





























































































































































































































































































































































































































Chapter 8. Assembler Controls

If a control is specified incorrectly in an assembly-time command, the entire command is ignored and must be re-
entered. ‘

If a control is specified incorrectly in a source code control line, the incorrect control and all controls following it
in the line are ignored.

Summary of Controls

The following list shows the controls available, their basic functions, whether they are recognized by both assemblers
or 1S81S-11 only (B/1), and whether they are primary or general (P/G). Default controls are italicized. The remainder
of this chapter describes each control in greater detail.

Control B/I P/G Function Area
OBJECT/NOOBJECT | P Obiject File
DEBUG/NODEBUG B P Object File
PRINT/NOPRINT 1 P Assembly Listing
COND/NOCOND B G Assembly Listing
LIST/NOLIST B G Assembly Listing
SYMBOLS/NOSYMBOLS B P Assembly Listing
XREF/NOXREF B P Cross-Reference Listing
PAGING[NOPAGING B P Listing Format
PAGELENGTH (66) B P Listing Format
PAGEWIDTH (720) B P Listing Format
TITLE B G Listing Format
EJECT B G Listing Format
GEN/NOGEN | G Macro List
MACRODEBUG/NOMACRODEBUG ] G Macro List/Object Files
MACROFILE/NOMACROFILE | p Macro Operation
MOD21 B P 8021
MOD22 | P 8022
MOD41 B P UPI-41
MOD41A | P 8041A
SAVE | G Stack
RESTORE | G Fetch
INCLUDE | G Library
TTY/NOTTY | P Teletype Output List File

ISIS-11 ASSEMBLER CONTROLS
ISIS-1l Assembly-Time Command

The ISIS-11 MCS-48/UPI1-41 Macro Assembler is invoked by calling the ISIS-11 file ASM48. This call includes the name
of your source file and any assembler controls you wish to specify. Items in the control list are separated by spaces.
The call is terminated by a carriage return.

—[:Fn:] ASM48 file control-list

The “file’ in this format is your source file. This file (and files enclosed in parentheses as part of a control) can be a
1-6 character file name, a file name followed by a period and 1-3 character extension, an ISIS-I11 device name, or an
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Chapter 8. Assembler Controls

1S1S-11 device name followed by a file name and extension. (See the /S/S-// System Users’ Guide for details.)

Examples:
FILE20 (filename)
PROG.SRC (filename.extension)
:HR: (:1SIS-11 device name:)
:F1:ASSMB. SRC (:1S1S-11 dev name:filename.ext)

All control items specified must be spelled out in their entirety. If no diskette file is specified preceding ‘ASM48’,
“FO:’ is assumed.

Example:

—ASM48 PROG.SRC DEBUG SYMBOLS XREF

Primary Controls
Control Effect
OBJECT (file) An object code file is generated and is output to the specified
device. If this control is omitted, ‘OBJECT (file.HEX)" is

assumed, where ‘file’ is the name of your source file.

NOOBJECT Object code generation is suppressed.

DEBUG If an object file is requested, the symbol table is output to
that file. DEBUG has no effect otherwise.

NODEBUG The symbol table is not included in the object file.

PRINT((file) An assembly list file is opened and is output to the specified
intermediate file. If this control is omitted, ‘PRINT (file.LST)’
is assumed, where ‘file’ is the name of your source code file.
See general control LIST.

NOPRINT The assembly output listing is suppressed. No file is specified
for listing; therefore, no listing output is possible.

SYMBOLS If a list file is opened by PRINT, the symbol table is output
to the list file. SYMBOLS has no effect otherwise.

NOSYMBOLS The symbol table is not included in the list file created by
PRINT.
XREF A symbol-cross-reference file is requested. An intermediate

file is output to ASXREF.TMP and the cross-reference
listing to the file created by PRINT.

NOXREF Symbol-cross-reference file generation is suppressed.



Chapter 8. Assembler Controls

Control

MACROFILE (drive)

NOMACROFILE

PAGELENGTH(n)

PAGEWIDTH(n)

PAGING

NOPAGING

MOD21

MOD22

MOD41

MOD41A

Effect

All macro definition files are directed to the specified drive.
If no drive is specified, the drive where the source file
resides is used. Your Intellec system must have at least a
48K memory if MACROFILE is specified.

No macro temporary files are created. If your source file
contains macros, all definitions and calls cause errors. This
control allows the assembler to run on a 32K-memory
Intellec system.

Each list file page is ‘n’ lines long, where ‘n’ must be at
least 15 and includes 3 blank lines at the top of the page,
3 blank lines at the bottom of the page, and any page
headings specified. If ‘n’ is < 14, PAGELENGTH is set to
15. The default value is 66.

Note that 3 blank lines are issued to reach the next
‘top-of-page’ as opposed to issuing form feeds to reach
the physical ‘top-of-form.’

Each list file line can be up to ‘n’ characters long, where
‘n’ must be in the range 72(n{132. Lines exceeding the
page width are continued in column 25 of the following
line (but lines Y132 characters are truncated to 132). The
default page width is 120.

Assembler separates listing into pages with headers at each
page break.

Listing is not separated into pages. Headers are printed
only once, at the beginning of the listing.

Assembler assumes 8048 code is being assembled unless
the 8021 instruction set is specified by this control. A
warning is issued if an instruction not recognized by the
8021 is specified while this control is set, or if an
instruction unique to the 8021 is specified without
setting this control.

Assembler assembles 8022 code.

Assembler assumes 8048 code is being assembled unless

the UPI-41 instruction set is specified by this control. A
warning is issued if an instruction unique to the 8041 is
specified without setting this control, or if an instruction
not recognized by the 8041 is issued while this control is set.

Assembler assembles 8041A code.



Control

TTY

MACRODEBUG

NOMACRODEBUG

General Controls
Control

INCLUDE (file)

LIST

NOLIST

COND

NOCOND

GEN

NOGEN

TITLE(‘string’)

EJECT

Chapter 8. Assembler Controls

Effect

Simulates form-feeds (using the appropriate number of
line feeds) for teletype output of program list file.

Assembler-generated macro symbols are output to the
the list and object files when the symbol table is output.

Assembler-generated macro symbols are not output to
the list and object files.

Effect

Subsequent source lines are input from specified file until an
end-of-file or nested INCLUDE is found. (Nesting may be four
deep.) Following the end-of-file, input resumes from the file
being processed when the INCLUDE was encountered.

An assembly output listing is generated and sent to the
file specified by PRINT.

Assembly listing is suppressed, except header, symbol table,
cross-reference table, and lines containing errors.

Conditionally-skipped source code is included in the
assembly listing if LIST is selected. The conditional-
assembly directives are also listed.

Listing of conditionally-skipped source code and condi-
tional-assembly directives is suppressed. Listing of the
EXITM directive is suppressed also.

Macro expansion source text generated by macro calls is
listed if LIST is selected.

Macro expansion source text listing is suppressed.

The specified string is printed in character positions 1-64
of the second line of a page header. Strings longer than 64
characters are truncated. ‘String’ cannot be null. TITLE
remains in effect until another TITLE is encountered. A
blank line results if TITLE is not specified.

Spaces are skipped to the next top-of-form. The position

of the next top-of-form is determined by PAGELENGTH,
not by the physical top-of-form.
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Control Effect

SAVE Current settings of LIST, COND, and GEN controls are
stacked (but remain valid until explicitly changed).
Controls can be stacked up to eight levels deep.

RESTORE Control settings at the top of the stack are restored.

Defaults

The following defaults are assumed by the ISIS-11 assembler if the corresponding controls are not selected.

OBJECT(file.HEX)
NODEBUG

PRINT (file.LST)
LIST

SYMBOLS

COND

GEN

NOXREF
NOMACRODEBUG
NOMACROFILE
NOTTY

PAGING
PAGELENGTH(66)
PAGEWIDTH(120)

ISIS-11 Embedded Control Lines
The format for control lines embedded in source files to be processed by the 1SIS-I1 assembler is
$control list
where ‘$’ must appear in column 1 and items in the control list are separated by spaces.
Example:
$LIST DEBUG XREF MACRODEBUG

Control lines containing primary controls must appear before the first statement in the source file, including com-
ments. Control lines containing only general controls can be interspersed throughout the source file.

A control line containing more than one control is scanned from left to right. If a control is specified incorrectly,
it is ignored, as are all remaining controls on that line.

The specific controls available and the defaults for unspecified controls are the same as described above in ‘ISIS-11
Assembly-Time Command.’
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INTELLEC MONITOR ASSEMBLER CONTROLS
MONITOR Assembly-Time Commands

When the MONITOR assembler is loaded and goes into execution, it prompts with

At this point, the assembler is asking you to specify the ‘pass number’ and controls you want, in the format:
passno control-list

The possible ‘passno’ options are:

1 Build symbol table.

2 Generate assembly listing.

3 Punch object file on paper tape.

4 Generate both assembly listing and object file. This optionshould

be used only if the list and object files are assigned to different
devices via the Intellec Monitor 1/O ASSIGN command.

E Exit assembler. Return control to Intellec monitor.

Pass 1 must be executed first. Any pass may then be executed in any sequence.

A new source tape can be assembled without reloading the assembler by issuing the monitor command ‘.G20’ after
the exit command (P=E). This action resets all options to their default values, thus allowing new options to be
specified for the next assembly.

Primary Controls
Control Effect

DEBUG The symbol table is output to the object code file when
pass 3 or pass 4 is executed.

NODEBUG The symbol table is not included in the object code file.

SYMBOLS The symbol table is included in the assembly listing when
pass 2 or pass 4 is executed.

NOSYMBOLS Symbol table listing is suppressed.

XREF A symbol-cross-reference file is generated and output to
paper tape during pass 1. To have any effect, XREF
must be specified in your source file or when pass 1 is

elected.
8-7
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8-8

Control
NOXREF

PAGELENGTH(n)

PAGEWIDTH(n)

PAGING
NOPAGING

| mop21

MODA41

General Controls

Control
LIST

NOLIST

COND

Effect
Symbol-cross-reference output is suppressed.

Each list file page is ‘n’ lines long, where ‘n’ must be at
least 12 and includes 3 blank lines at the top of the
page, 3 blank lines at the bottom of the page, and any
page headings specified. If ‘n’ is <11, PAGELENGTH is
set to 12. The default value is 66.

Note that 3 blank lines are issued to reach the next
‘top-of-page’ as opposed to issuing form feeds to reach
the physical ‘top-of-form.’

Each list file line can be up to ‘n’ characters long, where
‘n’ must be in the range 72(n{132. Lines exceeding the
page width are continued in column 25 of the following
line (but lines Y132 characters are truncated to 132). The
default page width is 120.

‘Assembler separates listings into pages with headers at

each page break.

Listing is not separated into pages. Headers are printed
only once, at the beginning of the listing.

Assembler assumes 8048 code is being assembled unless the

8021 instruction set is specified by this control. A

warning is issued if an instruction not recognized by the

8021 is specified while this control is set, or if an

instruction unique to the 8021 is issued without setting this control.

Assembler assumes 8048 code is being assembled unless

the UPI-41 instruction set is specified by this control. A
warning is issued if an instruction unique to the 8041

is specified without setting this control, or if an instruction
not recognized by the 8041 is issued while this control is set.

Effect

Enables the assembly listing requested by specifying
pass 2 or pass 4.

Disables the assembly listing requested by specifying
pass 2 or pass 4, except for header, symbol table,
cross-reference table, and lines containing errors.

Conditionally-skipped source code is included in pass
2 or pass 4 listing if LIST is selected. The conditional-
assembly directives are also listed.
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Control Effect

NOCOND Listing of conditionally-skipped source code and
conditional-assembly directives is suppressed.

TITLE('string’) The specified ‘string’ is printed in character positions
1-64 of the second line of the page header. Strings
longer than 64 characters are truncated. ‘String’ cannot
be null. TITLE remains in effect until another TITLE
is encountered. A blank results if TITLE is not specified.

EJECT Spaces are skipped to the next top-of-form. The position
of the next top-of-form is determined by PAGELENGTH,

Defaults not by the physical top-of-form.

The following defaults are assumed by the MONITOR assembler if the corresponding controls are not selected.

NODEBUG

LIST

SYMBOLS

COND

NOXREF

PAGING
PAGELENGTH(66)
PAGEWIDTH(120)

MONITOR Embedded Control Lines
The format for control lines embedded in source files to be processed by the MONITOR assembler is
$control list
where ‘$’ must appear in column 1 and items in the control list are separated by spaces.
Example:
$LIST DEBUG SYMBOLS NOXREF

Control lines containing primary controls must appear before the first statement in the source file, including com-
ments. Control lines containing only general controls can be interspersed throughout the source file.

A control line containing more than one control is scanned from left to right. If a control is specified incorrectly,
it is ignored, as are all remaining controls on that line.

