, Rs

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

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

'h 'h 'u 'u 'h 'h Y h ' '
j re | rate | counter |j|||**~ reserved

72



'��7��#"#� (/��(
����� (������

��������	4

��������	4

��������	4

��(��� ��'��I9� -�� <

��'��I� ?�=�/@� -�� ?�=�/@� �

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

-�=� � ������������������������������������������������������������������������

� ��� ���� �����
��'��I=� � �����������������������������������������������������������������������j j �

��� �#"�#��#�� ���#9� �!#� ��'��I� �#"���#�� ��� �!#� ������� ���#� -�,� ���� ��������� �!#�
�#"�#��� ���6#�� �.� �!#� ������� ���#�+���#����� ����0�+����#�� 8!��!� ��� ��!#�8��#�
�����#���6�#� .��� ����#�� ���#�

��� ����#"�#��#�� ���#9� -�,� ��� ���� ��#�� ���+���� �.� �!#� �������+���#����� ����0�
+����#��� �!��� ������������ ���� ����6#� ��#�� ��� ����#"�#��#�� ���#�

��(��� ��'	��9� -�� <
��'9� -�

��'	��� ?�=�/@� -�� ?�=�/@

1 5 1 4 1 3 1 2 1 1 1 0 9  8 7 6 5 4 3 2 1 0

"TnrnRrrmrn1
O��'	��=� � ��������������������������������U �������������������������������������� �

@���� �	� 	�	�����	��%� ��%�

��� �#"�#��#�� ���#9� �!#� ��'	��� �#"���#�� ��� -�/� ��� ������� ���#� ���� ��������� �!#�
�..�#��+���� �.� �!#� ������� +���#����� ����0�+����#��� ��� ����#"�#��#�� ���#9� -�/� ��� �!#�
#����#� ������� +���#����� ����0�+����#��
��� ����#"�#��#�� 54��%9� �!#� ��#������ N��'N� �!����� 6#� ��#�� ��� �!#� ���#�6���
���"��"#� ����#�#��9� ���� �������#�� �!#� ���#� �������� �#"���#�� ��� �!#� ��#������
N��'	��N

��(��� '�$'��I9� -��

'�$'��I� ?4=�,@� -�� ?4=�,@

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

-�=� Y� 9� 9

'�$'��I=� _� Y� segment numbJ7

-̂------------------- reserved

�!#� '�$'��I� �#"���#�� ���� ���� 6#� ��#�� ��� �!#� ����#"�#��#�� 54��%�� ��� �!#�
�#"�#��#�� 54���9� ���#� ����� 6#� # #����#��8!#�� �!��"��"� �!#� �8�� '�$'� �#"���#��
7���#�� ��� �!��� ��� ���#���+�� ��������"� 6#�8##�� �!#� �!��"��"� �.� '�$'��I� ����
'�$'	��� ��� !����#�� ����#������ �!��� ��� ��+������� �����+���!#�� 6�� .����� ����6���"�
���#���+��� 6#.��#� �!��"��"� '�$'��I� ���� '�$'	���
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Privileged LDCTL
Load Control

Operation:

Operation:

Operation:

LDCTL Rd, PSAPSEG

Rd (8:14) PSAPSEG (8:14)
Rd (0:7) ^  UNDEFINED 
Rd (15) UNDEFINED

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

PSAPSEG: | | segment number [ "" - * ,  ̂ |

I H U H .... ‘................
	 � � � ...........................  i...........................- . _ z i

-̂--------------------------undef ined-----------------^

This instruction may not be used in the nonsegrriented version.

