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Machine Language is provided with a simple debug-
ging function for the microprocessor of the Z80
series. This enables high-speed processing and pro-
gramming of _particular input/output functions. This
program is supplied being recorded on a cassette tape,
just like BASIC, thus requiring the same loading
procédure as that of BASIC. (For loading procedure
of BASIC, refer to Manual “"BASIC MZ-80K" )

On completion of program loading, the range of Free
Area accessible by the user is outputted and a com-
mand will be waited for at the symbol *">"".

The photo at right shows the steps to this point.

Command

Contents

W (memory Write)

Writes hexadecimal data in succession from specified memory address.

M (Memory dump)

Displays or modifies data of specified memory block in hexadecimal notation.

B (Break point)

Sets the specified number of break points in specified memory address.

&

Clears all the break points {max. 9) set by B command.

G (Go)

Shifts CPU control to specified memory address.

A (Accumulator)

Displays or modifies the contents of F, A, B, C, D, E, H and L in hexadecimal notation.

C (Complementary)

Displays or modifies the contents of F’, A’, B’, C’, D’, E’, H and H’ in hexadecimal notation.

P (Program counter)

Displays or maodifies the contents of PC, SP, X, 1Y and | in hexadecimal notation.

R (Register)

Displays all the registers of A, C and P commands simultaneously in hexadecimal notation
(modification impossible).

X (TRANSfer)

Transfers specified memory block to specified address.

S (Save) Records and stores specified memory block with its file name.

V (Verify) Verifies the cassette file and memory block specified by the file name.

Y (Yank) Reads the cassette file specified by the file name into memory block.

# Prints the contents displayed on the CRT screen on the printer at the same time.

Shifts CPU control to monitor.

Command error is invalidated to wait for the next one.

In addressing by M, W, G, S or X command, data in any notation other than hexadecimal are invalidated.

Also CPU is in waiting condition until hexadecimal data corresponding to the command- are given.

Data in M, B, A, C or P command can be modified by means of cursor, but the data must be corresponding to one of

the command.

Areas other than Free Area are not accessible with M, W, B, X, S, V or Y command.

M, S, V or Y command can be executed intermittently by means of BREAK key.

When the break point set by B command becomes valid, R command is automatically executed.

The max. number of break points B command can set is 9. The number of appointments lies from O (same as clear of
break point) up to E (until the 14th execution is broken).



Memory map

The memory map composed when loading Machine Language is as follows.

0000

et
oo

2000

D0OOO

E0O0O

FFFF

 Monitor program (ROM)

Monitor stack and work area

SO
SO

<1260

- Machine Language

3 .

Free Area.

\\

{Video RAM area

(Hexadecimal address)
Machine Language programming

Programs prepared using Machine Language are divided into the following: Immediate execution type (closed program)
and BASIC link type (subroutine program).

To link to BASIC,
modify addresses
in commands such
as JP, CALL, as
required.

(Not necessary in
animmediate exe-
cution type pro-
gram)

!

Monitor program

MACHINE
LANGUAGE

»

Variety of terminal controls area

s

Monitor program

Immediate execution

by G command

FREE AREA(])

FREE AREA (II)

)
|
I
|
|
1
1
1

BASIC and text
required

Link by USR (X)
.+ Record by
S command L
>10.0

Cassette tape

Video RAM

Control of various
terminals

Load by LOAD
instruction in
BASIC

Video RAM

Control of various
terminals

Re-entry point (address 1260): an address where after execution
of Machine Language a command is waited without clearing of

= ( Free area (44K bytes on maxmal memory extension)
All memory is cleared ("’0” is written) when Machine Language
program is executed.

To load Machine
Language pro-
gram, ensure safe-
ty memory area
by LIMIT instruc-
tion.

y



Let us take a brief program in order to explain how to use commands in Machine Language. Byte size is 100-odd. On the
screen a UFO and a missile launching ramp are to be displayed. The UFO is supposed to be hit by a missile launched by
key-in operation. Below are shown how to prepare subroutines and data area, as well as how to use monitor subroutines.

To display on the CRT screen, store
character code in video RAM address
corresponding to the position of the
element to be shown on the screen.
The address are numbered from D000
(Hex) (top left of the screen) to D3E7
(bottom right).

By keying-in the

/11 12
.

launched with firing sound.

missile s

Pressing key ‘2’ after the UFO has
been shot down provides wait condi-
tion of Machine language command.

In the main program, two subroutines are
to Manual “MZ-80 BASIC.”

Flowchart of training program

Clear the screen.

Display a UFO and
a missile lanching (CALL
ramp TMDLY

Is key
1" pressed?

Subroutine
(CALL BANG)

CALL
TMDLY

NO Does the
missile hit

the UFO?

Subroutine
(CALL BAND)

T

Is key 2"
pressed?

Machine
Language

) .

Subroutine TMDLY

DE < 0A00

NO

DE decrement

YES

m

Subroutine BANG

Start }

NO

Set initial value of frequency
dividing ratio in addresses
11A1 and 11A2.

|

Subroutine CALL
Monitor 0044H

v

Increment frequency
dividing ratio.

!

Does frequency
dividing ratio become
0EQO (final)?

ready and monitor subroutine is also being called. For video RAM address, refer




Below is shown a training program assembled according to the Z80 statements. The object codes in the table are in
absolute form, 5EQO being the initial address of this program. For these codes to be used unchanged, it is necessary to

designate the start address to 5EQOQ in order to write the program by W command.

(OR1
02
03
04
05
06
o7
08
09
10
131
i
13
14
15
16
17
18
19
20
21
22
R3
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

5E00
SyHer
5E05
5E07
5EO0A
5E0B
5E0C
5EO0D
5EORE
5K10
5E13
5E15
5E18
5E1A
5E1C
5E1F
S5ERR
5E24
5ER7
5E29
S5ERC
S5ERE
S5ERF
5HE31
5E33
5E36
5E38
5E3B
5E3D
5E3F
S5E4R2
5E45
5E46
5E47
5E48
5H4A
5E4B
5E4C
5E4F
5E53
S5E56
5E57
5E58
S5EDA
5E5C
5ESF
S5E60
5E61
5E63
5E64
5E66
5E67
5E69
S5EG6A
5E6C

5E6D

5E6F
5E70

SHARP Z80 ASSEMBLER

3E16
CD1R200
060A
R1615E
5E

23

56

23
EDAO
CD4R5E
10F5
CD1BOO
FE31
20F9
CD4BSE
216AD2
3635
CD425E
3600
112800
ED52
7B
FPECY
RO0EF
CD4B5E
3600
CD1B0OO
FPE32
20F9
C36012
11000A
1B

7A

B3
ROFB
c9

Eb5 BANG :
016400
ED43A111
CD4400
03

78

FEOE
R0F3
CD4700
E1

C9

02D1

c7

92D2

EC

B9DR

4B

BAD2

43

BBD2

4D

DATA':

TMDLY -

LD
CALL
LD
LD
LD
INC
LD
INC
LDI
CALL
DJINZ
CALL
CP
JR
CALL
LD
LD
CALL
LD
LD
SBC
LD
CcpP
JR
CALL
LD
CALL

CP

JR
JP
LD
DEC
LD
OR
JR
RET
PUSH
LD
LD
CALL
INC
LD
cP
JR
CALL
POP
RET
DEFW
DEFB
DEFW
DEFB
DEFW
DEFB
DEFW
DEFB
DEFW
DEFB
END

‘001BH

A, 16H ]
0O0l12H

B, OAH
HL, DATA
E, (HL)
HL

D, (HL)
HL

TMDLY
_9 ;
001BH
31H
NZ, —5
BANG ]
HL, D26AH
(HL), 35H
TMDLY

(HL), O0OH

DE, 0028H

HIL. DE

A, (HL)

C7H

NZ, —15
BANG

(HL), 00H

|

_

32H

NZ, =5
1260H
DE. OAOOH
DE

A, D

B

NZ, =3

|

HL
BC, 0064H
(11A1H), BC
0044H

BC

A, B

OEH

Nz, —11
0047H

HL

D102H
C7H
D292H
ECH
D2B9H
4EH
D2BAH
43H
D2BBH
4DH

Place clear code 16 (Hex)to Acc. and clear
the screen by CALL 0012H.

Read data and transfer display code to video
RAM.

Key-in waited. By pressing key ‘1"’ (code:
31 Hex) the missile is launched.

Emitting firing sound, the missile goes up
to the UFO,

The missile destroys the UFO with destroy-
ing sound.

Key-in waited. By pressing key 2"" {code:
32 Hex), the following command of Ma-
chine Language is waited for.

Time delay subroutine Input OADO (Hex)
in DE register and consume time until
repeated decrement results in O.

Firing and destroying sounds subroutine.
Store frequency dividing ratio 0064 (Hex) =
100 in monitor work areas 11A1 and 11A2
(Hex). At CALL 0044H a sound of 2MHz/
100 = 20 kHz is given. Then increment
repeatedly frequency dividing ratio. Sounds
which are changed from treble to bass are
produced. The sound stops by CALL 0047H.
Furthermore, PUSH HL and POP HL are
arranged for protection of HL register.

These data are for displaying five characters
as to the UFO and missile launching ramp
on the CRT screen. Each of them is
composed of videoo RAM address and
character codes. -

n



Application of commands

W command

2000 01 23 45 67 89 AB CD EF
2008 FE [CR]

>

(1) Give W (memory Write) command after the command wait ** > o,

(2) The system displays one space and is in waiting condition for the next key-in.

(3) Hexadecimal address given is displayed. Key-in of data is waited.

(4) After 8 pieces of hexadecimal data are given, the system automatically displays the next address and the
following key-in of data is waited.

(5) After inputting necessary data, the wait condition for the next command is returned by means of key.

® |tisimpossible to write in any area other than free area.
>W 1000
1000

777 (}#Address 1000 is not in free area)

® Command format is not correct (or when input of the command is desired to be suspended).

>W 20 C#Give while inputting the command.)
INVALID '

K4
a

) ) . . SEGS 6 CD HE 086 BA
In the photo at right is shown a written training program. REGE 6 & DA
(For further explanation of other commands, write as shown :g‘f ) = E 3 ’ b
. - el i
in the photo.) oE28. 6A D = }
oE 28 BB & 86 D
%) M ] ) 4 H =iz
> o ) B MY % -
b 4Y Y fEEEils B BB
ot 48 % H < H b 219
ot H ) el B
SESS % % D 4 B
oE6H g. 82 T 92 . D :
5E6E. D2 4E BA DZ 43 BE D2 4

By utilizing cursor key as photographed at left, one byte
is shifted down, facilitating correction of mistyping. When
displacement e such as JR, DJNZ commands, etc. is to be
specified, the system is in waiting condition for hexadecimal
4-digit key-in by inputting a period “*.”". Then a branch address
may be directly specified instead of e. The system calculates
displacement e automatically from the address and stores it
into a required address.

(') anfan




M command |

® To display data in a specified memory block in hexadecimal notation.
® To modify displayed data by cursor operation.

Y R

. %

>M 2000 200F
2000 01 23 45 67 89 AB CD EF
2008 FE 00 00 0O 00O 00O 00 00O
t

(1) Give M (Memory dump) command after > "',

(2) The system displays one space and is in waiting condition for start address key-in.

(3) By giving start address on hexadecimal 4-digit basis, an end address is waited.

(4) After hexadecimal 4-digit end address is given, the system displays data of the specified block hexadecimally,
and stands allowing cursor operation.

(5) To modify “00" indicated with an arrow to “DC"’, shift the cursor up to the arrow position and input ““DC”.
By keying}-in of [CR], thereafter, the cursor is returned to B position.

(6) When the cursor is infll position, key-in of provides wait state of the next command.

® Any data in any area other than free area cannot be displayed.
>M 1100 1107 '
1100

2?2 9? <:(Address 1100 is not in free area)

® The end address to be displayed must be equivalent to or larger than the start address.
>M 2100 2000
2

® Command format is not correct (or when command input
is disired to be suspended).

>M 200 <,"‘_—<Give while inputting comma@
INVALID

Provide “BREAK’’ in displayed memory block by means of

SEQE 3
[SHIFT] + [BREAK], and command wait state is resumed. =SER0 = on a6 BE. OF
Or input address or data other than hexadecimal ones by : is .’ 2 = : ,

H . S -
cursor operation, “ERROR’ is displayed and the system is gy: & E6 T
returned to command wait state. BREAK :
i ubu
L1 - b z £ A
s 3
ERAR

D

ALY

L5

.



i
|
{
i
%?