The specific controls available and the defaults for unspecified controls are the same as described above in ‘MONITOR
Assembly-Time Commands.’
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9. ASSEMBLER OPERATION

The ISIS-11 MCS-48/UPI-41 Macro Assembler is loaded by calling ASM48 at the ISIS-Il command level and specifying
your source file along with any desired assembler controls (Chapter 8). All assembler operations requested are per-
formed without further intervention once the assembler begins execution.

The MONITOR MCS-48/UP1-41 Assembler must be loaded from paper tape. In addition, all peripheral device assign-
ments must be made before the assembler begins execution. See the Intellec operator’s manual for details.
1SIS-11 ASSEMBLER OPERATION
Activation Sequence
The following example sequence activates and completes an ISIS-11 assembly.
[:Fn:]ASM48 PROG.SRC SYMBOLS NODEBUG
Following the ISIS-II command prompt (—), a command to assemble the file PROG.SRC is issued. An assembly
listing and object code file are requested and will be output by default to PROG.LST and PROG.HEX respectively.

In addition, a symbol table listing will be performed, but symbol table output to the object file will be suppressed.
Note that the same effect can be achieved with no controls specified, since the controls specified are both defaults.

ISIS-11 MCS-48/UPI-41 MACRO ASSEMBLER, V1.0
The assembler sends out its sign-on message to the console device.
ASSEMBLY COMPLETE, NO ERRORS

After executing all assembler passes and completing the requested assembly listing and object code output, the
assembler issues a sign-off message and error summary. If XREF is selected, the sign-on message

ISIS-1I ASSEMBLER SYMBOL CROSS REFERENCE V1.0

is then issued on the console.

Sample Assembly

The following example illustrates normal use of the ISIS-1l assembler. A short program (MADD.SRC) is taken through
all the steps needed to activate the assembler and obtain an object code file and assembly and symbol-cross-reference
listings. The source program to be assembled is shown first, followed by the assembler activation sequence. The result-
ing assembly and symbol-cross-reference listings are also shown.
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The source code for program MADD.SRC follows:

;DECIMAL ADDITION ROUTINE. ADD BCD NUMBER
;AT LOCATION ‘BETA’ TO BCD NUMBER AT ‘ALPHA’WITH
;RESULT IN ‘ALPHA.’ LENGTH OF NUMBER IS ‘COUNT’ DIGIT
;PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH
;AND HAVE EVEN NUMBER OF DIGITSOR MSD IS O IF
;0DD)
INIT MACRO  AUGND, ADDND, CNT

MOV RO, #AUGND

L1: MOV R1,#ADDND
MOV R2,#CNT
ENDM
ALPHA EQU 30
BETA EQU 40
COUNT EQU 5
ORG 100H
INIT ALPHA,BETA,COUNT
CLR C

LP: MOV A,@RO
ADDC  A,@RI

DA A
MOV @RO,A
INC RO
INC R1
DJNZ R2,LP
END

The ISIS-11 assembler performs its operations without further user intervention after it is loaded. In this example, both
assembly listing and object output are requested by default. The sample program is assumed to be on the system
diskette with the name MADD.SRC. The activation sequence proceeds as follows:

—ASM48  MADD.SRC  SYMBOLS  XREF MACROFILE

The source input file is specified as MADD.SRC. The PRINT control is selected and defaulted to file MADD.LST.
The OBJECT control is also selected and defaulted to file MADD.HEX. Symbol table output to the list file is
requested as well as a symbol-cross-reference listing. MACROFILE must be specified since the program contains
a macro,

The assembly and cross-reference listings are shown below. For a detailed explanation of each item in these listings,
see Appendix D.



—ASM438

ISIS-11 MCS-48/UPI-41 MACRO ASSEMBLER, V1.0

LoC 0BJ
001E

0028

0005

0100

0100 BSIE
0102 B928
0104 BAOS
0106 97
0107  FO
0108 71
0109 57
010A A0
0108 18
010C 19
010D  EA07
USER SYMBOLS
ALPHA  00TE
L1 0102

ASSEMBLY COMPLETE, NO ERRORS

MADD.SRC

LINE

SO NY LA WA —

NN N N N N N~
N Oy e N W N =

18 +
19 +
20 +
2]
22
23
24
25
26
27
28

BETA

SYMBOLS

XREF MACROFILE

SOURCE STATEMENT

Chapter 9. Assembler Operation

PAGE 1

;DECIMAL ADDITION ROUTINE. ADD BCD NUMBER

AT LOCATION ‘BETA’ TO BCD NUMBER AT ‘ALPHA’ WITH
[RESULT IN ‘ALPHA.” LENGTH OF NUMBER IS ‘COUNT’ DIGIT
PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH
AND HAVE EVEN NUMBER OF DIGITS OR MSD IS 0 IF

,0DD)

INIT

L1:

ALPHA

BETA

COUNT

LT:

LP:

0028

MACRO
MoV
mov
mMov
ENDM

EQU
EQU
EQU
ORG
INIT
Mov
mMov
mMov
CLR
mMov
ADDC
DA
MoV
INC
INC
DINZ
END

COUNT

AUGND,ADDND,CNT
RO, #AUGND
R1,#ADDND
R2,#CNT

30
40

5

100H
ALPHA,BETA,COUNT
RO, #A LPHA
R1,#BETA
R2,#COUNT

C

A,@RO

A,@RT

A

@RO,A

RO

R7

R2,LP

0005  LP 0107

The ‘ASSEMBLY COMPLETE’ message is also issued on the console, followed by the cross-reference sign-on message
if a cross-reference listing has been requested.
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1SIS-11 ASSEMBLER SYMBOL CROSS REFERENCE, V1.0 PAGE T

SYMBOL CROSS REFERENCE

ALPHA 13# 17 18
BETA 14# 17 79
COUNT 15# 17 20
INIT 7# 17

L7 19#

LP 22# 28

Listing is complete, sign-off message is issued on the listing, followed by ISIS prompt.

CROSS REFERENCE COMPLETE

Note that the NOLIST, NOOBJECT controls could have been specified to request just the error summary on the
console, and a listing of the lines containing errors.

INTELLEC MONITOR ASSEMBLER OPERATION

Activation Sequence

9-4

The following example sequence activates and completes an assembly using the MONITOR assembler. Note that the
paper tape assembler is delivered in two parts, either of which may be loaded first. Assembler console output is
italicized in the following sequence.
1. Load half the assembler onto the paper tape reader and issue the Intellec monitor command
.RO
This reads half the assembler into Intellec memory.
2. Load the rest of the assembler onto the paper tape reader and again issue the monitor command
.RO
The entire assembler now resides in Intellec memory.
3. Load the paper tape containing your source program onto the paper tape reader.
4. Issue the monitor command

.G20

This initiates assembler execution. The assembler responds by sending a sign-on message to the console
device.



10.

11.
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INTELLEC MONITOR MCS-48/UPI-41 ASSEMBLER V1.0
It then prompts with
P:

Enter the pass number. This must be ‘1’ the first time you respond. The assembler reissues the ‘P="prompt
at the end of each pass, to which you can respond with any pass option.

P=1 XREF
In this example, pass 1 is specified and a symbol-cross-reference file requested.

PASS 1 COMPLETE
P=2 NOCOND

After pass 1, the assembler issues a completion message on the console output device and requests the next
pass number and controls. The source program paper tape must be reloaded before specifying the next pass.
In this example, pass 2 is specified and the NOCOND control selected.

PASS 2 COMPLETE. NO ERRORS
P=3 NODEBUG

Following passes 2, 3, and 4, an error summary and completion message are issued. The assembler then
prompts for the next pass number and controls. The source paper tape must be reloaded again before
specifying the next pass. In this example, pass 3 is specified and the NODEBUG control selected.

PASS 3 COMPLETE. NO ERRORS
P=E

In this example, the exit command is specified and control returns to the monitor. The cross-reference-
generator paper tape is now loaded on the paper tape reader (to print out the cross-reference file requested
in pass 1).

.RO

This command to the Intellec monitor reads the cross-reference-generator program into Intellec memory.
Next load the paper tape created during pass 1. This tape contains the cross-reference file.

G20

This monitor command initiates cross-reference-generator execution.

The generator program issues a sign-on message on the console output device.
INTELLEC MONITOR ASSEMBLER SYMBOL CROSS REFERENCE, V1.0

Press the carriage return key at this point. The cross-reference file is read and the listing generated. The
generator program signs off on the listing device when finished.
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CROSS REFERENCE COMPLETE

Control returns to the Intellec monitor, which then prompts for a new command.

Sample Assembly

9-6

The following example illustrates normal use of the MONITOR assembler. A short program is taken through all the
steps needed to activate the assembly and cross-reference listings. The source program to be assembled is shown
first, followed by the necessary passes through the assembler. The resulting assembly and symbol-cross-reference
listings are also shown.

The following is the sample source program to be assembled.

;DECIMAL ADDITION ROUTINE. ADD BCD NUMBER

;AT LOCATION ‘BETA’ TO BCD NUMBER AT ‘ALPHA’ WITH
;RESULT IN ‘ALPHA.” LENGTH OF NUMBER IS ‘COUNT’ DIGIT
;PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH
;AND HAVE EVEN NUMBER OF DIGITSOR MSD IS O IF

;0DD)

ALPHA EQU 30

BETA EQU 40

COUNT EQU 5
ORG 100H
MOV RO,#ALPHA
MOV R1,#BETA
MOV R2,#COUNT
CLR C

LP: MOV A,@RO
ADDC A@R1
DA A
MOV @RO,A
INC RO
INC R1
DJNZ R2,LP
END

The assembler may be run in two or three passes depending on available hardware. If the same device is used as both
the list and punch device, three passes are necessary. Pass 1 builds the symbol table. Pass 2 produces the assembly
listing and pass 3 produces the object code tape. Pass 4 combines passes 2 and 3 to produce both the listing and ob-
ject file. Pass 1 must be run first; other passes may be run in any order and run more than once to produce multiple
listing or object files. In this example, we show passes 1, 2, and 3.

P=1 XREF

Start pass 1 to build symbol table with XREF control selected. The cross-reference intermediate file is punched.
This file must be input to the cross-reference-generator utility if a cross-reference listing is desired.
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PASS 1 COMPLETE
P=2

Rewind source tape and start pass 2. The assembly listing is shown below. For a detailed explanation of each item
in the listing, see Appendix D.

INTELLEC MONITOR MCS-48/UPI-41 ASSEMBLER, V1.0 PAGE 1
LoC 0B/ LINE SOURCE STATEMENT
7 \DECIMAL ADDITION ROUTINE. ADD BCD NUMBER
2 AT LOCATION ‘BETA’ TO BCD NUMBER AT ‘ALPHA’ WITH
3 [RESULT IN ‘ALPHA.” LENGTH OF NUMBER IS ‘COUNT’ DIGIT

4 PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH

5 JAND HAVE EVEN NUMBER OF DIGITS OR MSD 1S 0 IF

6 ,0DD)

7 ;
007E 8 ALPHA EQU 30
0028 9 BETA EQU 40
0005 10 COUNT EQU 5
0100 17 ORG 100H
0700 BSIE 72 mMov RO, #ALPHA
0102 B928 13 MoV R1,#BETA
0104 BAOS 14 MoV R2,#COUNT
0106 97 15 CLR C
0107 FO 16 LP: MoV A @RO
0108 71 17 ADDC A,@R1
0709 57 78 DA A
070A A0 79 Mov @RO,A
0108 18 20 INC RO
010C 79 21 INC R1
010D EA07 22 DJNZ R2,LP

23 END
USER SYMBOLS
ALPHA  Q01E  BETA 0028 COUNT 0005 LP 0107

ASSEMBLY COMPLETE, NO ERRORS

PASS 2 COMPLETE, NO ERRORS
P=3 NODEBUG

Rewind source tape and start pass 3 with object symbol table output suppressed. The actual object code is shown
below in hexadecimal format. The assembler begins the object file by punching 120 null characters to provide 12
inches of leader and ends it with another 12 inches of blank trailer.

9-7
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:0F010000B81EB928BA0597F07157A01819EA0769
:00000001 FF

PASS 3 COMPLETE. NO ERRORS
P=E

With assembly completed, an exit command causes the assembler to transfer control to the Intellec monitor.
(monitor prompt)

To obtain a cross-reference listing, load the paper tape reader with the cross-reference-generator.

.RO

Read the cross-reference generator into Intellec memory and load the paper tape output produced during pass 1.

.G20

Start execution by transferring control to hexadecimal address 20, the cross-reference generator’s start address.

INTELLEC MONITOR ASSEMBLER SYMBOL CROSS REFERENCE, V1.0

The above sign-on message is sent to the console output device. By striking the carriage return, the paper tape is read
and the following cross-reference listing is generated.

INTELLEC MONITOR ASSEMBLER SYMBOL CROSS REFERENCE, V1.0 PAGE T
ALPHA 8# 12
BETA 9# 13
COUNT 10# 14
LP 16# 22

CROSS REFERENCE COMPLETE.