LDCTL Rd, PSAPOFF 
Rd, PSAP

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: | offset (upper byte) | ...... ,...• .., ]

I  I  lr u |r u jr | ____________________
Rd: | � t [ t | | [ | undefined ~~|

*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 

Rd (0:15) NSPSEG (0:15)

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

NSPSEG: | ............................................................iii'inmimn
This instruction is not available in nonsegmented mode.
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-�� ?�=�/@� : : � ��'	��� ?�=�/@
1 5 1 4 1 3 1 2 1 1 1 0  9 8 7 6  5 4 3 2 1 0

O���'	��=

P � 	 � 	 	 �
-�=

&����4

@���� �	� 	�	�����	��%� ��%�

��� ����#"�#��#�� ���#9� �!#� ��#������ ��'� �!����� 6#� ��#�� ��� �!#� ���#�6���
���"��"#� ����#�#��9� ���� ��� �������#�� �!#� ���#� �������� �#"���#�� ��� �!#� ��#������
��'	���

��� .��"�� �..#��#�9� # �#+�� 8!#�� �!#� �#���������� ��� �!#� ���"� ���� (������� F���� ?��(���
�(F9� -�@9� ��� 8!��!� ���#� ���� �!#� .��"�� ��#� ����#�� .���� �!#� �����#� �#"���#��

�����#
$���#����"

*��#
$��#�6�#�� ���"��"#�

����� 

����#"�#��#�� *��#

������������ ������ (���#�

�#"�#��#�� *��#

������������ ������ (���#�

��(��� �(F9� -�

��(��� -��-��D9� -�

��(��� '�$'��I9� -�

��(��� '�$'	��9� -��
'�$'9� -�

��(��� ��'��I9� -�

��(��� ��'	��9� -��
��'9� -�

0 1 1 1 1 1 0 1  Rs 1 0 1 0

0 1 1 1 1 1 0 1  Rs 1011

0 1 1 1 1 1 0  1 Rs 110  1

0 1 1 1 1 1 0  1 Rs 1111

0 1 1 1 1 1 0 1  Rs 1 0 1 0

0 1 1 1 1 1 0 1  Rs 1 0 1 1

0 1 1 1 1 1 0 1  Rs 1 1 0 0

0 1 1 1 1 1 0 1  Rs 1 1 0 1

0 1 1 1 1 1 0 1  Rs 1 1 1 0

0 1 1 1 1 1 0 1  Rs 11 1 1

�#���������
$���#����"

*��#
$��#�6�#�� ���"��"#�

����� 

����#"�#��#�� *��# �#"�#��#�� *��#

������������ ������ (���#� ������������ ������ (���#�

��(��� -�9� �(F�

��(��� -�9� -��-��D�

��(��� -�9� '�$'��I

��(��� -�9� '�$'	���
��(���-�9� '�$'�
��(��� -�9� ��'��I

��(��� -�9� ��'	���
-�9� ��'

0 1 1 1 1 1 0 1  Rd 0 0 1 0

0 1 1 1 1 1 0 1  Rd 0 0 1 1

0 1 1 1 1 1 0 1  Rd 01 0 1

� � � � � � � � � ��� � � � �

0 1 1 1 1 1 0 1  •Rd 0 0 1 0

0 1 1 1 1 1 0 1  Rd 0 0 1 1

0 1 1 1 1 1 0 1  Rd 0 1 0 0

0 1 1 1 1 1 0 1  Rd 0 1 0 1

0 1 1 1 1 1 0 1  Rd 0 1 1 0

0 1 1 1 1 1 0 1  Rd 0 1 1 1
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��(��)� -6�9� ��$I�� <

���� ?%=3@� ��$I�� ?%=3@�
���� ? � =� @� W� � � � �
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E#���� �!#� ��$I�� �#"���#�� ��� ���..#��#��

D� 2� /� 1� 3� �� �� �

��$I�=� �� �� �� E� �� �� Y+17Y� � � �� � � _� �
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-6�=� � ��������������������� �� h� 9� h� �
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�����#�� F!#�� �!#� ��$I�� �#"���#�� ��� �!#� �����#9� ���#� �.� �!#� .��"�� ��#� �..#��#��
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LDCTLB
Load Control Byte

