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6.2.1 Filenames 

Files processed by LINK-BO are REL files. A filename 
commands LINK-BO to load the named file (also called a 
module). If any file has been loaded already, a filename 
also commands LINK-BO to link the loaded files as required. 

Normally each linking session requires at least two 
filenames. One filename directs LINK-BO which REL file to 
load and link; the other commands LINK-BO to save the 
executable code in a file with the specified name. 

If you enter only one filename during the link session, 
either the COM file will not be saved (in which case you may 
have wasted your time), or LINK-SO will return the error 
message 

?NOTHING LOADED 

Note, however, that if you enter only one filename followed 
by the /G switch, the COM file will not be saved, but the 
program will execute as soon as LINK-SO is finished loading 
and linking. (Refer to the description of the switches in 
the next section.) 

You may enter as many filenames as will fit on one line. 
The files named may be REL files in different languages 
(BASIC-r- COBOL, FORTRA-N, or assembly) or runtime library REL 
files for any of the high-level programming languages. (For 
exact procedures for high-level language REL files, see the 
product manual included with the high-level language 
compiler. ) 

When LINK-SO is finished, the results are saved in the file 
named by the programmer in the command line (the filename 
followed by a IN -- see below, Section 6.2.2, Switches). 
LINK-BO gives this filename the extension .COM. 

A filename command in LINK-BO actually means a 
specification. A file specification includes a 
designation, a filename, and a filename extension. 
format of a file specification is: 

dev:filename.ext 

file 
device 

The 

LINK-BO defaults the dev: to the default or currently 
logged disk drive. LINK-SO defaults the input filename 
extension to .REL and the output filename extension to .COM. 
You can alter the device designation to any applicable 
output device supported by MACRO-BO and/or the filename 
extension to any three characters by specifying a device or 
a filename extension when you enter a filename command. 
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6.2.2 Switches 

Switches command LINK-SO to perform functions besides 
loading and linking. Switches are letters preceded by slash 
marks (/). You can place as many switches as you need in a 
single command line, but each switch letter must be preceded 
by a slash mark (/). For example, if you want to link and 
load a program named NEIL, save an image of it on diskette, 
then execute the program, you need two filenames and two 
switches, so you would enter the commands: 

NEIL,NEIL/N/G<RETURN> 

LINK-80 saves a memory image on diskette (the /N switch), 
then runs the NEIL program (the /G switch). 

Some switches can be entered by themselves (/E, /G, /R, /P, 
/D, /U, /M, /0, /H). Some switches must be appended to the 
filename they affect (/N, /S). Some switches work only if 
other switches are also entered during the LINK-80 session 
(/X, /Y). Some switches must precede any filenames you want 
affected (/P, /0). Some switches command actions that are 
deferred until the end of the LINK-SO session (/N, /X, /Y). 
Some switches command actions that take place when entered 
(/S, /R -- a filename entered without a switch appended acts 
this way, too). These "rules of behavior" should be kept in 
mind when entering LINK-SO commands. See the descriptions 
for each switch for full details of its action. 

The chart below summarizes the switches by function. Full 
descriptions of the switches by function follow the chart. 

BE CAREFUL: Do not confuse the LINK-SO switches with the 
MACRO-SO switches. 
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FUNCTION 

Execute 

Exit 

Save 

Address 
Setting 

Library 
Search 

Global 
Listing 

Radix 
Setting 

Special 
Code 

SWITCH 

IG 

IG:Name 

IE 
IE:Name 

IN 

IN:P 

IP 

10 

IR 

IS 

IU 

1M 

10 

IH 

IX 

IY 
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ACTION 

Execute .COM file then exit to 
operating system. 
Set .COM file start address 
equal to value of Name, execute 
.COM file, then exit to 
operating system. 

Exit to operating system. 
Set .COM file start address 
equal to value of Name, then 
exit to operating system. 

Save all previously loaded 
programs and subroutines using 
filename immediately preceding 
IN. 
Alternate form of /N; save 
only program area. 

Set start 
and data. 
sets only 
Set start 

address for programs 
If used with ID, IP 

the program start. 
address for data area 

only. 
Reset LINK-SO. 

Search the library named 
immediately preceding IS. 

List undefined globals. 

List complete global reference 
map. 

Octal radix. 

Hexadecimal radix (default). 

Save "COM" file in Intel ASCII 
Hex format. Requires IN 
switch. Gives nCOM" file the 
extension .HEX. 
Creates a special 
with SID/ZSID 
Requires IN and 
Gives special 
extension .SYM. 

file for use 
debugger. 

IE switches. 
file the 

Figure 6.1: Table of LINK-80 Switches 
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At least two switches will probably be used in every linking 
session. These switches belong to the first three functions 
-- Execute, Exit, and Save. 