If an error is encountered during this listing, the listing is stopped immediately.
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A. MCS-48 AND UPI-41 INSTRUCTION SUMMARY

This appendix summarizes the MCS-48 and UPI-41 instruction sets. The instructions are first listed alphabetically
by opcode (including binary encoding, number of cycles, system limitations, and description of function). They
are then listed in order of hexadecimal opcode encoding.

SPECIAL OPERATORS AND RESERVED WORDS

The following special operators can be included in expressions in MCS-48 and UPI-41 instructions:

Operator

SHR x
SHL x
NOT
AND
OR
XOR
EQ
NE
NUL
LT

LE
GT
GE
HIGH
LOW

Meaning

Unary or binary addition.

Unary or binary subtraction.

Multiplication.

Division. Any remainder is discarded (7/3=2).

Modulo. Result is remainder produced by division operation
(7MOD 3 =1).

Logical shift right ‘x’ bit positions. No wraparound, zero fill.
Logical shift left ‘x’ bit positions. No wraparound, zero fill.
Logical one’s complement.

Logical AND (=1 if both ANDed bits are 1).

Logical OR (=1 if either ORed bit is 1).

Logical EXCLUSIVE OR (=1 if bits are different).

Logical equality.

Logical inequality.

Logical null (ISIS-1I assembler only).

‘Less than’ relational operator.

‘Less than or equal’ relational operator.

‘Greater than’ relational operator.

‘Greater than or equal’ relational operator.

Isolate high-order 8 bits of a 16-bit value.

Isolate low-order 8 bits of a 16-bit value.

The ‘$’ symbol, and the following opcodes, operands, and directives cannot be specified as user-defined symbois

except in a local context.
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Opcodes:

Operands:

Directives:

ADD
ADDC
ANL
ANLD
CALL
CLR
CPL
DA
DEC
DIS
DJNZ
EN

ANO
ANT1
BUS

CLK
CNT
DBB

DB
DS
DW
ELSE

ENTO
IN
INC
INS
JBn
JC
JFO
JF1
JMP
JMPP
JNC

FO
F1
FLAGS

MBO
MB1
PO
P1

END
ENDIF
ENDM
EOT

JNI
JNIBF
JNTO
JNT1
JNZ
JOBF
JTF
JTO
JT1
)z
MOV

P2
P4
P5
P6

PSW
RO

EQU
EXITM
IF
IRP

MOVD
MOVP
MOVP3
MOV X
NOP
ORL
ORLD
ouT
OUTL
RET
RETR

R1
R2
R3
R4
R5
F6
R7

IRPC
LOCAL
MACRO

RL
RLC
RR
RRC
SEL
STOP
STRT
SWAP
XCH
XCHD
XRL

RAD
RBO
RB1
STS

TCNT
TCNTI

ORG
REPT
SET
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MCS-48 AND UP1-41 ASSEMBLY LANGUAGE NOTATION

The following symbols and abbreviations are used to describe the functioning of MCS-48 and UPI-41 instructions.

A accumulator

AC auxiliary carry

ANO Analog Input 0 (8022)

AN1 Analog Input 1 (8022)

addr 12-bit ROM/EPROM address
Bb bit identifier (b=0-7)

BS bank switch

BUS BUS port

C Carry

CLK clock

CNT event counter

D 4-bit digit

data 8-bit number or expression
DBB data bus buffer

DBF designate memory bank flip-flop

DMA Direct Memory Access (8041A)
FOF1T  flagO, flag 1
FLAGS  Service request lines (8041A)

| interrupt

IBF input buffer flag

OBF output buffer flag

P mnemonic for ‘in-page’ operation
PC program counter

Pp port designator (p=0-2 or 4-7)
PSW program status word

Rr register designator (r=0,1 or 0-7)
SP stack pointer

STS Status Register (8041A)

T timer

TF timer flag

In the following tables ‘8048’ also refers to the ‘8748,’ ‘8049,” ‘8039,’ and ‘8035’
microcomputers. ‘8041’ also refers to the ‘8741’ microcomputer.

‘8041A’ also refers to the ‘8741A’ microcomputer.
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SUMMARY BY MNEMONIC OPCODE

. <
Binary N1z13191 5
Mnemonic Code Cycles |1 8|81213 Function

ADD A, #data 00000011 2 XX [ X[ X[X Add immediate data to A. Cand
(A)«(A)+data dddddddd AC are affected.
ADD A,Rr 0110Trrr 1 XX XXX Add register data to A. C and AC
(A)«<(A)+(Rr) are affected.

r=0-7
ADD A,@Rr 0110000r 1 XX | X|[X]|X Add data in resident RAM location
(A)<(A)+((Rr)) addressed by ‘Rr’ to A. C and AC

r=0-1 ) are affected.
ADDC A,#data 00010011 2 XX | XXX Add C and immediate data to A.
(A)<(A)+(Rr)+(C) dddddddd C and AC are affected.
ADDC A,Rr 011 11rrr 1 XXX |IX]|X Add C and immediate data to A.
(A)=(A)+(Rr)+(C) C and AC are affected.

r=0-7
ADDC A,@Rr 0111000r 1 XXX | XX Add C and data in resident RAM
(A)=(A)+((Rr))+(C) location addressed by Rr to A.

r=0-1 C and AC are affected.
ANL A #data 01010011 2 XX | X| XX AND A data with immediate mask.
(A)<(A) AND data dddddddd
ANL A,Rr 01011rrr 1 XX [X|[X]X AND A data with mask in Rr.
(A)<(A) AND (Rr)

r=0-7
ANL A,@Rr 0101000r 1 XXX X]X AND A data with mask in resident
(A)<(A) AND ((Rr)) RAM location addressed by Rr.

r=0-1
ANL BUS,#data 10011000 2 X AND BUS data with immediate mask.
(BUS)<«(BUS) AND data dddddddd
ANL Pp,#data 100110pp 2 XXX AND port p data with immediate
(Pp)«(Pp) AND data dddddddd mask.

p=1-2
ANLD Pp,A 100111pp 2 XIX|IXIX|X AND port p data with mask in A
(Pp)<(Pp) AND (A0-A3) bits 0-3.

p=4-7

A4
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Binary ol Tl ol ol =
Mnemonic Code Cycles ;50 é % § § Function
10 8

CALL addr 2aa10100 2 XX (XXX Store PC and PSW bits 4-7 in stack.

((SP))«(PC), (PSW4-7) 7 0 Increment stack pointer. Transfer

(PC8-10)<«addr 8-10 control to subroutine at location

(PCO-7)<addr 0-7 addr. PC 10-11 must be zero for

(PC11)«DBF 8041, 8041A, and 8021.

- CLRA 00100111 1 XX |X| XX Clear A to zero.

A<0

CLRC 10010111 1 X|X|X| XX Clear C to zero.

C<0

CLR FO 10000101 1 X1 XX Clear FO to zero.

(FO)«0

CLR F1 10100101 1 X | X|X Clear F1 to zero.

(F1)«<0

CPL A 00110111 1 XIX XXX One’s complement A contents.

(A)<NOT (A)

CPLC 10100111 1 XXX |X|X Complement C.

(C)«NOT (C)

CPL FO 10010101 1 XXX Complement FO.

(FO)«<NOT (F0)

CPL F1 10110101 1 XXX Complement F1.

(F1)<NOT (F1)

DA A 01010111 1 X X[ XXX A contents adjusted to form 2 BCD
digits. C is affected.

DEC A 00000111 1 XXX XX Decrement A by 1.

(A)=(A)-1

DEC Rr 11001rrr 1 X1 XX Decrement Rr by 1.

(Rr)<(Rr)-1

r=0-7

DIS | 00010101 1 X1 X[ XX Disable external interrupt (8048,
8041A). Disable write interrupt
(8041).

DIS TCNTI 00110101 1 XX | X]X Disable timer/counter interrupt.

A-5
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Binary 0 |<—( - o~ — .
Mnemonic Code Cycles 313131818 Function
0| 0| 0| © | 0
DJNZ Rr, addr 11101rrr 2 X[ X| XXX Decrement Rr by 1. If Rr NOT 0,
(Rr)<(Rr)-1 aaaaaaaa jump to addr.
r=0-7
If Rr NOT 0,
(PCO-7)<addr
EN DMA 11100101 1 X Enable direct memory access.
EN FLAGS 11110101 1 X Make OBF and IBF available at ports
24 & 25.
ENI 00000101 1 XX XX Enable external interrupt (8048,
8041A). Enable write interrupt
(8041).
EN TCNTI 00100101 1 XIX{X|X Enable timer/counter interrupt.
ENTO CLK 01110101 1 X Enable TO as internal oscillator
output.
IN A,DBB 00100010 1 X | X Input DBB data to A. Clear IBF.
(A)<(DBB)
IN A,Pp 000010pp 2 XX XXX Input port p data to A. All use
(A)<(Pp) P1-P2. Only 8021/8022 use
p=0-2 PO - P2.
INC A 00010111 1 XXX [{X X Increment A by 1.
(A)=(A)+1
INC Rr 0001 1rrr 1 XX | X]X]|X Increment Rr by 1.
(Rr)<(Rr)+1
r=0-7
INC @Rr 0001000r 1 XX | X[ XX Increment resident RAM location
((Rr))<((Rr))+1 addressed by Rrby 1.
r=0-1
INS A,BUS 00001000 2 X Read BUS with RD strobe and input
(A)«<(BUS) contents to A.
}Bb addr bbb10010 2 XXX Jump to addr if bit b of Ais 1.
b=0-7 aaaaaaaa
If Bb=1
(PC0-7)<addr
JC addr 11110110 2 XXX X|X Jump to addr if C=1.
If C=1, aaaaaaaa

(PC0-7)<«addr




Binary

O [ R e
|| | o] .

Mnemonic Code Cycles RQIIISI SR Function
JFO addr 10110110 2 X1 XX Jump to addr if FO=1.
If FO=1, aaaaaaaa
(PC0-7)<addr
JF1 addr 01110110 2 XXX Jump to addr if F1=1.
If F1=1,
(PC 0-7)<addr

10 8
JMP addr 2aa00100 2 XXX X |X Jump to addr unconditionally.
(PC8-10)<«addr 8-10 7 0 PC 10-11 must be zero for 8041,
(PCO-7)<addr 0-7 aaaaaaaa 8041A, and 8021.
(PC11)«(DBF)
JMPP @A 10110011 2 XX [X]|X X The contents of the program
(PC 0-7)«((A)) memory location pointed to by A are
substituted for PC bits 0-7.

JNC addr 11100110 2 XX | X[X[X Jump to addr if C=0.
If C=0, aaaaaaaa
(PC 0-7)<-addr
JNI addr 10000110 2 X Jump to addr if interrupt input goes
If 1=0, aaaaaaaa low (1=0).
(PC 0-7)<addr
JNIFB addr 11010110 2 X | X Jump to addr if IBF=0.
If IBF=0, aaaaaaaa
(PC 0-7)<addr
JNTO addr 00100110 2 XX | XX Jump to addr if TO=0.
I1f TO=0, aaaaaaaa
(PC 0-7)<addr
JNTT addr 01000110 2 XXX X |X Jump to addr if T1=0.
If T1=0, aaaaaaaa
(PC 0-7)<addr
JNZ addr 10010110 2 XX | X| X [X Jump to addr if A contents are not
If A#0, aaaaaaaa zero.
(PC 0-7)<addr
JOBF addr 10000110 2 XX Jump to addr if OBF=1.
If OBF=1, aaaaaaaa
(PC 0-7)<addr
JTF addr 00010110 2 XX |X]|X|X Jump to addr if TF=1.
If TF=1, aaaaaaaa

(PC 0-7)<addr

Appendix A. MCS-48 and UPI-41 Instruction Summary
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Binary ol Tl o ol =
Mnemonic Code Cycles S22 818 Function
0 e} [e o] oo 0

JTO addr 00110110 2 XX |X[X Jump to addr if TO=1.
If TO=1, aaaaaaaa
(PC 0-7)<addr
JT1 addr 01010110 2 X[ X[ X | XX Jump to addr if T1=1.
If T1=1, aaaaaaaa
(PC 0-7)<addr
JZ addr 11000110 2 XXX | XX Jump to addr if A contents are zero.
If A=0, aaaaaaaa
(PC 0-7)<addr
MOV A, #data 00100011 2 XX | XX ]|X Move immediate data into A.
(A)<data dddddddd
MOV A,RSW 11000111 1 XXX Move PSW data into A.
(A)<=(PSW)
MOV A,Rr T rrr 1 XXX XX Move data in Rr into A.
(A)=(Rr)

r=0-7
MOV A,@Rr 1111000r 1 XX | X| XX Move data in resident RAM location
(A)<((Rr)) addressed by Rrinto A.