B command

® To execute instructions the number of times specified in the break counter up to that preceding the address
set by the break address. i

@ The maximum number of break points is 9, and the greatest break counter is ““E’* (14 times).

@ The break points displayed can be modified by cursor operation.

Luis a space symbol. Input space and distinguish two numbers.

20041 QZILBe sure to specify operation code address as break address)
B
(1) Give B (Break point) command in wait state after ** >
(2) The system displays the break point presently being set and is in wait state for key-in of break condition.
(3) Break address: hexadecimal 4-digit. Give 1 thru E in break counter and key in 5
(4) Start a new line and wait for an input. Up to 9 points can be set as required.
(5) When the cursor is inEposition, key-in of provides wait state of the next command.

1

® Non-existing break point is attempted to be cleared.

>B - .
ADDR COUNT
30000
7?77 Q#Break count “'0" implies that break point is cIearedJ

® No break point can be set in DJNZ instruction.
>B

ADDR COUNT

21001

DJNZ?
® No break point can be set in RST7 instruction.
>B

ADDR COUNT

210F. A

RST 77
@ Qver 9 break points are attempted to be set.
>B

ADDR COUNT

20041

210D..1 <';::(Not received because the number of break points exceeds QJ
OVER

@ No break point can be set in program counter stack instruction such as CALL instruction. (If check of CALL
instruction is desired, a break point is supposed to be set at the destination address of CALL.)

>B
ADDR COUNT
5E0 2.1

CALL?




& command

® To clear all the break points being set.

ey
> &
(1) Give & cornmand after > ",
(2) Return to wait state of the following command.

The right photo shows a case where the break point of address ADDR-CO

BEOQOD is to be changed to address 5E02, ("’BE02" displayed in ‘

central B command has been changed from “5EQD"’ by cursor B DR

operation.) In this case, a new break point has been set in 6 v

address 5E02, in addition to BEOD. (Notice the arrangement 2

in the photo.) ADDR 0
e
>EBD

At right is shown a case where the break point of address
5EQOD has been cleared.

IS - % (write down training program in memory.)

The right photo gives a case where execution starts by G
command (see next page) and is broken at address 5E33.
The system autoamtically displays the contents of each register
and counter at this point, and returns to command wait state.
(Set break points in other places so that change of each register
and counter be grasped from the conditions of break point and
training program flowchart.) ’

NIRRT ODGY

At right is given how to restart from the address once
interrupted by a break point.

(For explanation of G command, see next page.)

By restarting by G command after clearing all break points by
& command the system is brought free from control of
Machine Language, and completely depends on its machine
language program.
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>G 2000

(1) Give G (Go) command after *“ > ",

(2) The system is in waiting condition for key-in of a start address for executing a program.

(3) By keying-in the start address on hexadecimal 4-digit basis, the system control is transferred to the address.

(4) Stopping of G command execution may be enabled either by the program or a break point.

(5) To restart from a break point, press following G command. In this case the break point being set remains.

® Start address must be given on hexadecimal 4-digit basis.

>G 200 [CR]
INVALID

The start address of the training program has been set to be
5E00. Thus input 5E00 by G command. On the CRT screen
shown at right, the program is executed from 5EQ05 and the
screen has not yet been cleared with

>G 5E05
being displayed.

{Note) When the program overruns, turn off the power switch
and resume from the beginning. In preparing a lengthy
program, therefore, it is recommended to put S
command prior to G command. This enables reading
from the tape by Y command, setting of break points
and debugging.




A command

@ To display the contents of main register set (2 sets of general purpose registers are provided in the Z80-CPU).
e Also to modify the contents of the register by means of cursor.

A F B C D E- H L
01 23 45 67 89 AB CD EF

(1) Give A (Accumulator) command after ** > "',

(2) Register name and its contents are lined up as shown above and the cursor appears.
(3) If required, do cursor contral to modify the register contents.

(4) By pressing CR , the next command is waited for,

® To correct, 2-digit number is to be put to the specified position. The following shows a data error.
> A

A. F B C D E H L
01 23 45 67189 AB CD EF

ERROR E(Zjigit number required |

C command

® To display and modify the contents of the complementary register set, which is one of the above general
purpose register set.

A’ F’ B c’ D’ E’ H’ L’
01 23 45 67 89 AB CD EF

(1) Give C (Complementary) command after > "',
(2) Follow the same steps as A command.

5 Examplet

The right photo shows displayed contents of the general
purpose registers by A and C commands.




P command |

#Function’

e To display the contents of the special purpose register set for the Z80-CPU. Also to modify those contents by
cursor control.

B€ sP IX 1Y I
0123 4567 89AB CDEF 01
|

(1) By giving P (Program counter) command are displayed the contents of the following special purpose registers;
program counter (PC), stack pointer (SP), index registers (IX and 1Y), and interrupt page address register (I).
The cursor is also displayed.

(2) Modification, if required, may be added by cursor control.

® Like error in A command and C command, modification in which the number of digits of the newly given
contents is not equal to that of the previous contents causes data error.

| R command

@ To display the contents of all Z80-CPU registers. However, modification of the contents is impossible.

>R
A F B C D E H L
01 23 45 67 89 AB CD EF
A F B C D’ E H’ L
01 23 45 67 89 AB CD EF
PC Sk IX 1Yy I
0123 4567 89AB CDEF 01
>

By giving R (Register) command, the register contents as shown above are displayed, and the next command is
waited.

The right photo shows the contents of special purpose registers
and those of all registers displayed on the CRT screen by
giving P command and R command, respectively.




X command

@ To transfer a specified memory biock to other memory area.

>X
FROM? 2000 TO? 21FF TOP? 3000

(1) Give X (memory TRANSfer) command after ** > .

(2) After displaying of “FROM?", the system is in waiting condition for an initial address of transfer memory
block.

(3) Being given the initial address on hexadecimal 4-digit basis, the system displays “TO?"" and is in waiting
condition for an end address of transfer memory block.

(4) Being given the end address on hexadecimal 4-digit basis, the system displays “TOP?" and is in waiting
condition for an initial address of the counter-area.

{5) After the address of counter-area given on hexadecimal 4-digit basis, the specified memory block is transferred
and the next command is waited.

® Transfer is performed only in memory area of free area.
>X

FROM? 2000 TO? 2FFF TOP? DO0O0O
7?77

(Address DOO0O is not in free area.

® Command format is not appropriate (or when inputting of command is desired to be suspended).

> X
FROM? 2000 TO? 2_, @@vewhile inputting commana
INVALID

At right is shown an execution in which data is written from
address 2000 to address 2006, address 3000 thru 3006 are
cleared, and then X command is given. Note that the transfer

as shown below is also accessible. '_*;jv}gaegaga BG 88 BB BB BVB BB :
jFseiis s enpus il | FROM? 2808 T0’> 2886 TOP" BBB
24 3688:3 89 S 3 ;

JL & s geee ee

When the end address of memory block to be transferred is
smaller than the initial address, the system is returned to
waiting condition for key-in of the initial address. In case the
end address is the same as initial address, only one byte is
transferred.

13
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- S command

@ To record and store a specified block in the in-memory machine language program in a cassette tabe together
with its file name. :

FILENAME ? ABC [CR]
FROM? 2000 TO? 3000
4 RECORD:-PLAY
WRITING ABC

OK (or ERROR)

(1) Give S (Save) command after ” > ", .

(2) The system displays “FILENAME?'" and is in waiting condition for key-in of the file name.

(3) Input the name and press .

(4) Then the system displays “FROM?” and is in waiting condition for key-in of the initial address of memory
block to be recorded.

(5) Being given the initial address on hexadecimal 4-digit basis, the system displays “TO?"" and is in waiting
condition for key-in of the end address of memory block to be recorded.

(6) After the end address given on hexadecimal 4-digit basis, an instruction is given to press RECORD and PLAY
buttons of cassette tape recorder.

(7) Pushing of these buttons gives on-record indication. After complete recording, “OK’" is displayed. If an
error occurs halfway, “ERROR’’ appears.

(8) To suspend execution of S command, press )

® Memory block only in freé area is executed by S command.
>S

FILENAME ? ABC [CR]

FROM? 1000

?797? <;:/\Error display when specified outside free areg

>

® The initial address must be smaller than the end address.
> S
FILENAME ? ABC
FROM? 3000 TO? 2000
FROM? C:@m initial and end addresses are inquired agaia

The right photo shows procedure to store the contents of
memory block from address 2000 to address 3000 into a
cassette tape together with the file name “ABC"".




V command

@ To verify whether or not the file contents stored in the cassette tape are equal to those of the memory block
corresponding to the address.

>V
FILENAME?ABC

¥ rPLAY
FOUND ABC FROM XXXX TO YYYY
VERIFYING ABC
OK (or ERROR)

>

(1) Give V (Verify) command after "' > "',

(2) The system displays “FILENAME?’" and is in waiting condition for the file name to be verified.

(3) After the file name is inputted and is pressed, an instruction is given to push PLAY button.

(4) Verification indication appears. When verified to be equal, “OK'" is indicated, while any error causes to
display “ERROR".

(5) To suspend execution of V command, press .

® \When the contents of cassette tape and those of memory block corresponding to the address are different,
“ERROR’ appears.

At right are shown indications when V command is executed
to cassette tape file with its name of ““ABC” and to memory
block. When both are verified to be equal, “OK"” is displayed
as described above and if any difference found, “ERROR" is
displayed.




l Y command ]

® To read a file stored on the cassette tape and load it into a memory.
~ By specifying the predetermined file name, the particular file can be loaded.

FILENAME?ABC
+ PLAY
FOUND ABC FROM XXXX TO YYYY

LOADING ABC
O K (or ERROR)

(1) Give Y (Yank) command after " > "',

(2) The system displays “FILENAME?"" and is in waiting condition for the file name to be read.

(3) After the file name is inputted and is pressed, an instruction is given to push PLAY button.

(4) By pushing PLAY button, the specified file is found and read. When the file name is not specified, the file
first found is read. The file is loaded in memory and it is stored in the memory block from the initial address

to the end address specified at saving.

(5) To suspend Y command, press | BREAK].

® When any error occurs during reading, “ERROR’’ appears.

At right is shown an example in which after one Y command
for file name “ABC’”, another Y command for file name
“"DEF" is executed.

File ““ABC" is loaded to addresses 2000 thru 2FFF and file
“DEF”" to 4000 thru 40FF. (The address to load is determined

at the time of saving.)




# command |

® To print on a option printer at the same time as displaying on the CRT screen.
>

Every setting of $# command reverses printer mode.

When starting Machine Language, the printer mode is reset. A 3 command then enables change-over to printer
mode, and the subsequent outputs are represented both on the CRT screen and the printer. Another # command
resets printer mode allowing to display on the CRT screen only.

e NO POWER OR NO CONNECTION (PRINTER)

Indicates that printer power source is turned OFF or the printer is disconnected from the system.
® ALARM (PRINTER)

Indicates that abnormality such as paper jamming, etc. has occurred in printer mechanism.
e PAPER EMPTY (PRINTER)

Indicates that the printer paper needs replacing.

Only in case of execution of M command, *M SEQE SE&F
CRT screen disolay and printer printing form SE@® 3JE 16 CD 12 €8 06 @A 21 &1 SE SE 23 56 23 ED
; Py oHo B printing oM - wry @ cp 42 SE 109 FS CD 1B 99 FE 31 2@ F2 CD 4B SE
are different. On the CRT screen 8 bytes of =gz em 02 35 35 0 42 SE 36 @9 11 25 68 ED 52 7E
data are displayed in one line, while 16 bytes SEZ® (7 268 EF CD 4B SE 35 &9 CD 1B @3 FE 32 26 F9
. ) ) i SE48  £8 12 11 8@ @A 1B 7A E3 28 FB C9 ES 01 €4 o8
are printed in one line of the printer. SES@ 43 Al 11 CD 44 08 63 72 FE 9E 20 F3 CD 47 08
SEES (9 82 D1 C7 92 D2 EC E? D2 4E EA D2 43 BB D2

lcommand

ARG
21
FE
C3
ED

40D

2 §
By giving | command after > ", the control is immediately returned to the monitor. To return to Machine
Language, there are the following two manners.

e<GOTO0$1200
Clear free area and return the stack to its initial state.

exGOTOS$1260 [CR]

Keep free area and return to command wait state. _ 3




A machine language program by this system can be linked to a BASIC program. The version numbers of BASIC to be
linked, however, are limited to SP-5010 or after.
The photos below explain a typical method of linking to BASIC program.