EXECUTE 

Switch 

/G 

Action 

The /G switch causes LINK-aO to load the 
filename(s} entered in the command line, to link 
the program(s} together, then to execute the 
link-loaded program. After the program run, your 
computer returns to operating system command 
level. For example, 

L80 NEIL,NEIL/N/G 

links NEIL.REL, saves the result in 
named NEIL.COM, then exits to 
system. 

a disk file 
the operating 

Execution takes place as soon as the command line 
has been interpreted. Just before execution 
begins, LINK-aD prints three numbers and a BEGIN 
EXECUTION message. These three numbers can be 
very useful to you in developing future assembly 
language programs. The first number is the start 
address of the program. The second number is the 
address of the next available byte; that is, the 
end address plus one byte. The third number is 
the number of 256-byte pages taken up by the 
program (the difference between the start address 
and the end address converted to 256-byte pages). 

If you do not want to save the .COM file, use the 
/G switch and enter only one filename on the 
command line. For example: 

Lao NEIL/G 

But Remember: No COM file is created (since you 
did not include /N). To run the program again, 
you will have to run LINK-80 again. 



LINK-SO LINKING LOADER Page 6-7 

/G:<name> The /G:<name> switch performs exactly like the 
plain /G switch but with one additional feature. 
<name> is a global symbol which was defined 
previously in one of the modules which is being 
linked and loaded. When LINK-80 sees <name>, it 
uses <name> as the start of the program and loads 
the address of the line with <name> as its LABEL 
into the jump instruction at lOOH-102H. 

The value of this switch (and of /E:<name> below) 
is the ability to tell LINK-SO where to start 
execution when the assembled modules do not make 
this clear. Usually this is no problem because 
you link in a high-level language program (which 
LINK-SO takes as the main program by default), or 
you link only assembly language modules and only 
one has an END <name> statement to signal LINK-SO 
which assembly language program to execute first. 
But if two or more assembly language modules 
contain an END <name> statement, or if none of the 
assembly language modules contain an END <name> 
statement, then /G:<name> tells LINK-SO to use 
this module as the starting point for execution. 

Programmers who 
language module 
program should use 
the beginning of 
·to cause execution 
before execution 
program. 

want to execute an assembly 
before a high-level language 
a CALL or INCLUDE statement at 
the high-level language program 
of the. -assembly laoguag.emodule 

of the high-level language 
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EXIT 

Switch 

/E 

Action 

Use /E to link and load a program and perform some 
other functions on the files (for example, save it 
on a diskette) when you do not want to run the 
program at this time. When LINK-SO has finished 
the tasks, it will exit to the operating system. 

(The /G switch is the only other switch which 
exits LINK-SO.) 

When linking is finished, 
numbers: start address, 
number of 256-byte pages. 

LINK-SO outputs 
next available 

three 
byte, 

/E:<name> The /E:<name> switch performs exactly like the 
plain /E switch but with one additional feature. 
<name> is a global symbol which was defined 
previously in one of the modules which is being 
linked and loaded. When LINK-SO sees <name>, it 
uses <name> as the start of the program and loads 
the address of the line with <name> as the LABEL 
into the jump instruction at lOOH-102H. 

The value of this switch (and of /G:<name> above) 
is the ability to tell LINK-SO where to start 
execution when the assembled modules do not make 
this clear. Usually this is no problem because 
you link in a high-level language program (which 
LINK-SO takes as the main program by default), or 
you link only assembly language modules and only 
one has an END <name> statement to signal LINK-SO 
which assembly language program to execute first. 
But if two or more assembly language modules 
contain an END <name> statement, or if none of the 
assembly language modules contain an END <name> 
statement, then /E:<name> tells LINK-SO to use 
this module as the starting point for execution. 

Programmers who want to execute an assembly 
language module before a high-level language 
program should use a CALL or INCLUDE statement at 
the beginning of the high-level language program 
to cause this order of execution. 
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SAVE 

Switch 

IN 

Action 

The IN switch causes the assembled-linked program 
to be saved in a disk file. It is important that 
a filename always be specified for the IN switch. 
If you do not specify an extension, the default 
extension for the saved file is .COM. The COM 
filename will be the name the programmer appends 
the IN switch to. The IN switch must immediately 
follow the filename under which you wish to save 
the results of the link-load session. 

The IN switch does not take effect unless a IE or 
IG switch follows it. 

The most common error programmers make with the IN 
switch is to forget that they must specify at 
least two filenames; one as the file to be linked 
and another one as the name for the file to be 
saved. Therefore, at a minimum the command line 
should include: 

Lao NEIL,NEIL/N/G 

The first filename NEIL is the file to be loaded 
and linked; the second filename NEIL is the name 
for the COM file that will save the result of the 
link-loading session. 

It is, of course, possible to specify filenames in 
any order. For example: 

LBO NEIL/N,ASMSUBl,ASMSUB2,BASPROG/G 

Here LINK-SO will load and link the files BASPROG, 
ASMSUBl, and ASMSUB2; then save the result in the 
file named NEIL. 

From these two examples, it is possible to see 
that the filename followed by the IN save switch 
is not loaded; it is only a specification for an 
output file; you must also always name at least 
one input file, too. 