r=0-1
MOV AT 01000010 1 XXX XX Move data in timer into A.
(A)(T)
MOV PSW,A 11010111 1 X[ XX Move data in A into PSW.
(PSW)«(A)
MOV Rr,A 10101 rrr 1 X| X[ X[X|X Move data in A into Rr.
(Rr)«(A)

r=0-7
MOV Rr,#data 1011 rrr 2 XXX XX Move immediate data into Rr.
(Rr)«data dddddddd

r=0-7
MOV @Rr,A 1010000~ 1 X|IX[X|X|X Move data in A into resident RAM
((Rr)«(A) location addressed by Rr.

r=0-1
MOV @Rr,#data 1011000r 2 X[ X[X[X[X Move immediate data into resident
((Rr))«data dddddddd RAM location addressed by Rr.

r=0-1
MOV STS,A 10010000 1 X Place accumulator bits 4-7 in user-

definable STATUS latch.
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Binary 8 I I I
Mnemonic Code Cycles é % § § § Function

MOV T,A 01100010 1 XX X[ XX Move data in A into timer.
(T)(A)
MOVD A,Pp 00001 1pp 2 XXX XX Move data in 8243 port p into A bits
(A 0-3)<Pp 0-3. Zero A bits 4-7.
(A 4-7)<0

p=4-7
MOVD Pp,A 001111pp 2 XXX | XX Move data in A into 8243 port p.
(Pp)«(A 0-3)

p=4-7
MOVP A,@A 10100011 2 XX X| XX Move data in program memory
(PC 0-7)+(A) location addressed by A into A.
(A)<((PC)) Program counter is restored.
MOVP3 A,@A 11100011 2 X | XX Move data in program memory page
(PC 0-7)«(A) 3 location addressed by A into A.
(PC 8-10)<011B Program counter is restored.
(A)<((PC))
MOVX A,@Rr 1000000r 2 X Move data in external RAM location
(A)<((Rr)) addressed by Rr into A.

r=0-1
MOVX @Rr,A 1001000r 2 X Move data in A into external RAM
((Rr))<A location addressed by Rr.

r=0-1
NOP 00000000 1 X[ X[ X|X[X No operation.
ORL A,#data 01000011 2 XX | X[ XX OR contents of A with data mask.
(A)<(A) OR data dddddddd
ORL A,Rr 01001rrr 1 XX | XXX OR data in A with Rr mask.
(A)<(A) OR (Rr)

r=0-7
ORL A,@Rr 0100000t 1 X[ X[ X]|X[X OR data in A with mask in resident
(A)<(A) OR ((Rr)) RAM location addressed by Rr.

r=0-1
ORL BUS,#data 10001000 2 X OR contents of BUS with data mask.
(BUS)«(BUS) OR data dddddddd
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. <
Binary gls|5/8)8
Mnemonic Code Cycles SLIIIBIRNIK Function

ORL Pp,#data 100010pp 2 X| X1 X OR contents of port p with data
(Pp)«(Pp) OR data dddddddd mask.

p=1-2
ORLD Pp,A 100011pp 2 X X| XXX OR data in 8243 port p with mask in
(Pp)«(Pp) OR (A0-3) A bits 0-3.

p=4-7
OUT DBB,A 00000010 1 X | X Output data in A to DBB. Set OBF.
(DBB)<«(A)
OUTL BUS,A 00000010 2 X Output data in A to BUS and latch.
(BUS)<(A)
OUTL PO,A 10010000 2 X | X Output data in A to port 0 and latch.
(PO)<(A)
OUTL Pp,A 001110pp 2 X X| XX |X Output data in A to port p and latch.
(Pp)<(A)

p=1-2
RAD 10000000 2 X Move conversion result to A.
RET 10000011 2 X X| X |[X|X Restore program counter from stack
(SP)«(sP)-1 and return to main routine.
(PC)<((sP))
RETI 10010011 2 X Return from interrupt.
RETR 10010011 2 X | X]|X Restore program counter and PSW
(SP)«(SP)~1 bits 4-7 from stack and return to
(PC)<((SP)) main routine. Reenable interrupts if
(PSW4-7)<((SP)) the interrupt enable flip-flop is set.
RL A 11100111 1 XX XXX Rotate A left. Cis unaffected.
{An+1)<(An)
(A0)«(A7)

n=0-6
RLC A 11110111 1 X|X| XX |X Rotate A left, through C.
(An+1)<(An)
(A0)«(C)
(C)<(A7)

n=0-6
RR A 01110111 1 XX X|X|X Rotate A right. C is unaffected.
(An)<(An+1)
(A7)<(A0)

n=0-6

A-10
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Binary o0 I PN —
S| Nl
Mnemonic Code Cycles RIS KIS Function

RRC A 01100111 1 XXX XX Rotate A right, through C.
(An)<(An+1)
(A7)<(C)
(C)(A0)

n=0-6
SEL ANO 10000101 1 X Select analog input 0.
SEL ANT1 10010101 1 X Select analog input 1.
SEL MBO 11100101 1 X Select program memory bank 0.
(DBF)<«0
SEL MBI 11110101 1 X Select program memory bank 1.
(DBF)<1
SEL RBO 11000101 1 X XX Select working register bank 0.
(BS)«0
SEL RBI1 11010101 1 X|X]|X Select working register bank 1.
(BS)<1
STOP TCNT 01100101 1 XX XXX Stop timer or disable event counter.
STRT CNT 01000101 1 XX | X[ XX Enable T1 as event counter input and

start.

STRTT 01010101 1 XX X]|X|X Clear timer prescaler and start timer.
SWAP A 01000111 1 X XXX X Swap A bits 0-3 with A bits 4-7.
(A4-7)<(A0-3)
XCH A,Rr 00101rrr 1 X X]|X]|X|X Exchange contents of A and Rr.
(A)=(Rr)

r=0-7
XCH A,@Rr 0010000+ 1 XXX XX Exchange contents of A and resident
(A)<((Rr)) RAM location addressed by Rr.

r=0-1
XCHD A,@Rr 0011000r 1 XXX X|X Exchange A bits 0-3 with bits 0-3 of
(A0-3)<>((Rr0-3)) resident RAM location addressed by

r=0-1 Rr.
XRL A,#data 11010011 2 XXX XX XOR contents of A with data mask.
(A)<(A) XOR data dddddddd
XRL A,Rr 1101 1rrr 1 XXX X|X XOR data in A with mask in Rr.
(A)<(A) XOR (Rr)

r=0-7
XRL A,@Rr 1101000r 1 X{X{ X[ XX XOR data in A with mask in resident

(A)<(A) XOR ((Rr))
r=0-1

RAM location addressed by Rr.

A-1
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SUMMARY BY HEXADECIMAL OPCODE

Code Mnemonic 8048 |8041A| 8041 | 8022 | 8021 | Code Mnemonic 8048 |8041A| 8041 | 8022 | 8021
00 NOP , X X X X X 20 XCH A,@R0 X X X X X
01 undefined — - — — 21 XCH A,@R1 X X X X X
02 OUTL BUS,A X — — — 22 IN A,DBB — X X — -
02 OUT DBB,A — X X - —

03 ADD A,#data X X X X X 23 MOV A #data X X X X X
04 JMP (Page 0) X X X X X 24 JMP (Page 1) X X X X X
05 EN | X X X X — 25 EN TCNTI X X X X —
06 undefined - - — — — 26 JNTO X X X X —
07 DEC A X X X X X 27 CLR A X X X X X
08 INS A, BUS X — — — — 28 XCH A,RO X X X X X
08 IN A,PO - — — X X

09 IN AP1 X X X X X 29 XCH A,R1 X X X X X
0A IN A,P2 X X X X X 2A XCH A,R2 X X X X X
0B undefined — — - — - 2B XCH A,R3 X X X X X
0C MOVD A,P4 X X X X X 2C XCH A,R4 X X X X X
0D MOVD A,P5 X X X X X 2D XCH A,R5 X X X X X
OE MOVD A,P6 X X X X X 2E XCH A,R6 X X X X X
OF MOVD A P7 X X X X X 2F XCH A,R7 X X X X X
10 INC @RO X X X X X 30 XCHD A,@RO X X X X X
11 INC @R1 X X X X X 31 XCHD A,@R1 X X X X X
12 JBO X X X - - 32 JB1 X X X - —
13 ADDC A #data | X X X X X 33 undefined - — — - —
14 CALL (Page 0) X X X X X 34 CFLL (Page 1) X X X X X
15 DIS | X X X X — 35 DIS TCNT! X X X X —
16 JTF X X X X X 36 JTO X X X X -
17 INC A X X X X X 37 CPL A X X X X X
18 INC RO X X X X X 38 undefined — — — — -
19 INC R1 X X X X X 39 OUTL P1,A X X X X X
1A INC R2 X X X X X 3A OUTL P2,A X X X X X
1B INC R3 X X X X X 3B undefined — - - - -
1C INC R4 X X X X X 3C MOVD P4,A X X X X X
1D INC R5 X X X X X 3D MOVD P5,A X X X X X
1E INC R6 X X X X X 3E MOVD P6,A X X X X X
1F INC R7 X X X X X 3F MOVD P7,A X X X X X
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Code Mnemonic 8048 |8041A| 8041 | 8022 | 8021 | Code Mnemonic 8048 [8041A| 8041 | 8022 | 8021
40 ORL A,@RO X X X X X 60 ADD A,@RO X X X X X
41 ORL A,@RT1 X X X X X 61 ADD A,@R1 X X X X X
42 MOV AT X X X X X 62 MOV T,A X X X X X
43 ORL A,#data X X X X X 63 undefined — — - — —
44 JMP (Page 2) X X X X X 64 JMP (Page 3) X X X X X
45 STRT CNT X X X X X 65 STOP TCNT X X X X X
46 JNT1 X X X X X 66 undefined - - - - —
47 SWAP A X X X X X 67 RRC A X X X X X
48 ORL A,RO X X X X X 68 ADD A,RO X X X X X
49 ORL A,R1 X X X X X 69 ADD A,R1 X X X X X
4A ORL A,R2 X X X X X 6A ADD A,R2 X X X X X
4B ORL A,R3 X X X X X 6B ADD A,R3 X X X X X
4C ORL A,R4 X X X X X 6C ADD A,R4 X X X X X
4D ORL AR5 X X X X X 6D ADD AR5 X X X X X
4E ORL A,R6 X X X X X 6E ADD A,R6 X X X X X
4F ORL A,R7 X X X X X 6F ADD A,R7 X X X X X
50 ANL A,@RO X X X X X 70 ADDC A,@RO X X X X X
51 ANL A,@R1 X X X X X 71 ADDC A,@R1 X X X X X
52 ]B2 X X X — — 72 JB3 X X X —
53 ANL A,#data X X X X X 73 undefined - — - — —
54 CALL (Page 2) X X X X X 74 CALL (Page 3) X X X X X
55 STRTT X X X X X 75 ENTO CLK X - - — —
56 JT1 X X X X X 76 JF1 X X X — —
57 DA A X X X X X 77 RR A X X X X X
58 ANL A,RO X X X X X 78 ADDC A,RO X X X X X
59 ANL A,R1 X X X X X 79 ADDC A,R1 X X X X X
5A ANL A)R2 X X X X X 7A ADDC A,R2 X X X X X
5B ANL A,R3 X X X X X 7B ADDC A,R3 X X X X X
5C ANL A R4 X X X X X 7C ADDC A,R4 X X X X X
5D ANL AR5 X X X X X 7D ADDC AR5 X X X X X
5E ANL A,R6 X X X X X 7E ADDC A,R6 X X X X X
5F ANL A,R7 X X X X X 7F ADDC A,R7 X X X X X

A-13
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Code Mnemonic 8048 |8041A| 8041 | 8022 | 8021 ] Code Mnemonic 8048 |8041A| 8041 | 8022 | 8021
80 MOVX A,@RO X - — — — AO MOV @RO,A X X X X X
80 RAD - - - X -

81 MOVX A,@RT1 X — - — - Al MOV @R1,A X X X X X
82 undefined — — — — - A2 undefined - - — - -
83 RET X X X X X A3 MOVP A @A X X X X X
84 JMP (Page 4) X — - X - A4 JMP (Page 5) X — — X —
85 CLR FO X X X — — AS CLR F1 X -
85 SEL ANO - — — X —

86 JNI X — — — - A6 undefined — - — — -
86 JOBF - X — -

87 undefined — — — — — A7 CPLC X X X X X
88 ORL BUS,#data] X — — - — A8 MOV RO,A X X X X X
89 ORL P1,#data X X X - — A9 MOV R1,A X X X X X
8A ORL P2,#data X X X — AA | MOV R2,A X X X X X
8B | undefined — — - — — AB | MOV R3,A X X X X X
8C ORLD P4,A X X X X X AC | MOV R4,A X X X X X
8D ORLD P5,A X X X X X AD | MOV R5,A X X X X X
8E ORLD P6,A X X X X X AE | MOV R6,A X X X X -X
8F ORLD P7,A X X X X X AF | MOV R7,A X X X X X
90 MOV X @RO,A X — — — BO MOV @RO#data| X X X X X
90 OUTL PO,A - - - X X