Assembler Language 
Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

LDCTLB FLAGS, Rbs 

LDCTLB Rbd, FLAGS

7

7

7

7

I 1 0 0 0 1 1 0 0 | Rs 1 1 0 0 1 | I 1 0 0 0  1 1 00 | Rs | 10 01 |

| 1 0 0 0 1 1 0 0  | Rd 0 0 0  1 | | 1 00 0  1 1 00 | Rd | 0 0 0  1 |

7 8
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$��	��(-�*���� ���� ���� ���� ?6�� �� �.�6��#9� 6�� %� �.� 8���@�
�� �� : � �

�!��� ������������ ��� ��#�� .��� 6���0� �����.#��� �.� �����"�� �.� ������ �!#� ����#���� �.� �!#� ����;
����� ����#��#�� 6�� �!#� �����#� �#"���#�� ��#� ����#�� ����� �!#� ��������� ����#��#�� 6�� �!#�
�#���������� �#"���#��� �!#� �����#� ���� �#���������� �#"���#��� ��#� �!#�� �#��#�#��#�� 6��
��#� �.� ���)9� ���6�� �8�� �.� ���9� �!��� ��7��"� �!#� +����#��� ��� �!#� +�#7����� #�#�#���� ���
�!#� �����"��� �!#� �����#� �#���������9� ���� �����#�� �#"���#��� ����� 6#� �#+����#� ���� ���;
�7#���++��"� �#"���#���� �!#�8���� �#"���#�� �+#��.�#��6�� N�N� ?��#�� ��� �� �����#�@� ��� �!#��
�#��#�#��#�� 6�� ��#�

&����4� �4� ���..#��#�
14� ���#.��#�
�4� ���..#��#�� �
54� �#�� �.� �!#� �#����� �.� �#��#�#����"� �� ���E#��J� ��#��#�� ��!#�8��#�
/4� ���..#��#��
64� ���..#��#�

����#"�#��#�� *��# �#"�#��#�� *��#
$���#����"

*��#
$��#�6�#�� ���"��"#�

����� ������������ ������ (���#� ������������ ������ (���#�

�!4 ���� \-��� \-��� ��
���)� \-��9� \-��� � � � � � � � � �Y8 R# * 0 1 0 0  1

0 0 0 0  r Rd * 0 1 0 0 0

� �� � �� �� ���Y8 Rs * 0 1 0 0  1

0 0 0 0 | r Rd * 0 1 0 0 0

�)�����4� ��� ����#"�#��#�� ���#9� �.� �#"���#�� -�� ��������� Z%�%$9� �#"���#�� -%� ��������� Z,�,$9
�!#�8���� ��� ��������� Z,�,$� ��������� Z����9� ���� �#"���#�� -&� ��������� /9�
�!#� �����������

���� l-�9� \-%9� -&

8���� �#�7#� �!#�7���#� Z����� ��� ��������� Z%�%$9� �!#� 7���#� Z%�%4� ��� - �9� �!#� 7���#�
Z,�,4� ��� -%9� ���� �!#�7���#� ,� ��� -&�� �!#�H� .��"� 8���� 6#� ��#��#��� ��� �#"�#��#�� ���#9�
�#"���#�� +����� 8����� 6#� ��#�� ����#��� �.� -�� ���� -%�
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��� �!#� �����"��� �!#�8���� �#"���#�� �+#��.�#�� 6�� N�N� ?��#�� ��� �� �����#�@� ��� �!#��
�#��#�#��#�� 6�� ��#�� �!#� #����#� �+#������� ��� �#+#��#�� ������ �!#� �#����� �.� �#��#�#�;
���"� �� ���E#���� �!#� �����#9� �#���������9� ���� �����#�� �#"���#��� �����6#� �#+����#� ����
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�!#�+����#��� #����#�� �!��� �!#� �����#� �����"� 8���� 6#� ��+�#��8��!���� �#�������"� �!#�
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LDDR
Load, Decrement and Repeat

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

LDDR @ R1,@R2,R3 . 
will leave the value %FFFF in the words at locations %2020 through %202A, the 
value %201E in 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 Rl 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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�#���������� �#"���#��� �!#� �����#� ���� �#���������� �#"���#��� ��#� �!#�� ����#�#��#�� 6��
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�����"��� �!#� �����#9� �#���������9� ���� �����#�� �#"���#��� ����� 6#� �#+����#� ���� ���;
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&����4� �4� ���..#��#�
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� � � � � � � Y8 Rs * 0 0 0 0  1