LEEQ ﬁINING PRO
;'gganlus TRﬂININGRngggﬂH

k- 18 USR (2469

Photo 1 . Photo 2 Photo 3

“LIMIT 24063" is placed in order to ensure safety memory area where the training program is executed starting with
address 5EQQ (24064 in decimal number system). “LIMIT 24063" also limits the greatest memory address used in BASIC
to 24063 (address GDEF in hexadecimal number system). Photo 4 shows those loaded after tentatively maximizing BASIC
usable area by means of “LIMIT MAX.” OVERLAY displayed here means that the addresses to be [oaded are in BASIC
area. Therefore error occur.

It should be noticed from Photo 3 that even if machine language program is loaded, BASIC text is never cleared. This is
a distinguishable point as compared to loading of BASIC text. '

Taking this advantage, another method may be brought forth so as to consecutively link a BASIC program to a few
machine language programs. As shown in Photos 5 and 6, the cassette tape can be automatically wound and stopped by
pressing PLAY button only once at the initial load. It is noted that the loading addresses of the three machine language
programs are same in the former, and not same in the latter.

It may become thus possible that more complicated programming of BASIC and machine language program could provide
linkage of BASIC conversational language and calculating functions with Machine Language high-speed processings and
input/output functions.

Photo 4 " Photo 5 Photo 6




Monitor command

The MZ-80 series has the following monitor commands; LOAD command to load saved object program, GOTOS command
to allow jumping to the initial address of program execution, SG command to emit sound as keying-in and SS command to

stop sound.
The cassette file maked by Machine Language system program can be loaded and executed by the monitor without Machine

Language.

>k LOAD

Instructs to load saved object program. The address to be loaded is related to an area predetermined in the file.
After complete loading of system programs such as BASIC, Machine Language, the system transfers the control to
the loaded program. It is, however, necessary to transfer the control as to machine language program by GOTO
command mentioned below.

< GOTO $ HHHH

Instructs to transfer the system control to hexadecimal address HHHH. Following the GOTOS command, input the
address represented in hexadecimal 4-digit numerals with keys,

Since load address of BASIC or Machine Language is 1200 (in dexadecimal number system), to execute “BYE’’ for
BASIC or “I"" for Mahcine Language and return the control to BASIC or Machine Language, key in GOTO$ 1200
. In this case text area of BASIC and free area of Machine Language are cleared.

> SG [CR]

Instructs to emit a beeptone each time keying-in for inputting.

>< 88

Instructs, contrary to SS command, to interrupt a beeptone when keying-in.

»

19



ACC <4 moderate
ACC < 7 the fastest

Subroutine : o Number of
Function Register st
(hexadecimal address) i oot stacks
CALL LETNL Starts a new line and set the cursor at the head of
(0006) the line. it hah AF 8
CALL PRINTS Displays one space at cursor position on the CRT
(000C) i Other than AF 13
Displays character corresponding to ACC data
CALL OPRNT (regarded ASCII code) in the cursor position on the Other than AF 13
(0012) CRT screen.
Displays messages from the cursor position on the
CALL MSG CRT screen. The initial address of the message should
(0015 be designated by DE register and its end mark must All registers 13
) be carriage return (0D in hexadecimal notation).
Carriage return is, however, not executed.
Takes ASCII code of one character to ACC using the
CALL GETKY key-board. Without keying-in, 0 is set in ACC.
(001B) Chattering by keying-in is, however, not prevented. Qaer than AF 2
Echo back is not done either.
Checks whether [SHIFT]and[BREAK]keys have been
EALL BRICEY pressed. If pressed, Z flag is set, and if not pressed, Other than AF 1
(001E) g
it is reset.
Inputs one line using the.keyboard (end mark is put
by carriage return).
® [nput data store address is set to DE register and
called. ’
CALL GETL e The» number of. input letters and numbers (incl. .
0003 carriage return) is 80 max. ; All registers 15
( ) ® [n keying-in, echo back is done and cursor opera-
tion is accessible.
® By pressing [SHIFT Jand [BREAK] keys, BREAK
code and carriage return code are set in the address
given by DE register and return to main routine.
Plays music data given by DE register. The end mark
of music data is carriage return (OD in hexadecimal
CAL:‘OO“QELDY notation) or B (C8 in hexadecimal notation). Other than AF 7
) It is, however, noted that if C flag is 0 when returning,
the performance has been completed, and if it is 1,
BREAK|key has been pressed in course of playing.
CAI(”(;‘OBBEE;LL Gives a mid-range tone “la"* (approx. 440 Hz). Other than AF 5
Changes the tempo. Tempo data (1 thru 7) is set to
ACC and called.
CAL(I(')OZ(I)EMP ACC < 1 the slowest All registers 4




Subroutine

(hexadecimal Function Register storage foumber ot
- address) el
Emits continuous sounds of specified frequency
dividing ratio. Of the ratio nn’ (binary), n” and n are
CAL(BO'XLS)TA stored in addresses 11A1 and 11A2, respectively, and Only BC and DE 3
they are called. The relation of frequency dividing
ratio to generated frequency is 2 MHz/nn’.
CALL MSTP s
(0047) Stops emitting sounds. Other than AF 1
Sets the built-in clock. (The clock starts to function
CALL TIMST by this call.) The call conditions are; 0
(0033) ACC < 0 [AM), ACC < 1 (PM), DE < number of e Hoig A 6
seconds represented in binary notation.
Reads indication of the built-in clock. The conditions
CALL TIMRD when returning are; Other than AF
(003B) ACC < 0 (AM), ACC < 1 (PM), DE < number of and DE .

seconds represented in binary notation.

Special display codes and ASCII codes

Key Display code ~ ASCII code
CURSOR C1 11
CURSOR C2 12
CURSOR C3 13
CURSOR C4 14
HOME Cb . 15
CLR C6 16
DEL C7 60
INST c8 ' 61
CAP C9 62
SML CA 63
BREAK CB 64
CR CD 66

Example C3DEFGABRIOC2DEFGAB

Address given by DE registeg

Also tempo data is represented in binary codes of 1 thru 7.

For music data, like those in BASIC Manual, ASCII codes shall be assigned in the order of musical interval and tone.



~ -

Below is shown a somewhat complicated sample program using
Machine Language. This program data having about 4600 bytes
are stored beginning at address 2000, and the program is
executed from this address. The program is interrupted with
[SHIFT | and [BREAK] keys, and Machine Language is taken
back. However, this procedure is valid only just before
repeating of the program.
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Z80 CPU flags

The flag register (F and F’) are provided so that the programmer be able to check CPU status at any time.
The bit arrangement of each flag is:

7 6 5 4 3 2 1 0
S|Z|X|H|XE{N|C

C: . Carry flag Z: Zero flag
N:  Add/subtract flag Se Sign flag

P/V: Parity/overflow flag X: Unused
H: Half-carry flag :

These flags are set or reset by CPU operations.
C, P/V, Z, and S can be verified by the programmer using instructions such as conditional jump, call, etc., while H and N
employed in BCD arithmetic operation are not able to be directly checked.

Carry flag C

Setting and resetting of the carry flag depends on arithmetic operations to be executed.

The carry flag is set when carry or borrow takes place in ADD instruction or SUB instruction, respectively. Without any
carry or borrow, the carry flag is reset. ]

When the conditions for decimal adjustment are met, DAA instruction sets the carry flag.

In PLA, RRA, RL, and RR instructions, the carry flag is included as a bit in the link.

In RLCA, RLC, and SLA instructions, a contents of bit 7 of register and memory location are shifted to the carry flag
and remains there.

In RRCA, RRC, SRA, and SRL instructions, 0-bit contents of any register or memory location are shifted to the carry
flag.

The carry flag is reset by AND, OR, or XOR command.

It is also set by SCF instruction and reversed by CCF instruction.

Add/subtract flag N

This flag is used for execution of DAA instruction.
It is set to 0" by ADD instruction and to /1"’ by SUB instruction.

Parity/overflow flag P/V

This flag is set due to an overflow caused when result of an arithmetic operation to be stored in the accumulator is less
than —128 or more than +127.
Described here are conditions for this flag to be set or reset.

1) When adding numbers of different signs: Reset.

2) When addition of numbers of the same sign results in a number of the opposite sign: Set.

Example Decimal Binary
+120 = 0111 1000
+) +105 = 0110 1001
— 95 = 1110 0001 (Overflow)

3) When subtracting numbers of the same sign: Reset.



4} When subtracting numbers of different signs: Set or reset depending on how large each number is.
In the following case, the flag is reset.

Example Decimal Binary
+127 = 0111 1111
~— - 64 = 1100 0000
— 65 = 1011 1111 (Overflow)

oy

+1s flag is also used in checking the parity (the number of “1” bits in a byte) calculated in logical operation or rotate

woenand. When the sum of ““1° bits is odd, P = 0 {(odd parity), and if it is even, P = 1 (even parity).

¥ e executing search instructions (CPI, CPD, etc.) or block transfer instructions (LDI, LDD, etc.), this P/V flag monitors

#:¢ status of the byte counter (BC). When the byte counter is not 0", the flag is ““1"*, and when "*0”, it is also 0",

» executing LD A, 1 and LD A, R instructions, the contents of IFF2 (interrupt enable flip-flop 2) are transferred to this
“lag, by which the contents of IFF2 can be saved or tested. When reading bytes one by one from the /O device by

« =, (C) instruction, this P/V flag is set or reset according to data parity.

Half-carry flag H

. half-carry flag is set or reset depending on the carry or borrow status between bits 3 and 4 in an 8-bit arithmetic opera-
"%z flag is utilized for correction of results of packed BCD addition or subtraction by means of DAA command. If carry
« Lorrow exists, the flag is set ot 1", and if not, it is reset to 0.

ZeroflagZ

- Tme zero flag is set or reset depending on whether result of an execution by a instruction is O or not. When the contents of
#s¢ accumulator is 0 in a 8-bit arithmetic or logical operation, the flag is set to ““1”'. Otherwise, it is reset to ““0".
%% case value of the accumulator and that of the memory location specified by register pair HL are equal to each other,
¢ zero flag is set to **1”” in search instructions. .

&= bit test instruction, the complement of a specified bit is placed in this zero flag.

“= input/output instruction (IN1, IND, OUT!} and OUTD), when the number obtained by subtracting 1 from byte counter
# 0 (B—1=0), the zero flag is set, otherwise it is reset. Also, in IN r, (C) instruction, this flag is set when input data is Q.

SignflagS

The sign flag storeing the state of the most significant bit (bit 7) of the accumulator is employed in arithmetic operations.
~ Yor operations with signs, binary two’s complement notation is used, when the bit 7 is “0”, it is considered as positive,

#d when 1", negative.

fioth positive and negative numbers are given in 7 bits (0 ~127 or —1 ~ —128).

in reading data by input instruction (IN r, (C})), positiveness and negativeness of the data are set to the sign flag with 0"

and “1", respectively. )

Symbols concerning flags used in the Z80 instruction set
$ © Affected according to results.
® No change
0 To be reset
1 To be set .
X To be destroyed
A% To be set when overflowing, otherwise to be reset.
P To be set when parity is odd, otherwise to be reset.




Architecture of internal registers

The Z80 CPU internal registers are composed of 208-bit read/write memories. The architecture is as shown below.

Main register set Alternate register set

Accumulator Flag Accumulator Flag )
A F A E’
B C B’ C’
General
D E D’ B’ purpose
< register
H L H L’
L )
Interrupt Memory 1
/ vector refresh
register register
| R
Index register IX Special
purpose
Index register 1Y register
Stack pointer SP
Program counter PC
/

The CPU register architecture consists of general purpose registers and special purpose ones. The former has two sets of
registers; main and alternate. The contents of each set are interchangeable by swap instruction. Each of the two sets
is composed of an 8-bit accumulator, 8-bit flag register and 6 general-purpose registers (8-bit each). The general purpose
registers can be also used as 16-bit registers being paired (BC, DE and HL).

The interrupt vector register I {8 bits) of special purpose register group gives the upper 8 bits of interrupt service routine
indirect address when an interrupt occurs, and the lower 8 bits thereof are given from the interrupt device. The memory
refresh register R (7 bits) automatically generates an address for memory refresh when using a dynamic RAM as an
external memory.