90 MQV STS,A — X - - —

91 MOVX @R1,A X — - - - B1 MOV @R1#data| X X X X X
92 )B4 X X X - - B2 JB5 X X X - -
93 RETR X X X — B3 JMPP @A X X X X X
93 RETI - —~ - X -

94 CALL (Page 4) X — - X — B4 CALL (Page 5) X — — X —
95 CPL FO X X X - — B5 CPL F1 X -

95 SEL ANT - — - X —

96 JNZ X X X X X B6 JFO X X X —
97 CLRC X X X X X B7 undefined — — — - —
98 ANL BUS,#data] X — — — — B8 MOV RO,#data | X X X X X
99 ANL P1,#data X X X — - B9 MOV R1,#data | X X X X X
9A ANL P2,#data X X X - — BA | MOV R2,#data | X X X X X
9B undefined -~ - - - - BB | MOV R3,#data | X X X X X
9C ANLD P4,A X X X X X BC MOV R4 #data | X X X X X
9D ANLD P5,A X X X X X BD | MOV R5,#data | X X X X X
9E ANLD P6,A X X X X X BE MOV R6,#data | X X X X X
9F ANLD P7,A X X X X X BF MOV R7,#data | X X X X X
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Code Mnemonic 8048 [8041A| 8041 | 8022 | 8021 | Code Mnemonic 8048 |8041A| 8041 | 8022 | 8021
COo undefined — — - - — EO undefined - - — - -
Cl undefined — - — — — E1 undefined - — — - -
C2 undefined — — — — — E2 undefined — — - -
C3 undefined — - — — — E3 MOVP3 A,@A X X - -
C4 -| JMP (Page 6) X - X — E4 JMP (Page 7) X — - X -
Cs5 SEL RBO X X — — ES SEL MBO X — - -

ES EN DMA - X - - —
Cé6 |z X X X X X E6 JNC X X X X X
c7 MOV A,PSW X X X — — E7 RL A X X X X X
C8 DEC RO X X X - - E8 DJNZ RO,addr X X X X X
Cc9 DEC R1 X X X - - E9 DJNZ R1,addr X X X X X
CA | DECR2 X X X - - EA DJNZ R2,addr X X X X X
CB DEC R3 X X X — - EB DJNZ R3,addr X X X X X
CcC DEC R4 X X X - - EC DJNZ R4,addr X X X X X
CD | DECR5 X X X - - ED DJNZ R5,addr X X X X X
CE DEC R6 X X X — — EE DJNZ R6,addr X X X X X
CF DEC R7 X X X — — EF DJNZ R7,addr X X X X X
DO XRL A,@R0 X X X X X FO MOV A,@R0O X X X X X
D1 XRL A,@R1 X X X X X F1 MOV A,@R1 X X X X X
D2 }B6 X X X — - F2 JB7 X X X -
D3 XRL A,#data X X X X X F3 undefined — — - —
D4 | CALL (Page6) | X — — X F4 | CALL (Page7) | X — — X —
D5 SEL RB1 X X X - — F5 SEL MBT1 X — — —~ —

F5 EN FLAGS - X - — —
D6 JNIBF — X X F6 JC X X X X X
D7 MOV PSW, A X X X — — F7 RLC A X X X X X
D8 XRL A,RO X X X X X F8 MOV A,RO X X X X X
D9 XRL A,R1 X X X X X F9 MOV A,RT1 X X X X X
DA | XRL A,R2 X X X X X FA | MOV AR2 X X X X X
DB | XRL A,R3 X | X X X X FB MOV A,R3 X X X X X
DC | XRL A,R4 X X X X X FC MOV A,R4 X X X X X
DD | XRL A,R5 X X X X X FD | MOV AR5 X X X X X
DE | XRL A,R6 X X X X X FE MOV A,R6 X X X X X
DF | XRL A,R7 X X X X X FF MOV A,R7 X X X X X
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B. ASSEMBLER DIRECTIVE SUMMARY

Assembler directives are summarized alphabetically in this appendix. The following terms are used to describe the
contents of directive fields.

NOTATION
Term Interpretation

Expression Numerical expression evaluated during assembly; must
evaluate to 8 or 16 bits depending on directive issued.

List Series of symbolic values or expressions, separated by
commas.

Name Symbol name terminated by a space.

Null Field must be empty or an error results.

Oplab Optional label; must be terminated by a colon.

Parameter Dummy parameters are symbols holding the place of

actual parameters (symbolic values or expressions)
specified elsewhere in the program.

String Series of ASCII characters, surrounded by single quote
marks.
Text Series of ASCII characters.

Macro definitions and calls allow the use of the special characters listed below.

Character Function
& Ampersand. Used to concatenate symbols.
O Angle brackets. Used to delimit text, such as lists, that

contain other delimiters.
» Double semicolon. Used before a comment in a macro

definition to prevent inclusion of the comment in each
macro expansion.
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Character Function
! Exclamation point (escape character). Placed before a
delimiter to be passed as a literal in an actual parameter.

To pass a literal exclamation point, issue ‘!!.’

% Percent sign. Precedes actual parameters to be evaluated
immediately when the macro is called.

SUMMARY OF DIRECTIVES

FORMAT FUNCTION

Label Opcode Operand(s)

oplab: DB exp(s) or string(s) Define 8-bit data byte(s). Expressions must
evaluate to one byte.

oplab: DS expression Reserve data storage area of specified length.

oplab: DW exp(s) or string(s) Define 16-bit data word(s). Strings limited to
1-2 characters.

oplab: ELSE null Conditional assembly. Code between ELSE
and ENDIF directives is assembled if expression
in IF clause is FALSE. (See IF.)

oplab: END expression Terminate assembler pass. Must be last statement
of program. Program execution starts at ‘exp,’
if present; otherwise, at location 0.

oplab: ENDIF null Terminate conditional assembly block.
oplab: EOT null Specify end of paper tape.
name EQU expression Define symbol ‘name’ with value ‘exp.” Symbol

is not redefinable.

oplab: IF expression Assemble code between IF and following ELSE
or ENDIF directive if ‘exp’ is true.

oplab: ORG expression Set location counter to ‘expression.’

name SET expression Define symbol ‘name’ with value ‘expression.’
Symbol can be redefined.




MACRO DIRECTIVES
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FORMAT FUNCTION

Label Opcode Operand(s)

null ENDM null Terminate macro definition.

oplab: EXITM null Alternate terminator of macro definition. (See
ENDM.)

oplab: IRP dummy param (list) Repeat instruction sequence, substituting one
element from ‘list’ for ‘dummy param’ in
each iteration.

oplab: IRPC - dummy param, text Repeat instruction sequence, substituting one
character from ‘text’ for ‘dummy param’ in
each iteration.

null: LOCAL label name(s) Specify label(s) in macro definition to have
local scope.

name MACRO dummy param(s) Define macro ‘name’ and dummy parameter(s)
to be used in macro definition.

oplab: REPT expression Repeat REPT block ‘expression’ times.
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C. ASSEMBLER CONTROL SUMMARY

CONTROL FORMATS

Assembler controls can be specified during the assembly operation, or can be embedded as control lines in the
source file.

The possible formats are:

[:Fn:] ASM48 sourcefile control-list (ISIS-11 assembly-time control specification)
P=n control-list (MONITOR assembly-time control specification)
$control-list (control line)

Items in the control list are separated by blanks. For control lines, the ‘$’ preceding the first control must be in
column 1. All controls must be spelled out in their entirety. Primary controls must be specified before the first
source file statement.

COMMON CONTROLS

The following controls are common to both the ISIS-[I and MONITOR assemblers.

Control Prim/Gen Description

COND General Include conditionally-skipped source code
and directives in assembly listing.

DEBUG Primary Include symbol table in object file.

EJECT General Skip to logical top-of-form.

LIST General I1SIS-11: Generate assembly listing to file

specified by PRINT.

MONITOR: Enable printout of assembly
listing during pass 2 or pass 4.

MOD21 Primary Recognize 8021 instruction set.
MOD22 Primary Recognize 8022 instruction set.

MOD41 Primary Recognize UPI-41 instruction set.
MOD41A Primary Recognize 8041A instruction set.
NOCOND General Suppress listing of conditionally-skipped

source code.
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Control Prim/Gen Description

NODEBUG Primary Suppress inclusion of symbol table in object
file.

NOLIST General ISIS-I1: Suppress listing of PRINT file, except

header, symbol and XREF tables and errors.
MONITOR: Negate effect of pass 2 or pass
4 listing request, except header, symbol and
XREF tables, and errors.

NOPAGING Primary Assembly listing is not broken into separate
pages.

NOSYMBOLS Primary Suppress listing of symbol table.

NOXREF Primary Suppress generation of symbol-cross-reference
file.

PAGELENGTH(n) Primary Set page length to ‘n’ lines.

PAGEWIDTH(n) Primary . Set page width to ‘n’ characters.

PAGING ' Primary Break assembly listing into pages; repeat headers

each page break.
SYMBOLS Primary Include symbol table in assembly list.

TITLE(‘str’) General Print string (up to 64 characters) as second line
of page header on assembly listing.

XREF Primary Create symbol-cross-reference file.
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The following controls are unique to the ISIS-11 assembler.

Control

GEN
INCLUDE file)
MACRODEBUG
MACROFILE (dr)
NOGEN
NOMACRODEBUG

NOMACROFILE
NOOBJECT

NOPRINT

NOTTY

OBJECT(file)

PRINT (file)
RESTORE
SAVE

TTY

Prim/Gen

General

General

Primary

Primary

General

Primary

Primary
Primary

Primary

Primary

Primary

Primary

General

General

Primary

Description

Include macro expansion source text in
assembly listing.

Inculde specified source file in file being
processed.

Include assembler-generated symbols in
assembly listing and object file.

Run program containing macros; direct macro
temporary files to specified drive

Suppress listing of macro expansion source
text.

Suppress output of assembler-generated
macro symbols.

Do not create macro temporary files.
Suppress generation of object file.

Suppress generation of assembly listing
file. ‘

Issues hardware form-feed (not recognized
by TTY) to listing device.

Create object file on specified device.

Create assembly listing file on specified
device.

Restore most recent command set from
command stack.

Save current setting of LIST, COND, and
GEN controls in command stack.

Teletype output listing file (issues appropriate

number of line feeds to simulate hardware
form-feed.

C-3



Appendix C. Assembler Control Summary

MONITOR ASSEMBLER PASS OPTIONS

The following are valid responses to the MONITOR assembler’s ‘pass number’ prompt (P=). The first pass number
specified must be ‘1.’

Pass Description
1 Assembler builds symbol table.
2 Assembly listing is generated.
3 Object file is punched into paper tape.
4 Object file and assembly listing are

generated. (Must be on separate devices.)

E Exit to Intellec monitor.

DEFAULTS

1S1S-11 Assembler MONITOR Assembler

COND COND

GEN LIST

LIST NODEBUG

NODEBUG NOXREF

NOMACRODEBUG PAGELENGTH(66)

NOMACROFILE PAGEWIDTH(120)

NOTTY

NOXREF PAGING

OBJECT(source.HEX) SYMBOLS

PAGELENGTH(66)

PAGEWIDTH(120)

PAGING

PRINT (source.LST)

SYMBOLS

c4



D. LIST FILE FORMATS

ASSEMBLY LISTING FORMAT

The assembly listing format is essentially the same for both the ISIS-11 and Intellec MONITOR versions of the
assembler. The list file is designed for output to a line printer or terminal. Unless otherwise specified, an output
page consists of 66 lines, 120 characters wide, including three leading and three trailing blank lines, the page header,
title line, column headings, and assembly output lines. If a listing line exceeds the right margin setting, it is con-
tinued in column 25 of the following line (unless the line exceeds 132 characters, in which case those Y132 are
truncated).

For the ISIS-11 assembler only, the first line of the first page of a listing is an echo of the I1SIS-11 call to the assem-
bler followed by the page header.

If the NOPAGING assembler control is selected, the page header is followed by the title line and column heading,
and finally the complete assembly listing with no additional headers.
Page Header
Columns Description
1-40 The string ‘ISIS-1I MCS-48/UP1-41 MACRO ASSEMBLER’

or
The string ‘INTELLEC MONITOR MCS-48/UP1-41 ASSEMBLER’

41 Blank.

42-45 The string ‘Vx.y’ where ‘X’ is the version and ‘y’ is the release number.
46-64 Blanks.

65-68 The string ‘PAGE’

69 Blank.

70-72 Three character positions containing the page number in decimal.
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Title Line
Columns Description
1-64 Program title as specified in TITLE assembler control

Column Heading

Columns Description

1-2 Blanks.

3-5 The string ‘LOC’

6-7 Blanks.