0 0 0 0 | r Rd * 0 1 0 0 0

1 0 1 1 1 0 1 | W Rs * 0 0 0 0  1

0 0 0 0  r Rd * 0 1 0 0 0
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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 @R1, @R2-, R3

In segmented modfe, Rl 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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LDM
Load Multiple

Load Multiple - Memory From Registers

Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

IR:

DA:

X:

LDM&Rd1, Rs, §n

LDM address, Rs, #n

LDM addr(Rd), Rs, #n

0 0 1 0 1 1 1 0 0 Rd *0 1 0 0  1

0 0 0 0 | Rs 0 0 0 0 num

0 l | 0 1 1 1 0 0 0 0 0 0 1 0 0  1

0 0 0 0 | Rs 0 0 0 0 num

0 1 | 0 1 1 1 0 0 Rd*0 10 0 1

0 0 0 0 | Rs 0 0 0 0 num

address

11 +3n

14 + 3n

15 + 3n

SS

SL

SS

SL

0 0 1 0 1 1 1 0 0 Rd *0 1 0 0  1

0 0 0 0 | Rs 0 0 0 0 num .

0 1 | 0 1 1 1 0 0 0 0 0 0 1 0 0 1

0 0 0 0 |  Rs 0 0 0 0 num

0 segment offset

0 1 | 0 1 1 1 0 0 0 0 0 0 1 0 0  1

0 0 0 0 | Rs 0 0 0 0 num

1 segment 0 0 0 0  0 0 0 0

offset

0 1 | 0 1 1 1 0 0 Rd*0 1 0 0  1

0 0 0 0 | Rs 0 0 0 0 num

0 segment offset

0 1 | 0 1 1 1 0 0 Rd * 0 1 00  1

0 0 00  | Rs 0 0 0 0 num

1 | segment 0 0 0 0  0 0 0 0

11 +3n

15 + 3n

17 + 3n

15 + 3n

18 + 3n

Example: In nonsegmented mode, if register R5 contains 5, R6 contains %0100, and R7 con­
tains 7, the statement

LDM @R6, R5, #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, register pair in segmented mode. 
Note 2: n = number of registers.
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LDR
Load Relative

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

dst: RA
src: R

Operation: 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.

Flags: No flags affected

Load Relative Register

Source
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format- Cycles

RA: LDR Rd, address 
LDRB Rbd, address

LDRL RRd, address

0 0 1 1 0 0 0  W 0 0 0 0  Rd

displacement

� � � � � � � � � � � � �

displacement

14

17

0 0 1 1 0 0 0  W 0 0 0 0  Rd

displacement

0 0 1 1 0 1 0 1  0 0 0 0  Rd

displacement

14

17

90



(/!
�����-#����7#

�����-#����7#�*#����

�#���������
$���#����"� $��#�6�#�� ���"��"#�

*��#� ����� 

-$= ��-� ����#��9� -��
��-)� ����#��9� -6�

��-�� ����#��9� --�

����#"�#��#�� *��#

������������ ������ (���#�

�#"�#��#�� *��#

������������ ������ (���#�

001 1 0 0 1 | w | 0 0 0 0  I Rs 

displacement

0 0 1 1 0 1 1 1  | 0 0 0 0 | ~r T  

displacement

�,

�3

001 1 001|w|0000 | Rs 

displacement

0 0 1 1 0 1 1 1  | 0 0 0 0 | Rs 

displacement

�,

�3

� ��+�#=� ��-� -%9� �$�$ M��#"���#�� -%� ��� ����#�� 8��!� �!#�7���#� ��� �!#M�
M���������� ���#�� �$�$M

� �



,+��� '��7��#"#�
*����:*����� )��� �#��

*)��

	+#������=� �� � � � � �� �.� *�� !�"!� ?������7#@J� �� ��!#�8��#

�!��� ������������ ��� ��#�� ��� ����!����E#� �����+�#� +���#�����<� # �����7#� ���#��� ���
�!��#�� !���8��#� �#�����#��� �!#� �����:������ ��+��� +��� ?*�@� ��� �#��#�9� ���� �!#� �� .��"�
��� ��#��#�� �.� �!#�+��� ��� ��8� ?����7#@J� ��!#�8��#9� �!#� �� .��"� ��� �#�9� ���������"� �!��� �!#�
+��� ��� !�"!� ?������7#@�

$.�#�� �!#� *)��� ������������ ��� # #���#�9� �!#� �� .��"� ���� 6#� ��#�� ��� �#�#����#� 8!#�!#��
�� �#C�#��#�� �#�����#� ��� �7����6�#� ��� ����� �.� �!#� �� .��"� ��� ��#��9� �!#�� �!#� �#�����#� ���
���� �7����6�#J� �.� �!#� �� .��"� ��� �#��� �!#�� �!#� �#�����#� ��� �7����6�#� .��� ��#�6�� �!��� ('��

���"�=� (=� ���..#��#�
5=� ���#.��#�
�=� �#�� �.� *�� ��� !�"!J� ��#��#�� ��!#�8��#�
H=� ���..#��#�
�=� ���..#��#�� c
D=� ���..#��#�

$��#�6�#�� ���"��"#�
����� 

����#"�#��#�� *��# �#"�#��#�� *��#

������������ ������ (���#� ������������ ������ (���#�

*)��� < 3 3Y� ���� � � � � � � � � � � � � � Y Y� ���� � � � � � � � � � � � � � Y
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Privileged MREQ
Multi-Micro Request

Operation:

Flagg:

MREQ dst dst: R

Z � � �
if MI low (active) then S 0

MO forced high (inactive) 
else MO forced low (active)

repeat dst •*- dst -  � until dst = ��
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.

S flag Z flag MO Indicates

� � high Request not signalled 
(resource not available)

� � high Request not granted 
(resource not available)

� � 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
D: Unaffected
H: Unaffected
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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.

Assembler Language 
Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

MSET 5 5| 01111011 | 00001000 | | 01111011 | 00001000 |

Example: MSET !CPU controlled resource not available!
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�- 3� 3� 3� %4%�K�3O�%4%K3O�%4%�K�3O�
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- �4 �4 �4 &� &� &�
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�- �4 �4 �4 &� &� &�

�$ �� %� %% &� &% &,
A %� %� %& &% &% &/
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Example:

MULT
Multiply

If 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.

99



��>
�#"��#

��>� ���� ���=� -9� �-9� �$9� A
��>+

��������	4 ���� ���

&����4

�!#� ����#���� �.� �!#� �#���������� ��#� �#"��#�9� �!��� ��9� �#+���#��6�� ���� �8�<�� ���+�#;
�#��� 7���#�� ���#� �!��� Z4���� .��� ��I� ���� Z4�� .��� ��I)� ��#� �#+���#�� 6��
�!#��#�7#�� ����#� ��� �8�<�� ���+�#�#��� �#+�#�#�������� �!#� �#"���7#� ���6#��8��!�
"�#��#��� ��"�����#� !��� ���+�����7#� �����#�+���J� .��� �!#�#� �8�� ���#�9� �!#�H� .��"� ��� �#��

�4� (�#��#�� �.� �!�� �#����� ��� E#��J� �#�� ��!#�8��#9� 8!��!� �������#�� �� N6����8N
14� �#�� �.� �!#� �#����� ���E#��J� ��#��#�� ��!#�8��#�
�4� �#�� �.� �!#� �#����� ��� �#"���7#J� ��#��#�� ��!#�8��#
54� �#�� �.� �!#� �#����� ��� Z4���� .��� ��I9� ��� Z4�� .��� ��I)=� ��#��#�� ��!#�8��#�
/4� ���..#��#�� :
64� ���..#��#�

�#���������
$���#����"