Symbols concerning registers used in the Z80 instruction set

r,r’ . Any oné of the CPU internal registers A, B, C, D, E, Hand L
dd, pp, qq, rr, ss : Paired CPU internal registers
ii : Any one of the two index registers IX and I'Y
R : Refresh counter
d . 8-bit displacement used when locating memory with index registers.
dd : 16-bit memory location
e : Complement of 2 (—126 to 129) with signs in relative address mode
n : 8-bit data (0 to 255)

nn . 16-bit memory location (0 to 65535)




8-bit load group

" ) . . Flags Operation code NC;- Nf?\n f‘;"_‘; &
t
I e Z PIV| S 76 543 210 b;’tas c(;cles sgates bk
LD r,r r<r’ e | e 01 r r 1 1 4 r,r Register
LD r,n r<n ® | @ 00 r 110 2 2 7 000 B
< n - 001 (G4
LD r,(HL) r<(HL) oo 01 r 110 | 1 | 2 | 7 010 D
011 E
LD r,(IX+d) r<(IX+4d) ® | o 11 011 101 3 5 19 100 H
01 1;1110 101 L
111 A
LD r,(IY+d) r—(IY +d) |0 11 111 101 3 5 19
01 r 110
— d4 -
LD (HL),r (HL)<r e o 01 110 r 1 2 7
LD (IX+d),r (IX+d)<r ® | ® 11 011 101 3 5 19
01 110 r
— d -
LD (IY+d),r (Y +d)<r e ® 11 111 101 3 5 19
01 110 r
— d —
LD (HL),n (HL)<n ® | ® 00 110 110 2 3 10
— n —_
LD (IX+d),n (IX+d)<n e 0 11 011 101 4 5 19
00 110 110
«— d e
«— n —
LD (IY+d),n (IY +d)<n e | o 11 111 101 4 5 19
00 110 110
— d —
e n —
LD A,(BC) A<—(BC) LI 00 001 010 1 2 7
LD A,(DE) A<(DE) e o 00 011 010 1 2 7
LD A,(nn) A<(nn) e e 00 111 010 3 4 13
€ n -
& n —_
LD (BC),A (BC)<A L 00 000 010 1 2 7
LD (DE),A (DE)<A ele 00010010 [ 1 | 2 | 7
LD (nn),A (nn)<A e | o 00 110 010 3 4 13
L e n e d
L ad n —
LD Al A+l IFF2| § 11 101 101 2 2 9 [IFF2: Contents of interrupt
01 010 111 enable flip-flop 2
LD AR A<R IFF2| § 11 101 101 | 2 g 9 .
01 011 111
LD LA I<A LI 11 101 101 2 2 9
01 000 111
LD R,A R<A o | e 11 101 101 | 2 2 9
01 001 111

I



16-bit load group

M : o i Flags Operation code Nt:- ":C;w fio_l-_ p <
: e AL PV| S 76 543 210 b\?tas c’;cles sc':ates i e
LD dd,nn dd<nn LI 00 ddo 001 3 3 10 dd Register Pair
-n - 00 BC
S n —
01 DE
LD IX,nn IX<nn e| e 11 011 101 4 4 14
00 100 001 10 =
«— n - 11 SP
<« n —
LD IY,nn IY <nn | e 11 111 101 4 4 14
00 100 001
«— n —
«— n —
LD HL,(nn) He(nn+1) | o 00 101 010 3 5 16
L < (nn) ~— n —
«— pnp —
LD dd,(nn) dda<(nn+1) [ 11 101 101 4 6 20
ddy, < (nn) 01 dd1 011
«— n —
«— n —
LD IX,(nn) IXg<(nn+1) 9|0 11 011 101 4 6 20
IX{, <(nn) 00 101 010
<~ n —
«— n —
LD 1Y,(nn) IYg<(nn+1) ®| e 11 111 101 4 6 20
1Y, <(nn) 00 101 010
«— n —
“— n —>
LD (nn),HL (nn+1)<H | o 00 100 010 3 5 16
(nn)<L &=~ n =2
L ) n —ly
LD (nn),dd (nn+1)—ddy e e 11 101 101 4 6 20
(nn)<ddy, 01 ddo 011
€ n o
, Zaaanl n - .4
LD (nn),IX (nn+1)<IXy e e 11 011 101 4 6 20
(nn)<IX;, 00 100 010
ki n S ]
<« n -_—
LD (nn),IY (nn+1)<IYy e | o 11 111 101 4 6 20
(nn)<IYL 00 100 010
- Il w——y
e n -
LD SP,HL SP<HL | e 11 111 001 1 1 6
LD SP,IX SP<IX L 11 011 101 2 2 10
11 111 001
LD SP,IY SP<IY L] 11 111 101 2 2 10
11 111 001




- . o i Flags Operation code NC;- hﬁ\h '\;Cfr "
e el Z pv[s 76 543 210 | inces |cycies | sistas i e
PUSH qq (SP—2)«qq, e 6 11 qq0 101 1 3 11 qq Register Pair
(SP—1)<qqy 00 BC
PUSH IX (SP—2)«IXy el e 11 011 101 | 2 4 | 15 o1 DE
(SP—1)<IXy 11 100 101
! 10 HL
PUSH IY (SP—2)<IY o e 11 111 101 | 2 4 | 15
(SP—1)<IYq 11 100 101 1 AF
POP qq qqy < (SP+1) el e 11 qq0 001 1 3 | 10
qq; <(SP)
POP IX IXg<(SP+1) o o 11 011 101 | 2 4 | 14
IX{ <(SP) 11 100 001
POP IY IYg<(SP+1) oo 11 111 101 | 2 4 | 14
1Y <(SP) 11 100 001
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Exchange group, block transfer and search group

M - 0 # Flags Operation code Nl;- hif:w NfDT.' c .
emonic 2 eration ommen
: M z Vs 76 543 210 | bytes |oycles | states :
EX DE,HL ) DE< HL | o @ 11 101 011 1 1 4
EX AFAF AF <AF ® |0 0 00 001 000 1 1 4
EXX BC BC e o o 11 011 001 1 1 4 Exchanges the contents of a
DE |<|DE pair of registers and those of
, a pair of alternate registers.
HL HL
EX (SP),HL H<(SP+1) ® o o 11 100 011 1 5 19
L<{(SP) ’
EX (SP),IX IXy<(SP+1) @ 6| e 11 011 101 2 6 23
IX1, <(SP) 11 100 011
EX (SP),IY IYg<(SP+1) e 6|0 11 111 101 2 6 23
IY  <(SP) 11 100 011
@
LDI (DE)<(HL) e|t|e 11 101 101 2 4 16
DE<DE+1 10 100 000
HL<HL+1
BC—BC—1
LDIR (DE)<(HL) (0 |e 11 101 101 2 5 21 When BC=+0
DE<DE+1 10 110 060 2 4 16 When BC=0
HL<—HL+1
BC<BC—-1
Repeat
until
BC=0
®
LDD (DE)«(HL) o t|e 1101101 | 2 | 4 | 16
DE<DE-1 10 101 000 '
HL<HL-1
BC<BC—1
LDDR (DE)<(HL) ®| (| @ 11 101 101 2 5 21 | When BC=0
DE<DE-1 10 111 000 2 4 16 | When BC=0
HL<HL-1
BC<BC-1
Repeat
until
BC=0
@|®
CPI A—(HL) t13 4 11 101 101 | 2 4 16
HL<HL+1 10 100 001
BC+BC -1

(Note)

@ denotes that when A = (HL), the Z flag is 1, and in other cases, it is 0.

@ denotes that when BC — 1 =0, the P/V flag is 0, and in other cases, it is 1.




- : Flags Operation code | No. | No. | No.
Mnemonic Operation Z evls 76 543 210 b&fas c«;fcl:gs sggtl's Comments
@0
CPIR A—(HL) R 11 101 101 | 2 21 | When BC#0 and A = (HL)
HL<HL+1 10 110 001 2 16 | When BC=0 or A =(HL)
BC<BC—1
Repeat until
A=(HL)or
BC=0
@O
CPD A—(HL) O R 11 101 101 | 2 4 | 16
HL<HL-1 10 101 001
BC+BC—-1
@O
CPDR A—(HL) U O 11101 101 | 2 | 5 | 21 | when BC*0 and A=*(HL)
HL<HL-1 10 111 001 2 4 16 When BC=0 or A=(HL)
BC<BC-1
Repeat until
A=(HL) or
BC=0

(Note) (1) denotes that when BC — 1 =0, the P/V flag is 0, and in other cases, it is 1.
(2 denotes that when A = (HL), the Z flag is 1, and in other cases, it is O.



Correction flag and CPU control group

Flags

Operation code

No.

No

No.

Mnemoni Operation f fM | of T Comment:
b Ll Pv] S H | 76543 210 | bytes |cycles | states s
DAA Converts Acc. Pl iy 00 100 111 1 1 4 Decimal ajust accumutator.
content into
packed BCD
following add or
subtract with
packed BCD
operands.
CPL A<A ® 1] 00 101 111 1 1 4
NEG A—A+1 LA $] 11101 101 | 2 2 8
. 01 000 100
CCF CY<CY e ® X | 00 111 111 1 1 4 Complement carry flag
SCF CY<1 e o G| 00110 111 1 1 4 Set carry flag.
NOP Nothing is o e ® | 00000 000 | 1 1 4
executed, but
PC+~PC+1
HALT CPU halted LI ® | 01 110 110 1 1 4
DI IFF<0 LI ® 11 110 011 1 1 4
EI IFF<1 ® |0 L] 11 111 011 1 1 4
IM 0 Set interrupt mode e | ® ® | 11 101 101 2 2 8
0 01 000 110 :
IM 1 Set interrupt mode e | @ ® | 11 101 101 2 2 8
1 01 010 110
IM 2 Set interrupt mode e | @ ® | 11 101 101 2 2 8
2 01 011 110




8-bit arithmetic and logic group

Mnemonic Operation e i S aod) hi; c:oM S‘?r Comments
C|Z [P/V| S| N|H| 76543 210 | bytes |cycles| states
ADD A)r A<—A+r 1 vit 3] 10 r 1 1 r Register
ADD A,n A—A+n R A A $ | 1rfoooj110 | 2 2 000 B
— n - 001 ¢
ADD A,(HL) A—A-+(HL) b1t v]e $| 10010 | 1 | 2 | 7 010 D
ADD A, (IX+d) | A—A+(UX+d) |t ¢ V] $] 1wotrtor | 3| 5 | 19 011 E
10 [000] 110 100 H
' @ -3 101 L
ADD A,(IY+d) | A<A+(IY+d) | $ | ¢ |V [$]0] ¢ | 11111101 | 3 5 | 19 = -
10 1000 110
— d -
ADC A,s A<—A+s+CY PP vitiolt 001 s indicates any one of r, n,
SUB s AcA-s tle|v|s]1]t| oo et i
SBC A,s A—A—s—CY ol T VA I I T 011] Set framed bits in place of
D & \1‘ Aeh Ag ’l 0 i pltlo 1 of ADD instruction.
OR s A—AVs ojt|Plt]o]o [110]
XOR s A—A¥s 0t |P|tloO]oO 101
CP s A-s $l1dividiigd 111
INC r rer+1 e/t v|t|olt]| 00 r fO0 | 1 1 4
INC (HL) (HL)—~HL)+1 [e |} |V |30 | ]| 00110 1 3 | 11
INC (IX+d) (IX+d) < e | t|v|dlo] ]| 11011101 3 23
(IX+d)+1 00 110
— d -
INC (IY+d) JY +d)— e| t(Vv]itlo]$| 11111101 3 6 23
(IY +d)+1 00 110
— 4 -
DEC m mem-1 MRS 101 i i g
instruction.
Operation code is the same as
INC instruction changed from
to W
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i

-16-bit arithmetic operation group

o 2 o f Flags Operation code Nt;- 1\;("“ l\;qr s 7
nemonic er on
g ClZ [PV SN[ H| 76 543 210 | bytes|cycles|states g ey
ADD HL,ss HL<—HL+ss {leje|le] 0 )X | 00 ssl 001 1 3 11 sS Register
ADC HL,ss HL—HL+ss+CY | $ [ $ |V ¢ 0| X | 1110t 101 | 2 4| 15 00 BC
_ ' 01 ssl 010 01 DE
SBC HL,ss HL<HL—ss—CY | $ | $ |V | ¢ |1 |x| 11101101 | 2 | 4 | 15 10 HL
01 ss0 010 11 SP
ADD IX,pp IX<IX+pp tle|le|e|0|X| 11011101 | 2 4 15 pp Register
3 00 ppl 001 00 BC
01 DE
10 IX
11 SP
ADD IY,rr IY <IY +rr {le|e|e| 0 |X| 11111 101 2 4 15 rr Register
‘ 00 rrl 001 ” BC
01 DE
10 1Y
11 Sp
INC ss ss—ss+1 e|lo /oo |e® 0| 00ssO 011 |-1 1 6
INC IX IX—IX+1 e|le|o|o|® 0| 11011101 | 2 2 | 10
00 100 011
INC IY IY<IY+I e|le o o o 0| 11111101 | 2 2 | 10
00 100 011
DEC ss ssess—1 e|e|e|o|e| @ 00ss1 011 | 1 1 6
DEC IX IX<IX—1 eje|oje|e®|®| 11011101 | 2 2 | 10
00 101 011
DEC IY IY<IY—1 e|lelefe|e o 11111101 | 2 2 | 10
00 101 011