8-10 The string ‘OB)’

11-16 Blanks.

17-19 The string ‘LINE’

3146 The string ‘SOURCE STATEMENT’

Assembly Output Line
Columns Description

1 : Assembler error code. If the assembler encountered an error in
this source line, the appropriate error code appears in this col-
umn. Otherwise, this column is blank. If an error occurs in the
present line, the following line will be blank except for a deci-
mal sequence number in columns 3-6 enclosed by parentheses.
This sequence number is a pointer to the previous line containing
an error. The first error encountered in a program will be followed
by a line with a pointer equal to zero. See Appendix F for error

codes.
2 Minus (—) sign for macro definition (skeleton) lines; otherwise blank.
3-6 The address assigned to the first byte of the object code shown

in columns 8-9 of this line is printed in hexadecimal. In addition,
the result of the value-generating assembler directives ORG, EQU,
SET, and END will appear in this field. For END, the program
start address value will appear in this field if specified; otherwise
blank.
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Columns Description
7 Blank.
89 The first byte of object code produced by the assembler for this

source line is printed here in hexadecimal. If the source statement
produces no object code (comments and assembler directives),
this field is blank.

10-11 Second byte of object code in hexadecimal. This field will be
blank if the source statement generates only one byte of object
code or no object code.

12-13 Third byte of object code in hexadecimal, if generated.
14-15 Fourth byte of object code in hexadecimal, if generated.
16-17 Blanks.

18 (ISIS assembler only.) Blank if no nested source INCLUDE

files; otherwise, the number 1-4 indicating the level of nesting.

19 (ISIS assembler only.) Blank if not listing a source INCLUDE
file; otherwise an ‘=’ sign.

20-23 Four character positions containing the source line number
in decimal, right-justified and left blank-filled.

24 (ISIS assembler only.) Macro expansion flag. A ‘+’ in this column
indicates that the source line was produced as a result of a macro
expansion. Otherwise, this column will be blank.

25- ... Listing of assembler source text. This field terminates at column
72 for most output devices other than the line printer. For a line

printer, this field terminates at column 132.

For DB and DW assembler directives containing a /ist of operands, the generated code for each operand will be listed
on a separate line.

If a list line exceeds the specified page width, the source line continues starting at column 25 of the next line.

Symbol Table Listing

The listing of the assembled source code is followed by an optional symbol table listing. If the NOSYMBOLS control
is specified, the symbol table listing is suppressed.

The symbol table is preceded by the title ‘USER SYMBOLS’ in columns 1-12 of the listing. The format of a symbol
table output line is as follows:
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Columns Description

1-6 Symbol name up to six characters, left justified.

7 Blank.

811 Symbol value in hexadecimal.

1215 Blanks.

16-n Repetition of columns 1-15 format where ‘n’ is the pagewidth.

Error Summary

After listing the last line of the symbol table and spacing one line, the assembler lists an error summary line in the
following format:

Columns Description
1-19 The string ‘ASSEMBLY COMPLETE’
20-23 Number of errors. Four character positions containing the

number of errors in the source encountered during assembly.
This number is output in decimal, right-justified and left
blank-filled. If there are no errors, the string ‘NO’ is output

instead.
24 Blank.
25-30 - The string ‘(ERRORS’ (or ‘ERROR if only one error in program).
31 Blank.
32 If the number of errors is not zero, the character ‘(’; otherwise,
blank.
33-36 If the number of errors is not zero, these four character posi-

tions contain the sequence number (in decimal) of the last
source line with an error; otherwise, blank.

37 If the number of errors is not zero, the character )’; otherwise,
blank.
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SYMBOL-CROSS-REFERENCE LISTING

Both assemblers generate a file of symbol-cross-reference records during assembly pass 1 if the XREF assembler
control is selected. This control is described in Chapter 8. The actual symbol-cross-reference listing is generated
by running either the paper-tape-resident or disk-resident version of the XREF utility program, using the file
created during pass 1 as input. The utility sorts symbols alphabetically before producing its listing.

Page Header

Columns

1-49

50
51-54
55-65
65-68
69

70-72

Cross-Reference OQutput Line
Columns

1-6

8-11

12

13-14

15-68

Description
The string ‘ISIS-Il ASSEMBLER SYMBOL CROSS REFERENCE’
The st(r)irng ‘INTELLEC MONITOR ASSEMBLER SYMBOL CROSS
REFERENCE’
Blank.
The string ‘Vx.y’ where ‘x’ is the version and ‘y’ is the release number.
Blanks.
The string ‘PAGE’

Blank.

Three character positions containing the page number in decimal.

Description

For lines that start a new entry, this field contains the symbol
itself; otherwise, blank.

Blank.

Sequence number of source line containing a reference to or
definition of the current symbol entry.

Blank if the source line contains a reference; ‘#’ if the source
line contains a definition.

Blanks.

Repetitions of format in columns 1-14.
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If no errors are found during the symbol-cross-reference listing, the message
CROSS REFERENCE COMPLETE

is issued. If an error is found, the listing terminates immediately.



E. REFERENCE TABLES

This appendix contains the following general reference tables:

® ASCII codes
® Powers of two
® Powers of 16 (in base 10)
® Powers of 10 (in base 16)
® Hexadecimal-decimal integer conversion

ASCII CODES
The 8048 uses the 7-bit ASCII code, with the high-order 8th bit (parity bit) always reset.

GRAPHIC OR ASCII GRAPHIC OR ASCII GRAPHIC OR ASCII
CONTROL (HEXADECIMAL) CONTROL (HEXADECIMAL) CONTROL (HEXADECIMAL)
NUL 00 + 2B Y 56
SOH 01 , 2C W 57
STX 02 -~ 2D X 58
ETX 03 . 2E Y 59
EOT 04 / 2F Z 5A
ENQ 05 0 30 [ 5B
ACK 06 1 31 \ 5C
BEL 07 2 32 ] 5D
BS 08 3 33 AL(T) 5E
HT 09 4 34 — () 5F
LF 0A 5 35 \ 60
VT 0B 6 36 a 61
FF ocC 7 37 b 62
CR oD 8 38 c 63
SO OE 9 39 d 64
SI OF : 3A e 65
DLE 10 ; 3B f 66
DC1 (X-ON) 1 < 3C g 67
DC2 (TAPE) 12 = 3D h 68
DC3 (X-OFF) 13 > 3E i 69
DC4 (FAPH 14 ? 3F j 6A
‘NAK 15 @ 40 k 6B
SYN 16 A 41 I 6C
ETB 17 B 42 m 6D
CAN 18 C 43 n 6E
EM 19 D 44 o 6F
SuUB 1A E 45 p 70
ESC 1B F 46 q 71
FS 1C G 47 r 72
GS 1D H 48 s 73
RS 1E | 49 t 74
us 1F J 4A u 75
SP 20 K 4B v 76
! 21 L 4C w 77
" 22 M 4D X 78
# 23 N 4E y 79
$ 24 0] 4F z 7A
% 25 P 50 { 7B
& 26 Q 51 | 7C
/ 27 R 52 } (ALT MODE) 7D
( 28 S 53 ~ 7E
) 29 T 54 DEL (RUB OUT) 7F
* 2A u 55

E-1



Appendix E. Reference Tables

O N -

18

72
144
288
576

152
305
611
223

[P N S

E-2

o0 aEN -

35
70
140

281
562
125
251

503
007
014
028

057
1156
230
460

921
843
686
372

e N

17
34

68
137
274
549

099
199
398
796

592
184
368
737

474
949
899
799

599
199
398
797

594
188
376
752

504
009
018
036

0 HN =

16
33
67
134

268
536
073
147

294
589
179
359

719
438
877
755

511
023

093

186
372
744
488

976
953
906
813

627
254
509
018

037
075
151
303

606
213
427
854

POWERS OF TWO

2" o 2"
1 010
2 105
4 2 025
8 3 0.125
16 4 0.062 5
32 5 0.031 25
64 6 0.015 625
128 7 0.007 812 5
256 8 0.003 906 25
512 9 0.001 953 125
1 024 10 0.000 976 562
2 048 11 0.000 488 281
4 096 12 0.000 244 140

8 192 13 0.000 122 070
16 384 14 0.000 061 035
32 768 15 0.000 030 517

65 536 16 0.000 015 258

5
25

625
312
156
578

789

131 072 17 0.000 007 629 394

262 144 18 0.000 003 814
524 288 19 0.000 001 907

048 576 20 0.000 000 953
097 152 21 0.000 000 476
194 304 22 0.000 000 238
388 608 23 0.000 000 119

777 216 24 0.000 000 059
554 432 25 0.000 000 029
108 864 26 0.000 000 014
217 728 27 0000 000 007

435 456 28 0.000 000 003
870 912 29 0.000 000 001
741 824 30 0.000 000 000
483 648 31 0.000 000 000

967 296 32 0000 000 000
934 592 33 0000 000 000
869 184 34 0.000 000 000
738 368 35 0.000 000 000

476 736 36 0.000 000 000
3953 472 37 0.000 000 000
906 944 38 0.000 000 000
813 888 39 0.000 000 000

627 776 40 0.000 000 000
255 552 41 0.000 000 000
511 104 42 0.000 000 000
022 208 43 0.000 000 000

044 416 44 0.000 000 000
088 832 45 0.000 000 000
177 664 46 0.000 000 000
355 328 47 0.000 000 Q00

710 656 48 0.000 000 000
421 312 49 0.000 000 000
842 624 50 0.000 000 000
685 248 51 0.000 000 000

370 496 52 0000 000 000
740 992 53 0.000 000 000
481 984 54 0.000 000 000
963 968 55 0.000 000 000

927 936 56 0.000 000 000
855 872 57 0.000 000 000
711 744 58 0.000 000 000
423 488 59 0.000 000 000

846 976 60 0000 000 000
693 952 61 0.000 000 000
387 904 62 0.000 000 000
775 808 63 0.000 000 000

697
348

674
837
418
209

604
802
901
450

725
862
931
465

232
116
058
029

014
007
003
001

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25
125

062
531
265
632

316
158
579
289

644
322
161
580

290
645
322
661

830
415
207
103

551
275
637
818

909
454
227
13

056
028
014
007

003
001
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25
625
812

406
203
101
560

7175
387
193
596

298
149
574
287

643
32
660
830

915
957
978
989

494
747
373
686

843
a1
210
105

552
776
888
444

222
11
055
027

013

003
001

000
000
000
000

25
125

781

390
695
847
923

461
230
615
307

653
826
913
456

228
614
807
403

701
350
675
837

418
709
854
427

713
356
178
089

044
022
511
755

877
938
469
734

867
433
216
108

25

625
312
656
828

914
957
478
739

869
934
467
733

366
183
091
545

772
886
443
721

860
430
715
357

678
839
419
209

604
302
151
575

787
893
446
723

361
680
840
420

25
125

062
031
515
257

628
814
407
703

851
425
712
856

928
464
232
616

808
404
202
601

800
400
700
850

925
462
231
615

807
903
951
475

737
868
434
217

25
625
812

906
453
226
613

806
903
951
475

237
118
059
029

014
007
003
001

500
250
125
062

031
515
257
628

814
907
953
976

988
994
497
248

25

125
562
281

640
320
660
830

915
957
478
739

869
434
717
858

929
464
232
616

308
654
827
913

456
228
614
807

403
201
100
550

25

625
312
156
078

039
519
759
379

689
844
422
AR

355
677
338
169

084
042
o
510

755
377
188
094

547
773
886
443

25
125

062
531
765
882

941
970
485
242

621
810
905
452

726
363
181
590

295
647
823
411

205
602
801
400

25
625
812

406
703
351
675

337

334
667

333
166

791

395
697

924

962
981
490
745

25

125
562
781

890
945
472
236

618
809
404
702

851
925
962
481

240
120
560
280

25

625
312
656
328

164
082
541
270

135
567
783
391

695
347
173
086

25
125

062
031
015
507

253
676
813
906

953
976
988
994

25
625
812

906
950
476
738

369

684
342
171

5

25

125
562 5
281 25

140 625

570 312 5
285 156 25
142 578 125
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POWERS OF 16 (IN BASE 10)

16" n 16"
1 0 0.10000 00000 00000 00000 x 10
16 1 0.62500 00000 00000 00000 x 10"
256 2 039062 50000 00000 00000 x 1072
4 096 3 024414 06250 00000 00000 x 1077
65 536 4  0.15258 78906 25000 00000 x 107*
1 048 6576 5 0095367 43164 06250 00000 x 107°
16 777 216 6 059604 64477 53906 25000 x 107’
268 435 456 7 037252 90298 46191 40625 x 107°
4 294 967 296 8 023283 06436 53869 62891 x 107°
68 719 476 736 9  0.14551 91522 83668 51807 x 107
1 099 511 627 776 10 090949 47017 72928 23792 x 107"
17 592 186 044 416 11 056843 41886 08080 14870 x 107"
281 474 976 710 656 12 035527 13678 80050 09294 x 107
4 503 599 627 370 496 13 022204 46049 25031 30808 x 107'°
72 057 594 037 927 936 14  0.13877 78780 78144 56755 x 107'°
1 152 921 504 606 846 976 15 086736 17379 88403 54721 x 107 '°