*��#
$��#�6�#�� ���"��"#�

����� 

����#"�#��#�� *��#

������������ ������ (���#�

�#"�#��#�� *��#

������������ ������ (���#�

!4

�!4

/�4

��I� -��
��I)� -6�

��I� \-���
��I)� \-��

��I� ����#���
��I)� ����#��

1 0 001 1 0 W Rd 0010

00 001 1 0 W Rd*0 001 0

0 1 0 0 1 1 0  W 0 0 0 0  0 0 1 0
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OR
Or

OR dst, src dst: R
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
Addressing

Mode
Assembler Language 

Syntax

R: OR Rd, Rs 
ORB Rbd, Rbs

IM: OR Rd, #data

ORB Rbd, #data

IR: OR Rd, @Rs! 
ORB Rbd, @Rs'

DA: OR Rd, address 
ORB Rbd, address

X: OR Rd, addr(Rs) 
ORB Rbd, addr(Rs)

Nonsegmented Mode

Instruction Format Cycles

Segmented Mode

Instruction Format Cycles

11 0 0 0 0 1  0 W' Rs Rd

0 0 0 0 0 1 0 1 0 0 0 0  Rd

0 0 1 0 0 0 1  00 0 0 0 0 | Rd

data data

| o o | o Q � � o|w| Rs*0  | Rd |

��  |o �  �  � o|w| ����  | Rd

address

� l| o � � � o|w| Rs*0 | Rd

address

1 0 0 0 0 1  0 W Rs Rd

0 0 0 0 0 1 0 1 0 0 0 0  Rd

0 0 1 0 0 0 1  00 0 0 0 0 | Rd

data data

00 0 0 0 1 0  W Rs*0  Rd

10

SS

SL

SS

SL

o i | o o o i o | w 0 0 0 0 | Rd

0 1 segment offset

�  � |o �  �  � o | w 0 0 0 0 | Rd

1 segment 0 0 0 0  0 0 0 0

offset

�  � |o �  �  � o | w Rs*0  | Rd

0 1 segment offset

��  |o o o � o | w Rs*0  | Rd

1 | segment 0 0 0 0  0 0 0 0

address

��

��

��

1 3
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Privileged OTDR (SOTDR)
(Special), Output, Decrement and Repeat

Example: In nonsegmented mode, if register R ll contains %0FFF, register R12 contains 
%B006, and R13 contains 6, the instruction

OTDR @R11, @R12, R13
will output the string of words from locations %B006 to %AFFC (in descending 
order of address) to port %0FFF. R12 will contain °/oAFFA, and R13 will contain 0. 
R ll will not be affected. The V flag will be set. In segmented mode, R12 would be 
replaced by a register pair.

Note 1: W ord  register in n onsegm ented  m ode, register p air in segm ented  m ode. 

Note 2 : n = num ber of data elem ents transferred .
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�!4 	��-� \-�9� \-��9� ��
	��-)� \-�9� \-�6� ��
�	��-� \-�9� \-��9� ��
�	��-)� \-�9� \-��9� �

0 0 1  1 1 0 1  |w Rs * 0 001 S
0 0 0 0  r Rd * 0 0 0 0 0

0 0 1 1 1 0 1  |w R* * 0 001 S

0 0 0 0  r Rd * 0 0 0 0 0
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OUT (SOUT) Privileged
(Special) Output

OUT dst, src 
OUTB
SOUT dst( src 
SOUTB

dst: IR, DA 
src: R
dst: DA 
src: R

Operation: dst src

Flags:

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 I/O operation.

No flags affected.