Rotate and shift group

i ¢ T Flags . Operation code N€;~ ":‘;ﬂ f\;c- o
nemonic eration T t
o ClZ [PV STN[H| 76543 210 | bytes|cycles| ststes i e
RLC A ~ {lele|@®| 0|0 00 000 111 1 1 4 Rotate the contents of
7 ~— 0 accumulator to the left,
RL A BT =T |1 t]le|e|e|0]0]| 00010111 | 1 1 4
RRC A = f, gl {le|eje| 0| 0] 00001111 1 1 4 Rotate the contents of
accumulator to the right.
RR A jle|el e 0|0 00011111 1 1 4
RIC r 2 IO N S R I R 1 11 001 011 2 2 8 Rotate the contents of
00 # resister r to the left.
RLC (HL) P13yl pl o] o] 11001011 2 4 15 r Register
00{000]110 000 B
RLC (IX+d) @ ${t(P|tj0o|0]| 11011101 | 4 | 6 | 23 001 C
s 11 001 011 010 D
: — 4 — 011 E
00[000]110 100 H
101 L
RLC (IY+d) P13t o] o] 11111 101 4 6 23 - i
11 001 011
— d -
000001110
RL s titlplt]olo 010 r, (HL), (1X+d) or (1Y+d) is
3 employed as operand s.
RRC s tls]Pt]o]o 001
RR s bl Plt|ofo 011]
S
5LA s =0 |t |P|E[0]0 100]
SRA s —— plslplt]o]o 101
SRL s f=ocY ||t |P[Ss]ofo0 111
S
A
RLD s et |P|t]ofo| mwor0r | 2 | 5 | 18
(L) 01 101 111
A
RRD Fazagle|$|P|¢$]0]| 0| 11101101 2 5 18
(L) 01 100 111 .




Bit set, freset and test group

i : 5 = Flags Operation code N';- hﬁw ‘\;01-_ i .
e i i Z PPVIS|N|H| 76543210 b)?tes c‘;clas s?ates S s
BIT b,r Z<Ty e | X |X|0]|1] 11001011 2 2 8 r Register

. i b & 000 B
BIT b,(HL) Z<(HL), e | }|X|X |01/ 11001011 | 2 3] 12 001 &
' 01 b 110 010 D
BIT b,(IX+d) | Z<(IX+d), e | t|X|Xx|o|1]| 1morrt01 | 4 | 5 | 2 011 E
11 001 011 100 H
4 - _ 101 .9
| o1 b 110 11 A
BIT b,(IY+d) | Z<(IY+d), e | ¢ |X|X|o0o|1| 1m1ar0t | 4 | 5 | 20 b Bit tested
11 001 011 w0 5
= d 001 1
01 b 110 - 5
SET b,r £y, <1 o|o|o|o|e|e| 11001011 | 2 | 2 8 011 3
b r 100 4
SET b,(HL) (HL), <1 o|o|o|o|e|e| 11001011 | 2| 4|15 1‘1)(1) .
g b 110 111 7
SET b,(IX+d) | (IX+d),<1 e o o o |e e 11011101 | 4 | 6 | 23
11 001 011
— d —
1) b 110
SET b,(IY+d) | (IY+d),<1 e|o | oe|o|e e 11111101 | 4 | 6 | 23
11 001 011
— d —
11 b 110
RES b,s sp<0 @ Reset bit b of operand s.
s=r,(HL),
(IX +d),
(IY +d)




Jump group

g . 6 g Flags Operation code N‘:- h;‘;“ '\;qr B
nemonic eration mment
_— Z [Pv[s 76 543 210 | bytes |oycles | states s
JP nn PC+<nn e | e 11 000 011 3 3 10
“— n —
< n -—
JP cc,nn If condition cc e e 11 cc 010 3 3 10 ce Condition
is true, - -
PCenn . 000 NZ non zero
If condition cc — n —
is false, then next 001 7 zero
IR e S, ol e 00 011 000 | 2 | 3 | 12 010 NC non carry
= g2 —F 011 C carry
JR Ce If C=0, oo 00111000 | 2 | 2 | 7 180 PO parity odd
then next command 5 el 101 PE parity even
9 110 P sign positive
i C=1, - 3 12 111 M sign negative
PC<PC+e
JR NC,e If C=1, e o 00 110 000 2 2 T
then next command.
— e-2 —
If C=0, 2 3 12
PC<PC+e
JR Ze If Z=0, o|e 00101000 | 2 | 2 | 7
then next command _
«— -2 —
If Z=1, 2 3 12
PC<PC+e :
JR NZ,e if Z=1, e | e 00 100 000 2 2 7
then next command — -2 —
If Z=0, 2 3 12
PC<PC+e '
JP (HL) PC+HL e | e 11 101 001 1 1 4
JP (IX) PC+IX | o 11 011 101 2 2 8
11 101 001
JP (1Y) PC+I1Y e | o 11 111 101 2 2 8
11 101 001
)@D B—B-1 oo 00 010000 | 2 | 2 | 8 |ifB=0
if B=0, — e2 —
then next command
1f B#+0, " 2 3 13 | If B=+0
PC<PC+e

(Note) The range in which displacement e is allowable is —126 to +129. A binary number equivalent to e — 2 must be placed in
operation code.
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Call and return group

= ; Flags Operation code { No. | No. | No.
bl Skl PV[ S 76 543 2107] byses |oveies | sietes e
CALL nn (SP—1)<PCy LI 11 001 101 3 5 17
(SP—2)<PCy “< n —
PCenn “— n -
CALL ce¢,nn If condition cc is o e 11 ce 100 3 3 10 | If condition cc is false,
true, same as
CALL nn.lifitis — n =
::?Jlrsvsénghn? next €= gy e 3 5 17 | If condition cc is true,
RET PCL<(SP) ®| e 11 001 001 1 3 10
PCy+—(SP+1)
RET cc If condition ¢ is ol e 11 cc 000 | 1 | 1 | 5 | ifcondition ccis false,
;:‘uii’i:af:ﬁ:sthReET. 1 3 11 If condition cc is true,
next command. ce Condition
RETI Return from ® | ® 11 101 101 2 4 14 000 NZ non zero
R 01 001 101 001 Z zero
RETN Return from NMI oo mw111 | 2 | 4 | 14 010 NC non carry
(Non Masl?tz‘ﬁupt). 01 000 101 011 C carr}j
100 PO parity odd
RST p (SP~1)<PCyq ® | ® 11 t 111 1 3 11 101 PE parity even
(SP-2)<PCr 110 P sign positive
PCp <0 111 M sign negative
PCr<P
t P
000 00H
001 08H
010 10H
011 18H
100 20H
101 28H
110 30H
111 38H




Input and output group

o . 5 : Flags Operation code NOf- fo:“ Nfo‘l-’ ¢ .
omme
e Reration Z [PIV| S 76 543 210 by?tas c(;cles sgates o
IN A,(n) A<(n) @ e @ e | 11 011 011 2 3 10 | n to Ap—An
= 5 - Acc to As~A1s
IN r,(C) r<—(C) R I o 0| 11101 101 | 2 3 | 11 |Cto Ao~A7
If r=110, 01 r 000 B to As—A1s
only the flag is
affected.
)
INI (HL) <—(C) XX X | 11 101 101 2 4 15 | C to Ao—A7
B<B-1 10 100 010 B to As—Ais
HL<HL+1
INIR (HL) <(C) 11X X X | 11 101 101 2 5 20 | C to Ao~A1
B—B-1 10 110 010 (g B to As~Als
HL<—HL+1 2 4 15
Repeat until B=0. @ (Blzx‘())
IND (HL) < (C) PIX X X | 11 101 101 2 4 15 [ C to Ao~A~
B<B—-1 10 101 010 B to As~A1s
HL<~HL-1
INDR (HL) < (C) 1 (X | X X [ 11 101 101 2 5 20 | C to Ao~Anx
B—B-1 10 111 010 N B to As~AIs
HL<HL—-1 2 4 15
Repeat until B=0. (BEO)
OUT (n),A (n) <A ®|o © ® | 11 010 011 2 3 11 | n to Ao~A7
Acc to As—~A1s
ouUT (C),r (C)<r ® | o | o @ | 11 101 101 2 3 12 | C to Ao~Ar
01 r 001 B to As~A1s
)
QUTI (C)<—(HL) i' XX X | 11 101 101 2 4 15 { C to Ao~A7
B<B-1 10 100 011 B to As—~Ais
HL<HL+1
OTIR (C) —(HL) 11X |X X | 11 101 101 2 5 20 | C to Ao—~A7
B<B-1 10 110 011 A B to As~Aus
HL<HL+1 2 4 15
Repeat until B=0(. (Blzfo)
@
OUTD (C)« (HL) 11X | X X | 11 101 101 2 4 15 | C to Ap—~A7r
B<B-—1 “10 101 011 B to As—~Ais
HL<HL-1
OTDR (C) —(HL) 11X1X X | 11 101 101 2 5 20 | C to Ap~A7
B—B-1 10 111 011 lfs | B to As~Als
HL<—HL—1 2 4 15
Repeat until B=0. (Blzfo)
(Note) @) indicates that if B — 1 = 0, the Z flag is set and in other cases, it is reset.
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Hexadecimal notation

Statement

Hexadecimal notation Statement
SE ADC A, (HL)
DDSE05 ADC A, (IX+d)
FDSE05 ADC A, (IY+d)
8F ADC A, A
88 ADC A,B
89 ADC A,C
8A ADC 4,D
8B ADC AE
8C ADC AH
8D ADC A,L
CE20 ADC A,n
ED4A ADC HL,BC
ED5A ADC HL,DE
ED6A ADC HL,HL
ED7A ADC HL,SP
86 ADD A, (HL)
DD8605 ADD A, (IX+4d)
FD8605 ADD A,(IY+d)
87 ADD A,A
80 ADD A,B
81 ADD A,C
82 ADD A,D
83 ADD A,E
84 ADD A,H
85 ADD A,L
620 ADD A,n
09 ADD HL,BC
19 ADD HL,DE
29 ADD HL HL
39 ADD HL SP
DD09 ADD IX, BC
DD19 ADD IX,DE
DD29 ADD IX, IX
DD39 ADD IX,SP
FD09 ADD IY, BC
FD19 ADD IY,DE
FD29 ADD IY,IY
FD39 ADD IY,SP

A6 AND (HL)
DDA605 AND (IX+d)
FDA605 AND (IY +d)
AT AND A

A0 AND B

Al AND C

A2 AND D

A3 AND E

A4 AND H

A5 AND L

E620 AND n

CB46 BIT 0, (HL)
DDCB0546 BIT 0, (IX +d)
FDCB0546 BIT 0, (IY +d)
CB471 BIT 0,A
CB40 BIT 0,B
CB41 BIT 0,C
CB42 BIT 0,D
CB43 BIT 0,E
CB44 BIT 0,H
CB45 BIT 0,L
CB4E BIT 1, (HL)
DDCBO54E BIT 1,(IX+d)
FDCBO54E BIT 1,(IY +d)
CB4F BIT 1,A
CB48 BIT 1,B
CB49 BIT 1,C
CB4A BIT 1,D
CB4B BIT LE
CB4C BIT 1,H
CB4D BIT 1,L
CB36 BIT 2, (HL)
DDCB0556 BIT 2, (IX +d)
FDCB 0556 BIT 2, (IY +d)
CB57 BIT 2A
CB50 BIT 2,B
CB51 BIT 2,C
CB52 BIT 2,D
CB53 BIT 2,E




Hexadecimal notation

Statement

CB54

CB55

CB5E
DDCB05 5E
FDCBO55E
CB5F

CB58

CB59

CB5A

CB5B

CB5C

CB3D

CB66
DDCB05 66
FDCB 0566
CB67

CB60

CB61

CB62

CB63

CB64

CB65

CB6E
DDCBO56E
FDCBO56E
CB6F

CB68

CB69

CB6A

CB6B

CB6C

CB6D

CB76
DDCB 05 76
FDCB05 76
CB17

CB70

CBT1

CBT2

CBT3

BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

“BIT

BIT
BIT
BIT
BIT

2,H

2,L
3,(HL)