POWERS OF 10 (IN BASE 16)

10" n 10"
1 0 1.0000 0000 0000 0000
A 1 01999 9999 9999 999A
64 2 028F5 C28F 5C28 F5C3 x 167!
3E8 3 04189 374B C6A7 EF9E x 1672
2710 4 068DB 8BAC 710C B296 x 1673
1 8A0 5 0.A7C5 AC47 1B47 8423 x 167%
F 4240 6 0.10C6 F7A0 BSED 8D37 x 167*
98 9680 7 O0.1AD7 F29A BCAF 4858 x 167°
5F5 E100 8 0.2AF3 1DC4 6118 73BF x 167°
3B9A CA00 9 044B8 2FA0 9BSA 52CC x 1677
2 540B E400 10 06DF3 7F67 SEF6 EADF x 167°
17 4876 ES00 11 O.AFEB FFOB CB24 AAFF x 167°
E8 D4A5 1000 12  0.1197 9981 2DEA 1119 x 167°
918 4E72 A000 13 0.1C25 C268 4976 81C2 x 1671
5AF3 107A 4000 14 0.2D09 370D 4257 3604 x 167"
3 8D7E A4C6 8000 15 0480E BE7B 9D58 566D x 167'2
23 8652 6FC1 0000 16 0.734A CASF 6226 FOAE x 1673
163 4578 6SD8A 0000 17 0.B877 AA32 36A4 B449 x 1674
DEO B6B3 A764 0000 18 0.1272 5DD1 D243 ABA1 x 1671
8AC7 2304 89E8 0000 19 0.1D83 C94F B6D2 AC35 x 167'°
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Appendix E. Reference Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION

The table below provides for direct conversions between hexadecimal integers in the range O-FFF and decimal integers in the
range 0-4095. For conversion of larger integers, the table values may be added to the following figures:

Hexadecimal Decimal Hexadecimal Decimal

01 000 4 096 20 000 131072

02 000 8 192 30 000 196 608

03 000 12 288 40 000 262 144

04 000 16 384 50 000 327 680

05 000 20480 60 000 393 216

06 000 24 576 70 000 458 752

07 000 28672 80 000 524 288

08 000 32768 90 000 589 824

09 000 36 864 AD 000 655 360

0A 000 40 960 B0 000 720 896

08 000 45 056 C0 000 786 432

0C 000 49 152 DO 000 851 968

0D 000 53 248 EO 000 917 504

0E 000 57 344 FO 000 983 040

OF 000 61440 100 000 1048576

10 000 65 536 200 000 2097 152

11 000 69 632 300 000 3145728

12 000 73728 400 000 4 194 304

13 000 77 824 500 000 5242 880

14 000 81920 600 000 6 291 456

15 000 86 016 700 000 7 340 032

16 000 90 112 800 000 8 388 608

17 000 94 208 900 000 9437 184

18 000 98 304 A00 000 10 485 760

19 000 102 400 B0O 000 11 534 336

1A 000 106 496 C0O0 000 12 582 912

1B 000 110 592 DOG 000 13631488

1C 000 114 688 EO0 000 14 680 064

1D 000 118 784 FOO0 000 15 728 640

1E000 122880 1 000 000 16 777 216

1F 000 126 976 2 000 000 33 554 432

0 1 2 3 4 5 6 7 8 9 A B C D E F

000 | 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015
010 | 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
020 | 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
030 {0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063
040 | 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
050 [ 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095
060 {0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111
070 {0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127
080 | 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
090 | 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 0158 0159
OAO0 | 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
0BO | 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191
0CO [0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
0DO [ 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
OEO | 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
OF0 | 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
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Appendix E. Reference Tables
HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’d)

0 1 2 3 4 5 6 7 8 9 A B C D E F

100 | 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
110 | 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287
120 | 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
130 | 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
140 | 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0331 0333 0334 0335
150 | 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351
160 | 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
170 | 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
180 | 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
190 | 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415
1A0 | 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
180 | 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447
1CO | 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463
1D0 | 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
1E0 | 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495
1FO | 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511

200 | 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527

210 | 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543

220 | 0544 0545 0546 0547 (0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559

230 | 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575

240 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591

250 | 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607

260 | 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623

270 | 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639
280 | 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655
290 | 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671

2A0 | 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687
2B0 | 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703
2C0 | 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719
2D0 | 0720 0721 0722 0723 0724 (0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
2E0 [ 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751

2F0 | 0762 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767
300 | 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783
310 | 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799
320 | 0800 0301 0802 0803 (0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
330 | 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831

340 | 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847
350 | 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863
360 | 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879
370 | 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895
380 | 0896 0897 0898 0899 0900 0901 0802 0903 0904 0905 0906 0907 0908 0909 0910 0911

390 | 0212 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927
3A0 ( 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943
3B0 | 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3CO | 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
3D0 | 0976 0977 0978 0979 0980 0981 (0982 0983 0984 0985 0986 0987 0988 0989 0990 0991

3E0 | 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007
3F0 | 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023
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Appendix E. Reference Tables
HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’'d)

0 1 2 3 4 5 6 7 8 9 A B C D E °F
400 |1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039
410 | 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
420 | 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
430 |1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
440 (1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103
450 (1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1116 1116 1117 1118 1119
460 (1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
470 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151
480 |11562 1153 1154 11556 1156 1157 1168 1159 1160 1161 1162 1163 1164 1165 1166 1167
490 (1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183
4A0 | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
4B0 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
4CO | 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231
4D0 | 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247
4E0 | 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F0 | 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279
500 |[1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295
510 | 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
520 [1312 1313 1314 13156 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327
530 | 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343
540 | 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359
560 (1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
560 | 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391
670 | 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407
580 | 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
590 | 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
5A0 | 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
5B0 | 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471
6CO | 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
5D0 | 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
5E0 | 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
6F0 [ 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535
600 | 1636 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551
610 | 1552 1553 1554 16656 1666 1557 15568 1569 1560 1561 1562 1563 1564 1565 1566 1567
620 | 1568 1569 1570 1571 1672 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583
630 | 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599
640 | 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615
650 | 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631
660 | 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647
670 | 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 16569 1660 1661 1662 1663
680 | 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
690 | 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695
6A0 | 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711
6B0 | 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727
6CO0 | 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
6D0 | 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1756 1756 1757 1758 1759
6EO [ 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775
6F0 | 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791
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Appendix E. Reference Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’d)

0 1 2 3 4 5 6 7 8 9 A B C D E F
700 | 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
710 | 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823
720 | 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
730 | 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
740 | 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871
750 | 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887
760 | 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
770 | 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
780 | 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
790 | 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
7A0 | 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
780 | 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
7c0 | 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
7D0 | 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
760 | 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
7F0 | 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
800 | 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063
810 | 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
820 | 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095
830 | 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
840 | 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127
850 | 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
860 | 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159
870 | 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175
880 | 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191
890 | 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
8A0 | 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223
880 | 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8CO | 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255
8D0 | 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
8EQ | 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287
8F0 | 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303
000 | 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319
910 | 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335
920 | 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
930 | 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
940 | 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
950 | 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399
960 | 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415
970 | 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431
980 | 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447
990 | 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
QA0 | 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479
9B0 | 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495
9CO | 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511
9D0 | 2512 2513 2514 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527
9E0 | 2628 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543
9F0 | 25644 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559
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Appendix E. Reference Tables
HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont'd)

0 1 2 3 4 5 6 7 8 9 A B C D E F

AO0O | 2560 2561 2562 2563 2564 2565 2666 2567 2568 2569 2570 2571 2572 2573 2574 2575
A10 | 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591
A20 | 2592 2593 2534 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A30 | 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623
A40 | 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639
AS50 | 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
AB0 | 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
A70 | 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
AB0 | 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
A90 | 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719
AAQ | 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735
ABO | 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751
ACO | 2752 2753 2754 2755 2756 2757 2758 2759 2760 4761 2762 2763 2764 2765 2766 2767
ADO | 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783
AEOQ | 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AF0 | 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BOO | 2816 2817 2818 12819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831
B10 | 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847
B20 | 2848 2849 2850 3851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863
B30 | 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879
B40 | 2880 2881 2882 2883 2884 2885 2866 2887 2888 2889 2890 2891 2892 2893 2894 2895
B50 | 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911

B60 | 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927
B70 | 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943
B8O | 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959
B90 | 2960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975
BAO | 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991

BBO | 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007
BCO | 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023
BDO | 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039
BEO | 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BFO | 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071

C00 | 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087

C10 | 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
C20 | 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119
C30 | 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C40 | 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151

C50 | 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167

C60 | 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C70 | 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
C80 | 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215
C90 | 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231

CAO | 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247

CBO | 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3268 3259 3260 3261 3262 3263

CCO | 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CDO | 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295
CEO | 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311

CFO | 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327
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Appendix E. Reference Tables
HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont'd)

0 1 2 3 4 5 6 7 8 9 A B C D E F

DOO | 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
D10 | 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359
D20 | 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D30 | 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391
D40 | 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407
D50 | 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423
D60 | 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D70 | 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455
D80 | 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 347
D90 | 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DAO | 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503
DBO | 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DCO | 3520 3521 3522 3523 3524 3525 36526 3527 3528 3529 3530 3531 3532 3533 3534 3535
DDO | 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DEO | 3552 3553 3554 3555 3566 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567
DFO | 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583
EOO | 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3695 3596 3597 3598 3599
E10 | 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615
E20 | 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631
E30 | 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647
E40 | 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663
ES0 | 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679
E60 | 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695
E70 | 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711
EB0 | 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
E90 | 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743
EAO | 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EBO | 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775
ECO | 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791
EDO | 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807
EEO ( 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823
EFO | 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
FOO | 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
F10 | 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871
F20 | 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887
F30 | 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F40 | 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919
F50 | 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935
F60 | 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951
F70 | 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967
F80 (3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
FO0 [ 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999
FAO | 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015
FBO [ 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031
FCO | 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 |
FDO | 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063
FEO | 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079
FFO | 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095
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F. ERROR MESSAGES

ERROR DETECTION AND REPORTING

The assemblers detect and report three classes of errors: source-file errors (including control line errors), run-time
errors, and assembler control errors.

Source-file errors are indicated in the assembly listing by single-letter codes listed in column 1 of the erroneous
source statement. If multiple errors occur in the same statement, only the first detected is reported. Each error is
followed by a pointer to the previous erroneous line to ease finding errors. A summary of source-file errors is sent
to the console and list devices.

Run-time errors cause the assembly to terminate abnormally. An error message of the form

error type ERROR

is sent to the console and list device (if listing is in progress). The MONITOR assembler passes control to the
Intellec monitor. The ISIS-II assembler returns control toISIS-I1.

Assembler control errors in the assembler command are reported on the console device with the message
error type ERROR

ISIS-I1 errors are shown as numerical codes. These are listed at the end of this appendix and explained in more
detail in the /S/S-I] System User’s Guide.

ERROR CODES

Source-File Errors

Code Source
B Balance error. Parentheses or quote marks are unbalanced:
C Control line error. An illegal control has been specified in a

control line or a primary control appears in illegal context.
The erroneous control and following controls on the same
line are ignored.

D - Displacement error. In-page jump target address is out of
range.

F-1



Appendix F. Error Messages

Code

Source

Expression error. An expression has been constructed
erroneously; usually a missing operator or delimiter.
Also caused by adjacent operands with no separating
operator.

lllegal character. A statement contains an invalid ASCII
character, or a specified number is iliegal in the context
of the number base in which it occurs. Also issued if a
carriage return character is not followed by a line-feed
character.

Location counter error. The symbol being defined has
been illegally forward referenced. The definition is made
in all cases except macro definitions. This condition can
be corrected by moving the definition to precede all
references.

Multiple definition. A symbol is illegally defined because
of prior permanent definition. Only symbols defined by
SET and MACRO are redefinable. All occurrences of the
multiply-defined item are flagged.

Nesting error. Conditional assembly statements or macro
body delimiters are improperly nested.

Opcode or operand illegal. An opcode or operand illegal
in this particular device’s instruction set causes a warning.

Phase error. Value of symbol being defined has changed
between passes 1 and 2 of assembly. Caused by a forward
reference of an operand in an ORG, IF, or DS directive.
Also issued if source paper tape is changed between passes.

Questionable syntax. Invalid syntax, usually due to a
missing opcode.

Range error. The location counter exceeds the maximum
memory of this processor.

Undefined symbol. Symbol used has not been defined.

Value illegal. Value exceeds permissible range for this
operation or is null.