Destination
Addressing

Mode
Assembler Language 

Syntax

Nonsegmented Mode Segmented Mode

Instruction Format Cycles Instruction Format Cycles

IR: OUT d*Rd, Rs 
OUTB <&'Rd, Rbs

OUT port, Rs 
OUTB port, Rbs 
SOUT port, Rs 
SOUTB port, Rbs

1I 0 0 1 1  1 1 1 |w|Rd* 0 Rs 1 10 II 0 0 1 1 1 1 1  Iw|R d * 0 Rs I 10

DA: 0 0 1 1 1 0 1  |w] Rs |01 I S
12 0 0 1 1 1 0  1 | w| Rs |0 1 1 S 12

port port

Example: If register R�  contains %5252, the instruction
OUT % � 120, R�

will output the value %5252 to the port %1120.
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Clock Cycles

Mnemonics Operands Addr. Word, Byte Long Word Operation
Modes NS SS SL NS SS SL

SOTDR* dst,src,R IR (11 + 10 n) Special Output, Deer, and Repeat
SOTDRB* dst — sre

Autodecrement sre address 
R — R -  1 
Repeat until R = 0

SOTIR* dst,src(R R (11 + 10 n) Special Output, Incr. and Repeat
SOTIRB* dst — sre

Autoincrement sre address 
R -  R -  1 
Repeat until R = 0

SOUT* dst,src DA 12 12 12 Special Output
SOUTB* dst — sre ‘

SOUTD* dst,sre,R IR 21 Special Output and Decrement
SOUTDB* dst ■— sre

Autodecrement sre address 
R -  R -  1 .

SOUTI* dst,src,R IR 21 Special Output and Increment
SOUTIB* dst — sre

Autoincrement sre address 
R — R -  1

SRA dst,n R (13 + 3 n) (13 + 3 n) Shift Right Arithmetic
SRAB
SRAL

by n bits

SRL dst,n R (13 + 3 n) (13 + 3 n) 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 -  sre
SUBL IR 7 14

DA 9 10 12 15 16 18
X 10 10 13 16 16 19

TCC cc,dst R 5 5 5 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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(��+��#� �����"9� �#��#�#��9� ���� -#+#�� ('��- )9� F �- I9� 59� �9� H
(��+��#� �����"� ���� ����#�#�� ('�� )9� F �- (9� 59� �9� H
(��+��#� �����"9� ����#�#��9� ���� -#+#�� ('��- )9� F �- (9� 59� �9� H
����� ���� �#��#�#�� ��� )9� F �- H
����9� �#��#�#��9� ���� -#+#�� ���- )9� F �- H
����� ���� ����#�#�� ��� )9� F �- H
����9� ����#�#��9� ���� -#+#�� ���- )9� F �- H
��������#� ���� �#��#�#�� �-�) ) �- 59� H
��������#9� �#��#�#��9� ���� -#+#�� �-�-) ) �- *+� �
��������#� ���� ����#�#�� �-�) ) �- *+� �
��������#9� ����#�#��9� ���� -#+#�� �-�-) ) �- *+� �
��������#9� �#��9� ���� �#��#�#�� �-��) ) �- *+� �
��������#9� �#��9� �#��#�#��9� -#+#�� �-��-) ) �- )*�H
��������#9� �#��9� ���� ����#�#�� �-��) ) �- 59� H
��������#9� �#��9� ����#�#��9� ���� -#+#�� �-��-) ) �- *+� �

��.� ��	����� �	��������	�
(��+�#�#��� ���"� � (	*��I X X (%9� 5%9� �%9� '%9�+�� �
����6�#� ���#���+� �� X X X
���6�#� ���#���+� �� X X
D��� D$�� X X X
����� (������� -#"���#�� ?.���� �#"���#�@ ��(�� X - (%9� 5%9� �%9� '%9� �%9� D%
����� (������� -#"���#�� ?��� �#"���#�@ ��(�� � X X
����� '��"���� ������ ��'� X �-9� �$9� A (9� 59� �9� '9� �9� D
*����:)��� �#�� *)�� X X ,
*����:*����� -#C�#�� *-�P X X )*�,
*����:*����� -#�#� *-�� X X X
*����:*����� �#� *��� X X X
��� 	+#������ �	' X X X
-#�#�� ���" -����I X X (%9� 5%9� �%9� '%9� H%
�#�� ���" �����I X X (%9� 5%9� �%9� '%9� H%