3, (IX+d)
3,(IY +d)
3, A

3,B

3,C

3,D

3E

3,H

3L
4,(HL)
4,(IX +d)
4,(IY+d)
4,A

4,B

4,C

4,D

4,E

4,H

4,L
5,(HL)

5, (IX+d)
5 (Y +d)
5A

5B

5,C

5D

5E

5H

5L
6,(HL)

6, (IX +d)
6, (1Y +d)
6, A

6,B

6,C

6,D

6,E

Hexadecimal notation Statement
CB74 BIT 6,H
CBT75 BIT 6,L
CB7E BIT 7,(HL)
DDCBO57E BIT 7,(IX+4d)
FDCBO5TE BIT 7,(IY+d)
CB7F BIT 7,A
CB78 BIT 7,B
CB79 BIT 7,C
CB7A BIT 7,D
CB7B BIT 7,E
CB7C BIT 7,H
CB7D BIT 7,L
DC8405 CALL C,nn
FC8405 CALL M, nn
D48405 CALL NC,nn
CD8405 CALL nn
C48405 CALL NZ,nn
F48405 CALL P,nn
EC8405 CALL PE,nn
E48405 CALL PO,nn
CC8405 CALL Z,nn
3F CCF
BE CP (HL)
DDBEO5 CP (IX+4d)
FDBEO5 CP (IY +d)
BF CP A
B8 CP B
B9 CP ©
BA CP D
BB CP E
BC CP H
BD CP L R
FE20 CP n
EDAY CPD
EDB9 CPDR
EDA1 CPI




Hexadecimal notation

Statement

EDBI1 CPIR

2F CPL

27 DAA

35 DEC (HL)
DD3505 DEC (IX+d)
FD3505 DEC (IY+d)
3D DEC A

05 DEC B

0B DEC BC
0D DEC C

15 DEC D

1B DEC DE
1D DEC E

25 DEC H

2B DEC HL
DD2B DEC IX
FD2B DEC IY
2D DEC L

3B DEC SP
F3 DI

102E DINZ e
FB EI

E3 EX (SP),HL
DDE3 EX (SP),IX
FDE3 EX (SP),IY
08 EX AF,AF’
EB EX DE,HL
D9 EXX

76 HALT
ED46 IM 0
ED56 IM 1

Hexadecimal notation Statement
EDSE IM 2
ED78 IN A,(C)
DB20 IN A, (n)
ED40 IN B,(0)
ED48 IN C,(O)
ED50 IN D,(C)
ED58 IN E,(C)
ED60 IN H,(O)
ED68 IN L,(C)
34 INC (HL)
DD3405 INC (IX+d)
FD3405 INC (IY+d)
3C INC A
04 INC B
03 - INC BC
0C INC C
14 INC D
13 INC DE
1C INC E
24 INC H
23 INC HL
DD23 INC IX
FD23 INC TY
2C INC L
33 INC SP
EDAA IND
EDBA INDR
EDA2 INI
EDB2 INIR
E9 JP (HL)
DDE9 JP (IX)
FDE9 JP (IY)
DA8405 JP C,nn
FAS8405 JP M,nn
D28405 JP NC,nn
C38405 JP nn




Hexadecimal notation Statement
C28405 JP NZ,nn
F28405 JP P,nn
EA 8405 JP PE,nn
E28405 JP PO,nn
CA8405 JP Z,nn
382E JR C,e
182F JR e
302E JR NC,e
202E JR NZe
282E JR Z,e
02 LD (BC),A
12 LD (DE),A
71 LD (HL), A
70 LD (HL),B
71 LD (HL),C
72 LD (HL),D
73 LD (HL),E
74 LD (HL),H
75 LD (HL),L
3620 LD (HL),n
DD7705 LD (IX+d),A '
DD7005 LD (IX+d),B
DD7105 LD (IX+d),C
DD7205 LD (IX+d),D
DD7305 LD (IX+d),E
DD7405 LD (IX+d),H
DD7505 LD (IX+d),L
DD360520 LD (IX+d),n
FD7705 LD (IY+d),A
FD7005 LD (IY+d),B
FD7105 LD (IY+d),C
FD7205 LD (IY+d),D
FD7305 LD (IY+d),E
FD7405 LD (IY+d),H
FD7505 LD (IY+d),L
FD360520 LD (IY +d),n
328405 LD (nn),A
ED438405 LD (nn),BC

Hexadecimal notation Statement
ED538405 LD (nn),DE
228405 LD (nn),HL
DD228405 LD (nn),IX
FD228405 LD (nn),IY
ED738405 LD (nn),SP
0A LD A,(BC)
1A LD A,(DE)
7E LD A,(HL)
DDTE05 LD A,(IX+d)
FDTE05 LD A,(IY +d)
348405 LD A,(nn)
TF LD AA
78 LD A,B
79 LD A,C
7A LD A,D
7B LD A,E
7C LD AH
ED57 LD Al
o LD A,L
3E20 LD A,n
46 LD B,(HL)
DD4605 LD B,(IX+d)
FD4605 LD B,(IY+d)
o LD B,A
40 LD B,B
a1 LD B,C
12 LD B,D
13 LD B,E
" LD B,H
% LD B,L
0620 LD B,n
ED4B8405 LD BC,(nn)
018405 LD BCnn
4E LD C,(HL)
DD4E05 LD C,(IX+d)
FD4E05 LD C(Y+d)
4F LD CA
18 LD C,B
19 LD C,C
1A LD C,D

47



Hexadecimal notation Statement
4B LD CE
4C . LD CH
4D LD CL
0E20 LD Cn
56 LD D,(HL)
DD5605 LD D,(IX+d)
FD5605 LD D,(IY+d)
57 LD D,A
50 LD D,B
51 LD D,C
52 LD D,D
53 LD D,E
54 LD D,H
55 LD D,L
1620 LD D,n
ED5B8405 LD DE,(nn)
118405 LD DE,nn
5E LD E,(HL)
DD5E05 LD E, (IX+d)
FD5E05 LD E,(IY+d)
5F LD E A
58 LD EB
59 LD E,C
5A LD ED
5B LD EE
5C LD EH
5D LD EL
1E20_ LD En
66 LD H,(HL)
DD6605 LD H,(IX+d)
FD6605 LD H,(IY+d)
67 LD H,A
60 LD H,B
61 LD H,C
62 LD H,D
63 LD HE
64 LD H,H
65 LD H,L
2620 LD H,n
248405 LD HL,(nn)

Hexadecimal notation

Statement

218405 LD HL,nn
ED47 LD LA
DD2A 8405 LD IX,(nn)
DD218405 LD IX,nn
FD2A8405 LD IY,(nn)
FD218405 LD IY,nn
6E LD L,(HL)
DD6E05 LD L,(IX+d)
FD6E05 LD L,(IY +d)
6F LD L,A
68 LD L,B
69 LD L,C
6A LD L,D
6B LD L,E
6C LD L,H
6D LD L,L
2E20 LD L,n
ED7B8405 LD SP,(nn)
F9 LD SP,HL
DDF9 LD SP,IX
FDF9 LD SP,IY
318405 LD SP,nn
EDAS LDD

EDB8 LDDR
EDAO LDI

EDBO0 LDIR
ED44 NEG

00 NOP

B6 OR (HL)
DDB605 OR (IX+d)
FDB605 OR (IY +d)
BT OR A

B0 OR B

Bl OR C

B2 OR D

B3 OR E




Hexadecimal notation

Statement

B4 OR H
B5 OR L
F620 OR n
EDBB OTDR
EDB3 OTIR

ED79 OUT (C),A
ED41 OUT (C),B
ED49 OUT (C),C
ED51 OUT (C),D
ED59 OUT (C),E
ED61 OUT (C),H
ED69 OUT (O),L
D320 OUT (n),A
EDAB o0TD
EDA3 oUTI

F1 POP AF
¢1 POP BC
D1 POP DE
El POP HL
DDEL POP IX
FDEL POP IY
F5 PUSH AF
5 PUSH BC
D5 PUSH DE
E5 PUSH HL
DDE5 PUSH IX
FDE5 PUSH IY
CBS6 RES 0,(HL)
DDCB0586 RES 0,(IX+d)
FDCB 0586 RES 0,(IY +d)
CBS7 RES 0,A
CB80 RES 0,B
CBS1 RES 0,C
CBS82 RES 0,D
CBS3 RES 0,E
CBs4 RES 0,H

Hexadecimal notation Statement
CBS5 RES 0,L
CBSE RES 1,(HL)
DDCBO5SE RES 1,(IX +d)
FDCBO5SE RES 1,(IY +d)
CBSF RES 1,A
CB88 RES 1,B
CB89 RES 1,C
CBSA RES 1,D
CBSB RES 1,E
CBSC RES 1H
CBSD RES 1,L
CBY6 RES 2,(HL)
DDCB0596 RES 2,(IX +d)
FDCB05 9 RES 2,(IY +d)
CBY7 RES 2,A
CB90 RES 2,B
CB91 RES 2,C
CB92 RES 2,D
CB93 RES 2,E
CBY4 RES 2,H
CBYS RES 2,L
CBIE RES 3,(HL)
DDCBO5 9E RES 3,(IX+d)
FDCBO5 9E RES 3,(IY +d)
CBYF RES 3,A
CB98 RES 3,B
CB99 RES 3,C
CB9A RES 3,D
CB9B RES 3,E
CBIC RES 3,H
CBYD RES 3,L
CBA6 RES 4,(HL)
DDCBO5 A6 RES 4,(IX +d)
FDCBO5 A6 RES 4,(IY +d)
CBAT RES 4,A
CBAO RES 4B
CBA1 RES 4,C
CBA2 RES 4,D
CBA3 RES 4,E
CBA4 RES 4,H
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Hexadecimal notation

Statement

CBA5 RES 4,L
CBAE RES 5,(HL)
DDCBO5AE RES 5,(IX+d)
FDCBO5AE RES 5,(IY +d)
CBAF RES 5,A
CBAS RES 5,B
CBA9 RES 5,C
CBAA RES 5D
CBAB RES 5,E
CBAC RES 5H
CBAD RES 5,L
CBB6 RES 6,(HL)
DDCB 05 B6 RES 6,(IX +d)
FDCBO5 B6 RES 6,(IY +d) -
CBBY RES 6,A
CBBO RES 6,B
CBBI RES 6,C
CBB2 RES 6,D
CBB3 RES 6,E
CBBY RES 6,H
CBB5 RES 6,L
CBBE RES 7,(HL)
DDCB 05 BE RES 7,(IX+d)
FDCB05 BE RES 7,(1Y +d)
CBBF RES 7,4
CBBS RES 7.B
CBBY RES 7.C
CBBA RES 17,D
CBBB RES 7.E
CBBC RES 7,
CBBD RES 7,L

9 RET

DS RET C

FS RET M

DO RET NC

o RET NZ

Fo RET P

ES RET PE

E0 RET PO

Hexadecimal notation "~ Statement
c8 RET Z
ED4D RETI
ED45 RETN
CB16 RL (HL)
DDCB0516 RL (IX+d)
FDCB0516 RL (IY +d)
CBI7 RL
CB10 RL B
CB11 RL C
CBI12 RL D
CBI13 RL E
CB14 RL H
CB15 RL L
17 RLA
CBO06 RLC (HL)
DDCB0506 RLC (IX+d)
FDCB05 06 RLC (IY +d)
CBO7 RLC A
CB00 RLC B
CBO1 RLC C
CB02 RLC D
CB03 RLC E
CBO4 RLC H
CBO5 RLC L
07 RLCA
EDGF RLD
CBIE RR (HL)
DDCBOS51E RR  (IX+d)
FDCBO31E RR  (IY +d)
CBIF RR A
CBIS RR B
CB19 RR C
CBIA RR D
CBIB RR E
CBIC RR H
CBID RR L
1F RRA




Hexadecimal notation

Statement

Hexadecimal notation

Statement

CBOE RRC (HL)

DDCB05 0E RRC (IX+d)

FDCB050E RRC (IY+4)

CBOF RRC A

CB08 RRC B

CB09 RRC C

CBOA RRC D

CBOB RRC E

CBOC RRC H

CBOD RRC L

0F RRCA

ED67 RRD

c7 RST 0

D7 RST 10H

DF RST 18H

E7 RST 20H

EF RST 28H

F7 RST 30H

FF RST 38H

CF RST 8

9E SBC A,(HL)