IHlegal operand. Specified operand is illegal for this opera-
tion. Possible use of register-type symbol in illegal field
or use of nonregister type in a field requiring register type.



Run-Time Errors

Message

EOF ERROR

FILE ERROR

MEMORY ERROR

STACK ERROR

TABLE ERROR

Assembler Control Errors

PASS ERROR

COMMAND ERROR

Appendix F. Error Messages

Explanation

(ISIS-11 assembler) End-of-file has been encountered
before END directive or END was not terminated by a
carriage-return, line-feed.

An ISIS file name used in an assembly-time command
or control line is illegal or missing.

System has insufficient memory to execute macro
assembly. If MACROFILE is set, system must have at
least 48K bytes of memory.

Assembler internal stack has overflowed. Possible causes
of error:

1. Operators nested more than 16 deep;

2. More than 8 operands in DB or DW list;

3. More than 128 characters in an operand field
(probably string too long);

4. Macro call or conditional assembly nesting
greater than 8 deep;

5. INCLUDES nested more than 4 deep.

Assembler symbol or macro table has overflowed. More
memory needed, or reduce number of symbols or macro
definitions/calls.

Pass number specified is illegal or ‘P=1" was not specified
first. Entry is ignored.

Assembler control syntax is illegal, usually due to missing
or illegal delimiter or missing parameter. The entire con-
sole command line is ignored.




Appendix F. Error Messages

ISIS-11 Error Messages

By convention, error numbers 1-99 are reserved for errors that originate in or are detected by the resident routines
of ISIS; error numbers 101-199 are reserved for user programs; numbers 200-255 are used for errors encountered
by nonresident system routines. In the following list an asterisk precedes fatal errors. The other errors are generally
nonfatal unless they are issued by the CONSOLE system call.

*1

A AW

*

]

*9
10
11
12
13
14

*15
*16
17
18
19
20
21
22

23
*24
25
26
27
28
*29
*30
31
32
33
34
35

F-4

No error detected.

Insufficient space in buffer area for a required buffer.
AFTN does not specify an open file.

Attempt to open more than six files simultaneously.
lllegal filename specification.

Ilegal or unrecognized device specification in filename.
Attempt to write to a file open for input.

Operation aborted; insufficient diskette space.
Attempt to read from a file open for output.

No more room in diskette directory.

Filenames do not specify the same diskette.

Cannot rename file; name already in use.

Attempt to open a file already open.

No such file.

Attempt to open for writing (output or update) or to delete or rename
a write-protected file.

Attempt to load into ISIS area or buffer area.

Incorrect ISIS binary format.

Attempt to rename or delete a file not on diskette.
Unrecognized system call.

Attempt to seek in a file not on diskette.

Attempt to seek backward past beginning of file.
Attempt to rescan a file not line edited.

lllegal ACCESS parameter to OPEN or access mode impossible for file
specified (input mode for :LP:, for example).

No filename specified for a diskette file.

Input/output error on diskette (see below).

Incorrect specification of echo file to OPEN.

Incorrect SWID parameter in ATTRIB system call.
Incorrect MODE parameter in SEEK system call.

Null file extension.

End of file on console input.

Drive not ready.

Attempted seek on file open for output.

Can’t delete an open file.

lllegal system call parameter.

Bad RETSW parameter to LOAD.

Attempt to extend a file opened for input by seeking past end-of-file.
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200 Unrecognized command.

201 Unrecognized switch.

202 Unrecognized delimiter character.

203 Invalid command syntax.

204 Premature end-of-file on input to HEXBIN.

205 Command line too long.

206 Illegal diskette label in FORMAT command.

207 No END statement in assembly language source code.
208 Checksum error in hexadecimal load format.

When error number 24 occurs, an additional message is output to the console

FDCC =00nn

where nn has the following meanings:

01 Deleted record.
02 CRC error (data field).
03 Invalid address mark.

04 Seek error.
08 Address error.
0A CRC error (ID field).

OE No address mark.

OF Incorrect data address mark.
10 Data overrun or data underrun.
20 Write protect.

40 Write error.

80 Not ready.




INDEX

ADD Instructions
A, #data
A,Rr
A,@Rr
ADDC Instructions
A, #data
A,Rr
A,@Rr
ANL Instructions
A #data
A,Rr
A,@Rr
BUS, #data
Pp,#data
ANLD Instruction
Arithmetic Operations
Signed
Two’s Complement
Assembler
Concepts
Controls
Directives
Operation
Termination
Versions
Auxiliary Carry Bit (AC)

CALL Instruction
Carry Bit (C)
Clock
CLR Instructions
CLR A
CLRC
CLR FO
CLR F1
COND Control
Conditional Assembly
CPL Instructions
CPL A
CPLC
CPL FO
CPLF1

3-27,A-4
3-26,A-4
327, A-4

3-28,A-4
3-26,A-4
3-27,A4

3-17,A4
3-14,A-4
3-16,A-4
318, A4
3-18, A4
3-19,A-4
2-3ff, 3-23ff
24

25

2-1ff,6-1ff
2-1,8-1ff,C-1ff
2-1,5-11f,B-1ff
9-1ff

5-7

7-1

1-7,19, 3-29

3-38, A-5
7-7,1-9,3-29
1-2,3-34

3-28,A-5
3-29,A-5
3-30,A-5
3-30,A-5
8-5,8-8,C-1
5.5

3-28,A-5
3-30,A-5
3-30,A-5
3-31,A-5



Index

DA Instruction
Data Bus Buffer (DBB)
Data Definition
Data Memory
Addressing
Data Transfer
Input/Output
Within 8048 Memory
DB Directive
DEBUG Control
DEC Instructions
DECA
DECRr
Designate Bank Flag (DBF)
DIS Instructions
DIS |
DIS TCNTI
DJNZ Instruction
DS Directive
DW Directive

EJECT Control
ELSE Directive
EN Instructions

EN I

EN TCNTI
END Directive
ENDIF Directive
ENDM Directive
ENTO Instruction
EOT Directive
EQU Directive
Error Codes
Event Counter

Instructions
EXITM Directive
Expander Device (8243)
Expressions

Flag Bit 0 (FO)
Flag Bit 1 (F1)

GEN Control

3-29,A-5
1-12,4-2ff
53
1-1,1-3
14

3-2ff
3-11

3.2
5-3,B2
8-3,8-7,C-1

3-24,A5
3-24,A5
335

3-37,A-5
3-32,A5
3-25,A6
5-4,B-2
54,82

8-5,8-9,C-1
5.5,B-2

3-31,A6
332, A6
5-7,B-2
5-5,B-2
6-5,B-3
3-34,A-6
57,82
5-3,B-2
F-Iff
1-2,1-7
3-7,3-32
6-8,B-3
1-2,7-9
2-5

1-7,1-8,3-29ff
1-7,3-29ff

8-5,C-3



IF Directive
INC Instructions

INCA

INC Rr

INC @Rr
INCLUDE Control
IN Instruction

IN A,DBB

IN A,Pp
Input/Output

Files

Port

Logical Operations
INS Instruction
Instruction Format
Intellec MONITOR Assembler

Controls

Environment

Operation
Interrupt Input Pin
Interrupts

Controls
Interval Timer

Instructions
IRP Directive
IRPC Directive
ISIS-Il Assembler

Controls

Environment

Operation

Jump Instructions
JBb
JC
JFO
JF1
JMP
JMPP
JNC
JN1
JNIBF
JNTO
JNT1
JNZ
JOBF
JTF
JTO
JT1
|z

Index

5-5,B-2

3-23 A6
3-23,A-6
3-24,A-6
8§4,C-3

4-2,A6
3-17,A-6
1-10,3-77
2-1,7-2
1-2,1-10,3-11
3-18
3-12,A6
2-1ff

8-7
7-1

9-4

18
1-2,1-8
3-31
1-2,1-7ff
3-7,3-32
6-6,B-3
6-7,B-3

8-2
7-2
9-1

3-45,A-6
341,A6
342,A-6
342, A7
3-40,A-7
3-40,A-7
3-41,A-7
344, A7
4-3,A-7

3-43,A-7
3-44,A-7
3-42,A-7
4-3,AT

344, A7
3-43 A8
343,A-8
3-41,A-8



Index

1-4

LIST Control

List File

LOCAL Directive
Location Counter
Logical Operations

MACRODEBUG Control
MACRO Directive
MACROFILE Control
Macros
MCS-48

Component Family

Functional Overview

Instruction Set
Memory Bank
Memory Reservation
MOD21 Control
MODA41 Control
MONITOR Assembler (see ‘Intellec’)
MOV Instructions

A #data

A,PSW

ARr

A,@Rr

AT

PSW,A

Rr,A

Rr,#data

@Rr,A

@Rr,#data -

T,A
MOVD Instructions

A,Pp

Pp,A
MOVP Instruction
MOVP3 Instruction
MOVX Instructions

A,@Rr

@Rr,A

NOCOND Control
NODEBUG Control
NOGEN Control

NOLIST Control
NOMACRODEBUG Control
NOMACROFILE Control
NOOBJECT Control
NOPAGING Control

NOP Instruction

8-5,8-8,C-1
2-1,7-2,D-1ff
6-5,B-3

5-2

3-14

8-5,C-3
6-4,B-3
8-4,C-3
2-1,6-1ff

1-1
1-1f
3-16f, A-1f
1-1,3-35
54

8-4, 8-8, C-1
8-4,8-8,C-1

3-5,A8
3-6,A-8
3-2,A-8
33 A8
3-7,A-8
3-6,A8
3-2,A8
3-5,A-8
3-3,A-8
3-5,A-8
3-7,A9

3-13,A9
3-13,A9
3-8,A9
3-8,A-9

3-4,A-9
3-4,A-9

8-5,8-8,C-1
8-3,8-7,C-2
8-5,C-3
8-5,8-8,C-2
85
8-4,C-3
83,C-3
8-4,8-8,C-2
3-37,A9



NOPRINT Control
NOSYMBOLS Control
NOXREF Control

Number Base Representation
Number Range

OBJECT Control

Object File

Operators

ORG Directive

ORL Instructions
A,#data
ARr
A,@Rr
BUS,#data
Pp,#data

ORLD Instruction

Oscillator

OUT Instruction

OUTL Instructions
BUS,A
Pp,A

PAGELENGTH Control
PAGEWIDTH Control
PAGING Control
PRINT Control
Program Controls
Program Counter (PC)
Program Memory

Pages
Program Status Word (PSW)

Reference Tables
Register Bank

Selection

Switch
REPT Directive
Reserved Words
RESTORE Control
RET Instruction
RETR Instruction
Rotate Instructions

RL

RLC

RR

RRC

Index

8-3,C3
8-3,8-7,C2
8§-4,8-8,C-2
2-4
24

8-3,C-3
21,72
2-6,6-9,A-1
5-2,B-2

3-17,A-9
3-15,A9
3-6,A9
3-19,A-9
3-79,A-10
3-20,A-10
12
4-2,A-10

3-72,A-10
312 A-10

8§-4,8-8,C-2
8-4,8-8,C-2
8§-4,8-8,C-2
83,C-3
1-6,3-29
7-2

1-1,1-2

12
1-2,1-9,3-6

E-1ff

7-5,1-8,3-36
7-8,1-9
6-6,B-3
2-10,A-2
8-5,C-3
3-39,A-10
3-39,A-10

3-21,A-10
3-22,A-10
3-21,A-10
3-22,A-10



Index

1-6

Sample Macros
Sample Programs
SAVE Control
SEL Instructions
MBO
MBI1
RBO
RB1
SET Directive
Single-Device Microcomputer
Source File
Source Program
Stack
Stack Pointer
Status Register
STOP Instruction
STRT Instructions
STRT CNT
STRTT
Subroutine Call
SWAP Instruction
Symbol Cross-Reference File
Symbols
Characteristics
Definition
Reserved Symbols
SYMBOLS Control
Symbol Table

Test Input 0 (TO)
Test Input 1 (T1)
Timer Flag
TITLE Control

UP1-41
Component Family
Hardware Overview
Instruction Set

Working Registers
XCH Instructions
A,Rr
A,@Rr

6-14
3.45
8-5,C-3

3-35,A-11
3-36,A-11
3-36,A-11
3-36,A-11
5-3,B-2
1-1
2-1,7-2
21
7-3,1-5
7-5,1-8
7-12,4-2
333 A-11

3-33 A-11
3-32,A-11
3-38
3-10,A-11
2-1,7-3,D-5
2.9
2-10ff
5.2
2-10,A-2
8-3,8-7,C2
29,03

1-8,3-34
7-8

1-8
8§-4,8-9,C-2

1-1,1-17
1-12
4-1f

1-2,1-3

3.9 A-11
3.9 A-11



XCHD Instruction

XREF Control

XRL Instructions
A #data
A,Rr
A,@Rr

Index

3-10,A-11
8-3,8-7,C-2

3-18,A-11
3-15,A-11
3-16,A-11
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