��� & �� � � � ""� � ��% � �	 �' � "� �� 0 ' �� � � � � � � � � � 	 �

D �� & �� � � � �%�"��%� �	 �' � �"� � � � � �" ��% � 0' � �* � � � 	 � �� � � ��� 	 �
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Topical Index (Continued)

Instruction Description Mnemonic
Data

Types
Addressing

Modes
Flags

Affected

Input/Output Instructions3
Input (S)IN3 B, W

Regular Special
IR, DA (DA)

Input and Decrement (S)IND3 B, W IR (IR) V
Input, Decrement and Repeat (S)INDR3 B, W IR (IR) V
Input and Increment (S)INI3 B, W IR (IR) V
Input, Increment, and Repeat (S)INIR3 B, W IR (IR) V
Output (S)OUT3 B, W IR, DA (DA) —

Output and Decrement . (S)OUTD3 B, W IR (IR) V
Output, Decrement, and Repeat (S)OUTDR3 B, W IR (IR) V
Output and Increment (S)OUTI3 B, W IR (IR) V
Output, Increment, and Repeat (S)OUTIR3 B, W IR (IR) V

Logical Instructions
And AND B, W R, IM, IR, DA, X z, S, 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 z, 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 DJNZ B, W RA —

Interrupt Return IRET — — C, Z, S, P, D, H
Jump JP — IR, DA, X —

Jump Relative JR — 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, Z, S, V
Rotate Left Digit RLDB B ' R z, s
Rotate Right RR B, W R C, Z, S,\V
Rotate Right Through Carry RRC B, W R c ,  z, s/v
Rotate Right Digit RRDB B R z, s
Shift Dynamic Arithmetic SDA B, W, L R C, Z, S, V
Shift Dynamic Logical SDL B, W, L R C, Z, S, V
Shift Left Arithmetic SLA B, W, L R C, Z, S, V
Shift Left Logical SLL B, W, L R C, Z, S, V
Shift Right Arithmetic SRA B, W, L R C, Z, S, V
Shift Right Logical SRL B, W, L R C, Z, S, V

3. Each I/O  instruction has a Special counterpart used to alert other devices that a Special I/O  transaction is occur­
ring. The Special I/O  mnemonic is S + Regular mnemonic. Refer to section 6.2.8 for further details.
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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 Z = 0 1110
C Carry C = 1 0111
NC No carry 0  = 0 mi
PL Plus S = 0 1101
MI Minus S = 1 0101
NE Not equal Z = 0 1110
EQ Equal Z = 1 0110
OV Overflow V = 1 0100
NOV No overflow V = 0 1100
PE Parity even p = 1 0100
PO Parity odd P = 0 1100
GE Greater than 

or equal
(S XOR V) = 0 1001

LT Less than (S XOR V) = 1 0001
GT Greater than (Z OR (S XOR V)) = 0 1010
LE Less than or 

equal
(Z OR (S XOR V)) = 1 0010

UGE Unsigned 
greater than 
or equal

O n o mi
ULT Unsigned 

less than
C = 1 0111

UGT Unsigned 
greater than

((C =0) AND (Z = 0)) = 1 ion
ULE Unsigned less 

than or equal
(C OR Z) = 1 0011

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 .f Z-EQ, NZ-NE, 
NC-UGE, PE-OV, PO-NOV.

‘ Presently not implemented in PLZ/ASM Z8000 compiler.

7 6 5 4 3 2__ 1 __ 0

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

Address n

1 I 1...- 1 .  -  J— l„ l, I .1

Address n (even) Address n + 1
J  ̂ t UPPER BYTE , | , LOWER BYTE

BITS IN A BYTE

BITS IN A WORD

BYTE

WORD

Address n Address n + 1
I UPPER WORD/UPPER BYTE I
I___l— J___I______I____I___ I____ I------ 1------1-------1--- 1_____ I------1-------1-----l_
Address n + 2_______________  Address n + 3

J LOWER WORD/LOWER BYTE 
■ ■__I______I____I___ I____ I------ 1------1-------1--- 1-------- 1------1-------1-----L.

Addressable Data Elements
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