DD9E05 SBC A,(IX+d)

FDIEO5 SBC A,(IY+d)

9F SBC A,A

98 SBC A,B

99 SBC A,C

9A SBC A,D

9B SBC A,E

9C SBC A,H

9D SBC A,L

DE20 SBC A,n

ED42 SBC HL,BC

ED52 SBC HL,DE

ED62 SBC HL,HL
SBC. HL,SP

ED72

317

SCF

CBC6
DDCB05 C6
FDCB05C6
CBC7
CBCO
CBC1
CBC2
CBC3
CBC4
CBC5
CBCE
DDCB05CE
FDCB05CE
CBCF
CBC8
CBCY
CBCA
CBCB
CBCC
CBCD
CBD6
DDCB05 D6
FDCBO5 D6
CBD7
CBDO
CBDI1
CBD2
CBD3
CBD4
CBD5
CBDS
CBDE
DDCB05 DE
FDCB05 DE
CBDF
CBDY
CBDA
CBDB
CBDC
CBDD

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

SET

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

0, (HL)
0,(IX+d)
0,(IY +d)
0,A

0,B

0,C

0,D

0,E

0,H

0,L
1,(HL)
1,(IX +d)
1,(IY +d)
1,A

1,B

1,C

1,D

LE

1LH

1,L
2,(HL)
2,(IX +d)
2,(IY+d)
2,A

2,B

2,C

2,D

2,E

2,H

2,L

3,B
3,(HL)
3,(IX +4d)
3,(IY +d)
3,A

3,C

3,D

3,E

3,H

3,L

(e



to

Hexadecimal notation Statement
CBES SET 4, (HL)
DDCBO5 E6 SET 4,(IX+d)
FDCB 05 E6 SET 4, (IY +d)
CBE7 SET 4,A
CBE0 SET 4,B
CBE1 SET 4,C
CBE2 SET 4,D
CBE3 SET 4,E
CBEA SET 4H
CBE5 SET 4,L
CBEE SET 5, (HL)
DDCB0S5 EE SET 5,(IX+d)
FDCB05 EE SET 5,(IY +d)
CBEF SET 5,A
CBES SET 5B
CBE9 SET 5,C
CBEA SET 5,D
CBEB SET 5 E
CBEC SET 5 H
CBED SET 5,L
CBF$ SET 6, (HL)
DDCB 05 Fé SET 6, (IX+d)
FDCB05 F6 SET 6, (IY +d)
CBFT SET 6,A
CBFY SET 6,B
CBF1 SET 6,C
CBF2 SET 6,D
CBF3 SET 6,E
CBF4 SET 6, H
CBF5 SET 6,L
CBFE SET 7, (HL)
DDCB OS5 FE SET 7,(IX+d)
FDCB 05 FE SET 7,(IY +d)
CBFF SET 7,A
CBFS SET 17,B
CBFY SET 17,C
CBFA SET 7,D
CBFB SET 17,E
CBFC SET 7,H
CBFD SET 17,L

Haxadecimal notation

Statement

CB26 SLA (HL)
DDCBO5 26 SLA (IX+4d)
FDCBO5 26 SLA (IY +d)
CB27 SLA

CB20 SLA B
CB21 SLA C
CB22 SLA D
CB23 SLA E
CB24 SLA H
CB25 SLA L
CB2E SRA (HL)
DDCB05 2E SRA (IX+d)
FDCBO5 2E SRA (IY +d)
CB2F SRA A
CB28 SRA B

CB29 SRA C
CB2A SRA D

CB2B SRA E

CB2C SRA H

CB2D SRA L

CB3E SRL (HL)
DDCBO5 3E SRL (IX +d)
FDCB05 3E SRL (IY +d)
CB3F SRL A
CB38 SRL B
CB39 SRL C
CB3A SRL D
CB3B SRL E
CB3C SRL H
CB3D SRL L

9% SUB (HL)
DD9605 SUB (IX+d)
FD9605 SUB (IY +d)
97 SUB A

90 SUB B

91 ' SUB C

92 SUB D




Hexadecimal notation Statement
93 SUB E
9 SUB H
95 SUB L
D620 SUB n
AE XOR (HL)
DDAEOS XOR (IX+d)
FDAEOS XOR (IY+d)
AF XOR A
A8 XOR B
A9 XOR C
AA XOR D
AB XOR E
AC XOR H
AD XOR L
EE20 - XOR n |

As for symbols nn, n, d, and e, the following are
exemplified; nn=584H, n=20H, d=5, e=30H.
In hexadecimal notation column, the codes equivalent to
these numbers are represented in italics and underlined.




: Machine Language Comparison Table

- (hexadecimal order):

Hexadscimal notation : Statement Hexadecimal notation Statement
00 " NOP 2620 LD H,n
018405 LD BC,nn 27 DAA
02 LD (BC),A 282E JR Z,e
03 INC BC 29 ADD HL,HL
04 INC B 2A 8405 LD HL,(nn)
05 *DEC B 2B DEC HL
0620 LD B,n 2C INC L
07 RLCA 2D DEC L
08 EX AF,AF’ 2E 20 LD L,n
09 ADD HL,BC 2F CPL
0A LD A,(BC)
0B DEC BC 302E JR NC,e
0C INC C 318405 LD SP,nn
0D DEC C 328405. LD (nn),A
0E20 LD Cn 33 INC SP
0F RRCA 34 INC (HL)

35 DEC (HL)
102E DINZ e 3620 LD (HL),n
118405 LD DE,nn 37 SCF
12 LD (DE),A 382E JR C,e
13 INC DE 39 ADD HL,SP
14 INC D 3A 8405 LD A,(nn)
15 DEC D 3B DEC SP
1620 LD D,n 3C INC A
17 RLA 3D DEC A
182E JR e 3E20 LD A,n
19 ADD HL,DE 3F CCF
1A LD A,(DE)
1B DEC DE 40 LD B,B
1C INC E 11 LD B,C
1D DEC E 42 LD B,D
1E20 LD E,n 43 LD B,E
1F RRA 44 LD B,H

45 LD B,L
202E JR NZ,e 46 LD B,(HL)
218405 LD HL,nn 47 LD B,A
228405 LD (nn),HL 48 LD C,B
23 INC HL 49 LD C,C
24 INC H 1A LD C,D

DEC H

LD C,E




Hexadecimal notation

Statement

4C LD C,H
4D LD C,L
4E LD C,(HL)
4F LD C,A
50 LD D,B
51 LD D,C
52 LD D,D
53 LD D,E
54 LD D,H
55 LD D,L
56 LD D,(HL)
57 LD D,A
58 LD E,B
59 LD E,C
5A LD E,D
5B LD E,E
5C LD E,H
5D LD E,L
5E LD E,(HL)
5F LD E,A
60 LD H,B
61 LD HC
62 LD H,D
63 LD HE
64 LD H,H
65 LD H,L
66 LD H,(HL)
67 LD H,A
68 LD L,B
69 LD L,C
6A LD L,D
6B LD L,E
6C LD L,H
6D LD L,L
6E LD L,(HL)
6F LD L,A
70 LD (HL),B

Hexadecimal notation Statemaent
71 LD (HL),C
72 LD (HL),D
73 LD (HL),E
74 LD (HL),H
75 LD (HL),L
76 HALT
77 LD (HL),A
78 LD A,B
79 LD A,C
TA LD A,D
7B LD AE
¢ LD AH
7D LD AL
7E LD A,(HL)
7F LD A A
80 ADD A,B
81 ADD A,C
82 ADD A,D
83 ADD ALE
84 ADD AH
85 ADD A,L
86 ADD A,(HL)
87 ADD A,A
88 ADC A,B
89 ADC A,C
8A ADC A,D
8B ADC AE
8C AD(_‘ A H
8D ADC A,L
SE ADC A,(HL)
8F ADC ALA
90 SUB B
91 SUB C
92 SUB D ’
93 SUB E
94 SUB H
95 SUB L
96 SUB (HL)

n

Uy



Hexadecimal notation

Statement

97 SUB A
98 A SBC A,B
99 SBC A,C
9A SBC A,D
9B SBC A,E
9C SBC AH
9D SBC A,L
9E SBC A,(HL)
9F SBC A,A
A0 AND B
Al AND C
A2 AND D
A3 AND E
A4 AND H
A5 AND L
A6 AND (HL)
AT AND A
A8 XOR B
A9 XOR C
AA XOR D
AB XOR E
AC XOR H
AD XOR L
AE XOR (HL)
AF XOR A
B0 OR B

Bl OR C

B2 OR D

B3 OR E

B4 OR H

B5 OR

B6 OR (HL)
B7 OR A

BS CP B

B9 CP C

BA CP D

BB CP E

BC CP H

Hexadecimal notation Statement
BD CP L
BE CP (HL)
BF CP A
Co RET NZ
C1 POP BC
C28405 JP NZ,nn
C38405 JP nn
C48405 CALL NZ,nn
C5 PUSH BC
C620 ADD A,n
C1 RST o
C8 RET Z
C9 RET
CA8405 JP Znn
CC8405 CALL Z,nn
CD8405 CALL nn
CE20 ADC A,n
CF RST 8
DO RET NC
D1 POP DE
D28405 JP NC,nn
D320 OUT (n),A
D48405 CALL NC,nn
D5 PUSH DE
D620 SUB n
D7 RST 10H
D8 RET C
D9 EXX
DA8405 JP C,nn
DB 20 IN A,(n)
DC 8405 CALL C,nn
DE20 SBC A,n
DF RST 18H
E0 RET PO
El POP HL
E28405 JP PO,nn
E3 EX (SP),HL




Hexadecimal notation

Statement

E48405 CALL PO,nn
E5 PUSH HL
E620 AND n

E7 RST 20H
E8 RET PE
E9 JP (HL)
EA 8405 JP PE,nn
EB EX DE,HL
EC8405 CALL PE,nn
EE20 XOR n

EF RST 28H
Fo RET P

F1 POP AF
£28405 JP P,nn
F3 DI

F48405 CALL P,nn
F5 PUSH AF
F620 OR n

F7 RST 30H
F8 RET M

F9 LD SP,HL
FA 8405 JP M,nn
FB EI
FC8405 CALL M,nn
FE20 CP n

FF RST 38H
CB00 RLC B
CBO01 RLC C
-CB02 RLC D
CB03 RLC E
CB04 RLC H
CB05 RLC L
CB06 RLC (HL)
CBO7 RLC A
CB08 RRC B
CB09 RRC C
CBOA RRC D
CBOB RRC E

Hexadecimal notation Statement
CB0C RRC H
CBOD RRC L
CBOE RRC (HL)
CBOF RRC A
CB10 RL B
CB11 RL C
CB12 RL D
CB13 RL E
CB14 RL H
CB15 RL
CB16 RL (HL)
CB17 RL
CB18 RR B
CB19 RR C
CB1A RR D
CB1B RR E
CBI1C - RR H
CB1D RR L
CB1E RR (HL)
CBIF RR A
CB20 SLA B
CB21 SLA C
CB22 SLA D
CB23 SLA E
CB24 SLA H
CB25 SLA L
CB26 SLA (HL)
CB27 SLA A
CB28 SRA B
CB29 SRA C
CB2A SRA D
CB2B SRA E
CB2C SRA H
CB2D SRA L
CB2E SRA (HL)
CB2F SRA A
CB38 SRL B

i
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Hexadecimal notation Statement Hexadecimal notation Statement
CB39 SRL C CB5F BIT 3,A
CB3A SRL D
CB3B SRL E CB60 BIT 4,B
CB3C SRL H CB61 BIT 4,C
CB3D SRL L CB62 BIT 4,D
CB3E SRL (HL) CB63 BIT 4,E
CB3F _ SRL A CBé4 BIT 4,H

CB65 BIT 4,L
CB40 BIT 0,B CB66 BIT 4,(HL)
CB41 BIT 0,C CB67 BIT 4,A
CB42 BIT 0,D CB68 BIT 5,B
CB43 BIT 0,E CB69 BIT 5,C
CB44 BIT 0,H CB6A BIT 5,D
CB45 BIT 0,L CB6B BIT 5,E
CB46 BIT 0,(HL) CB6C BIT 5 H
CB47 BIT 0,A CB6D BIT 5,L
CB48 BIT 1,B CBGE BIT 5,(HL)
CB49 BIT 1,C CB6F BIT 5,A
CB4A BIT 1,D
CB4B BIT 1E CB70 BIT 6,B
CB4C BIT 1H CB71 BIT 6,C
CB4D BIT 1,L CB72 BIT 6,D
CB4E BIT 1,(HL) CBT3 BIT 6,E
CB4F BIT 1,A CBT74 BIT 6,H

CB75 BIT 6,L
CB50 BIT 2,B CB76 BIT 6, (HL)
CB51 BIT 2,C CB77 BIT 6,A
CB52 BIT 2,D CBTS BIT 7,B
CB53 BIT 2,E CB79 BIT 7,C
CB54 BIT 2,H CB7A BIT 7,D
CB55 BIT 2,L CB7B BIT 7,E
CB56 BIT 2,(HL) CBTC BIT 7.4
CB57 BIT 2,A CB7D BIT 7,L
CB58 BIT 3,B CBTE BIT 7,(HL)
CB59 BIT 3,C CBTF BIT 7,A
CB5A BIT 3,D
CB3B BIT 3,E CBS0 RES 0,B
CB5C BIT 3,H CBS1 RES 0,C
CB5D BIT 3,L CBS2 RES 0,D
CB3E BIT 3.(HL) CBS3 RES 0,E




Hexadecimal notation

Statement

Hexadecimal notation Statement
CB84 RES 0,H
CB85 RES 0,L
CBS86 RES 0,(HL)
CBS87 RES 0,A
CB88 RES 1,B
CB89 RES 1,C
CBSA RES 1,D
CBSB RES LE
CB8C RES 1,H
CB8D RES 1,L
CBSE RES 1,(HL)
CBSF RES 1L,A
CB90 RES 2,B
CB91 RES 2,C
CB92 RES 2,D
CB93 RES 2,E
CB9%4 RES 2,H
CB9% RES 2,L
CB9%6 RES 2,(HL)
CB97 RES 2,A
CB98 RES 3,B
CB99 RES 3,C
CB9A RES 3,D
CB9B RES 3,E
CBSC RES 3,H
CB9D RES 3,L
CB9E RES 3,(HL)
CB9F RES 3,A
CBAO RES 4,B
CBAl RES 4,C
CBA2 RES 4,D
CBA3 RES 4,E
CBA4 RES 4,H
CBAS5 RES 4,L
CBAG6 - RES 4,(HL)
CBA7 RES 4,A
CBAS RES 5,B
CBAY RES 5,C

CBAA RES 5,D
CBAB RES 5,E
CBAC RES 5 H
CBAD RES 5,L
CBAE RES 5,(HL)
CBAF RES 5,A
CBB0 RES 6,B
CBB1 RES 6,C
CBB2 RES 6,D
CBB3 RES 6,E
CBB4 RES 6,H
CBB5 RES 6,L
CBB6 RES 6,(HL)
CBB7 RES 6,A
CBBS RES 7,B
CBB9Y RES 7;C
CBBA RES 7,D
CBBB RES 7,E
CBBC RES 7,H
CBBD RES 7,L
CBBE RES 7,(HL)
CBBF RES T7,A
CBCO SET 0,B
CBC1 SET 0,C
CBC2 SET 0,D
CBC3 SET 0,E
CBC4 SET 0,H
CBCs SET 0,L
CBC6 SET 0,(HL)
CBC7 SET 0,A
CBCS8 SET 1,B
CBC9 SET 1,C
CBCA SET 1,D
CBCB SET LE *
CBCC SET LH
CBCD SET 1,L
CBCE SET 1,(HL)
CBCF SET 1,A

L2



Hexadecimal notation Statement Hexadecimal notation Statement
CBDO SET 2,B CBF6 SET 6,(HL)
CBD1 SET 2,C CBF7 SET 6,A
CBD2 i SET 2,D CBF8 SET 7,B
CBD3 SET 2,E CBF9 SET 7,C
CBD4 SET 2,H CBFA SET 7,D
CBD5 SET 2,L CBFB SET 7,E
CBD6 SET 2,(HL) CBFC SET 7,H
CBD7 ‘SET 2,A CBFD SET 7,L
CBD8 SET 3,B CBFE SET 7,(HL)
CBD9 SET 3,C CBFF SET 7,A
CBDA SET 3,D
CBDB SET 3,E DD09 ADD IX,BC
CBDC SET 3,H DD19 ADD IX,DE
CBDD SET 3,L DD21 8405 LD IX,nn
CBDE SET 3,(HL) DD22 8405 LD (an),IX
CBDF SET 3,A DD23 INC IX

DD29 ADD IX,IX
CBE( SET 4,B Di)2Aw_ LD IX,(nn)
CBE1 SET 4,C DD2B DEC IX
CBE2 SET 4,D DD34 05 INC (IX+d)
CBE3 SET 4,E DD35 05 DEC (IX+d)
CBE4 SET 4,H DD36 0520 LD (IX+d),n
CBE5 SET 4,L DD39 ADD IX,SP
CBES6 SET 4,(HL) DD46 05 LD B,(IX+d)
CBET SET 4,A DD4E0S LD C,(IX+d)
CBES SET 5,B DD56 05 LD D,(IX+d)
CBE9 SET 5,C DD5E0S LD E,(IX+d)
CBEA SET 5,D DD66 05 LD H,(IX+d)
CBEB SET 5,E DD6E0S5 LD L,(IX+d)
CBEC SET 5,H DD70 05 LD (IX+d),B
CBED SET ‘5,L DD71 05 LD (IX+d),C
CBEE SET 5,(HL) DD72 05 LD (IX+d),D
CBEF SET 5,A DD73 05 LD (IX+d),E

DD74 05 LD (IX+d),H
-CBF) SET 6,B DD75 05 LD (IX+d),L
CBF1 SET 6,C DD77 05 LD (IX+d),A
CBF2 SET 6,D DD7E0S LD A,(IX+d)
CBF3 SET 6,E DDS86 05 ADD A (IX+d)
CBF4 SET 6,H DDSE0S ADC A,(IX+d)
CBF5 SET 6,L DD96 05 SUB (IX+d)
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DDIE 05 SBC A,(IX+d)
DDA6 05 AND (IX+d)
DDAEO5 XOR (IX+d)
DDB6 05 OR (IX+d)
DDBE 05 CP (IX +d)
DDE1 POP IX
DDE3 EX (SP),IX
DDE5 PUSH IX
DDE9 JP (IX)
DDF9 LD SP,IX
DDCBO5 06 RLC (IX+d)
DDCBO5 0E RRC (IX+d)
DDCBO5 16 RL (IX+d)
DDCBO5 1E RR (IX+d)
DDCBO5 26 SLA (IX+d)
DDCB05 2E SRA (IX+d)
DDCB05 3E SRL (IX+d)
DDCB05 46 BIT 0,(IX +d)
DDCB05 4E BIT 1,(IX+d)
DDCB05 56 BIT 2,(IX+d) '
DDCB 05 5E BIT 3,(IX +d)
DDCB05 66 BIT 4,(IX+d)
DDCBO5 6E BIT 5,(IX+d)
DDCB05 76 BIT 6,(IX +d)
DDCBO5 7E BIT 7,(IX+d)
DDCB 05 86 RES 0,(IX+d)
DDCB05SE RES 1,(IX+d)
DDCBO5 9% RES 2,(IX+d)
DDCB05 9E RES 3,(IX+d)
DDCB05 A6 RES 4,(IX+d)
DDCBO5 AE RES 5,(IX+d)
DDCBO5 B6 RES 6,(IX +d)
DDCB05 BE RES 7,(IX +d)
DDCB 05 C6 SET 0,(IX +d)
DDCBOS5 CE SET 1,(IX+d)
DDCBO5 D6 SET 2,(IX +d)
DDCBO5 DE SET 3,(IX+d)
DDCBO5 E6 SET 4,(IX+4d)
DDCBO5 EE SET 5,(IX +d)

DDCBO5 Fé SET 6,(IX+d)
DDCBO5 FE SET 7,(IX+d)
ED40 IN B,(C)
ED{1 OUT (0),B
ED42 SBC HL,BC
ED438405 LD (nn),BC
ED44 NEG

ED45 RETN

ED46 IM 0

ED47 LD LA
ED48 IN C.(C)
ED49 OUT (C).C
ED4A ADC HL,BC
ED4B8405 LD BC,(nn)
ED4D RETI

ED50 IN D,(C)
ED51 OUT (C),D
ED52 SBC HL,DE
ED538405 LD (nn),DE
ED56 IM 1

ED57 LD Al
ED58 IN E (C)
ED59 OUT (C),E
ED5A ADC HL,DE
ED5B8405 LD DE,(nn)
ED5E IM 2

ED60 IN H,(C)
ED61 OUT (C),H
ED62 SBC HL,HL
ED67 RRD

ED6S IN L,(C)
ED69 OUT (C),L
ED6A ADC HL,HL
ED6F RLD

ED72 'SBC HL,SP
ED738405 LD (nn),SP
ED78 IN A,(C)
ED79 OUT (C),A
ED7A ADC HL,SP

61



Hexadecimal notation Statement Hexadecimal notation Statement
ED7B8405 LD SP,(nn) FD74 05 LD (IY +d),H
EDA0 LDI FD75 05 LD (IY +d),L
EDA1 CPI FD7T 05 LD (IY+d),A
EDA2 INI FDTE 05 LD A,(IY +d)
EDA3 OUTI FDS6 05 ADD A,(IY +d)
EDAS LDD FDSE 05 ADC A,(IY +d)
EDA9 . CPD FD96 05 SUB (IY +d)
EDAA IND FDYE 05 SBC A,(IY +d)
EDAB OUTD FDA6 05 AND (IY +d)
EDBO LDIR FDAE05 XOR (IY +d)
EDB1 CPIR FDB6 05 OR (IY +d)
EDB2 INIR FDBEOS5 CP (IY+d)
EDB3 OTIR FDE1 POP 1Y
EDBS LDDR FDE3 EX (SP),IY
EDB9 CPDR FDE5 PUSH IY
EDBA INDR FDE9 JP (IY)
EDBB OTDR FDF9 LD SP,IY
FD09 ADD IY,BC FDCB05 06 RLC (IY +d)
FD19 ADD IY,DE FDCBO5 0E RRC (IY +d)
FD218405 LD IY,nn FDCBO5 16 RL (IY+d)
FD228405 LD (nn),IY FDCBO5 1E RR (IY +d)
FD23 INC IY FDCB05 2% SLA (IY +d)
FD29 ADD IY,IY FDCB05 2E SRA (IY +d)
FD2A 8405 LD IY,(nn) FDCBO5 3E SRL (IY +d)
FD2B DEC IY FDCBO5 46 BIT 0,(IY +d)
FD3405 INC (IY +d) FDCBO5 4E BIT 1,(IY +d)
FD3505 DEC (IY +d) FDCBO5 56 BIT 2,(IY +d)
FD36 0520 LD (IY+d),n FDCBO5 5E BIT 3,(IY +d)
FD39 ADD IY,SP FDCBO5 66 BIT 4,(IY +d)
FD46 05 LD B,(IY +d) FDCBO05 6E BIT 5,(IY +d)
FD4E05 LD C,(IY+d) FDCBO5 76 BIT 6,(IY +d)
FD56 05 LD D,(IY+d) FDCB05 TE BIT 7,(IY +d)
FD5E05 LD E,(IY +d) FDCB05 86 RES 0,(IY +d)
FD66 05 LD H,(IY+d) FDCB05 SE RES 1,(IY +d)
FD6EQ5 LD L,(JY+d) FDCBO5 9 RES 2,(IY +d)
FD70 05 LD (IY+d),B FDCBO5 9E RES 3,(IY +d)
FD71 05 LD (IY +d),C FDCBO5 A6 RES 4,(IY +d)
FD72 05 LD (IY+d),D FDCBO5 AE RES 5,(IY +d)
FD73 05 LD (IY+d),E FDCB05 B6 RES 6,(IY +d)




Hexadecimal notation Statement
FDCB05 BE RES 7,(IY+d)
FDCB05 C6 SET 0,(IY+d)
FDCBO5CE SET 1,(IY+d)
FDCBO05 D6 SET 2,(IY+d)
FDCBO05 DE SET 3,(IY+d)
FDCBO05 E6 SET 4,(I1Y+d)
FDCB05 EE SET 5,(IY +d)
FDCBO5 F6 SET 6,(IY +d)
FDCBO5FE SET 7,(IY +d)

S oar
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-As for symbols nn, n, d, and e, the following are
xemplified; nn=584H, n=20H, d=5, e=30H.
In hexadecimal notation column, the codes equivalent to
these numbers are represented in italics and underlined.