You will use this switch almost every time you 
link a REL file because there is no other way to 
save the result of a link-load session and because 
not saving the result means you would have to link 
load again to run your program. 

Once saved on disk, you need only type the COM 
filename at operating system command level to run 
the program. 
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IN:P By default, LINK-SO saves both the program and 
data areas in the COM file. If you wish to save 
only the program area to make your disk files 
smaller, use the IN switch in the form /N:P. With 
this switch set, only the program code will be 
saved. 

Two of these switches (IN plus either a /G or a /E type) are 
all the switches required for most LINK-SO operations. Some 
additional functions are available through the use of other 
switches which allow programmers to manipulate the LINK-SO 
processes in more detail. The switches which turn on these 
additional functions are arranged in categories according to 
type of function. The function of each category is defined 
by the category name. 
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ADDRESS SETTING 

Switch 

IP 

Action 

The IP switch is used to set both the program and 
data orlgln. If you do not enter the IP switch, 
LINK-SO performs this task automatically, using a 
default address for both program and data. (103H 
for CP/M) 

The format of the IP switch is: 

IP:<address>, 

The address value must be expressed in the current 
radix. The default radix is hexadecimal. 

The IP switch is designed to allow you to place 
program (or code) segments at addresses other than 
the default. The default value for the IP switch 
is l03H. 

REMEMBER: The IP switch takes effect as soon as 
it is seen, but it does not affect files already 
loaded. So be sure to place the IP switch before 
any files you want to load starting at the 
specified address. The IP switch and 10 switch, 
when tl-s-ed,me-s--tbe -s-ep-arate-a fromtheREL --f ilename 
by a comma. For example, 

Lao IP:103,NEIL,NEIL/N/E 

The IP switch affects primarily the CSEG code in 
your assembly language program. If IP is given 
but not ID, both data and program (CSEG and OSEG) 
areas will be loaded starting at the IP:<address>. 
05EG (and any COMMON areas) will be loaded first. 
If both IP and 10 switches are given, IP sets the 
start of the CSEG area only. Normally, unless 
your programs are all CSEG, you will use IP and ID 
together. 

Note especially that ASEG areas are not affected 
by the IP switch. So be careful to set the IP 
address outside any ASEG areas unless you want the 
program or data areas to write over the A5EG 
areas. 

You may enter more than one IP switch during a 
single link session to place different program 
(code) segments at addresses which are not end to 
end. LINK-SO will automatically place one program 
segment (CSEG) after the next. You can cause 
space to be left between modules. However, some 



LINK-80 LINKING LOADER Page 6-12 

restrictions one the placement of modules apply: 

1. Be sure that program areas do not overlay one 
another. LINK-SO returns a warning error 
message if they do. 

2. Be sure that 
by data or 
200H, a DSEG 
is illegal. 
this case. 

the program areas are not split 
COMMON areas; that is, a CSEG at 
at 300H, and another CSEG at 400H 

LINK-SO returns a fatal error in 

When the loading session is all done, LINK-BO 
wants to see a segment of memory loaded with data 
and COMMON and another segment loaded with program 
code. The code segments may have gaps between the 
modules as long as a data segment is not loaded 
between the start of the first code segment module 
and the end of the last code segment module, and 
vice versa. So, p'lacing DSEG modules at 
l03H-IlSH, lSOH-165H, 170H-175H, and CSEG modules 
at 200H-2S0H, 300H-350H, 400H-450H is acceptable. 
LINK and SO will show Data between l03H and 17SH 
and Program between 200H and 4S0H. 

Note that any gaps you leave may contain data or 
program code from a previous program. LINK-BO 
does not initialize gaps to zero or null. This 
could cause unpredictable results. 

/0 The /0 switch sets the origin for OSEG and COMMON 
areas. If you do not enter the /D switch, LINK-SO 
performs this task automatically, using a default 
address for both data and program. (103H for 
CP/M) 

The format for the /D switch is: 

/D:<address>, 

The address for the /D switch must be in the 
current radix. The default radix is hexadecimal. 

The /D switch is designed to allow you to place 
data and COMMON segments at addresses other than 
the default. The default value for the /0 switch 
is 103H. The /D switch must be separated from the 
REL filenames by a comma. For example, 

LBO /D:I03,NEIL,NEIL/N/E 

When the /P switch is used with the /D switch, 
data and common areas load starting at the address 
given with the /D switch. (The program will be 
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loaded beginning at the program origin given with 
the /P switch.) This is the only occasion when the 
address given in /P: is the start address for the 
actual program code. 

REMEMBER: The /D switch takes effect as soon as 
LINK-SO "sees" the switch, so the /D switch has no 
effect on programs or data already loaded. 
Therefore, it is important to place the /D switch 
(as well as the /P switch) before the files you 
want to load starting at the address specified. 

You may enter more than one /D switch during a 
single link session to place different program 
(code) segments at addresses which are not end to 
end. LINK-80 will automatically place one data 
segment (DSEG) after the next. You can cause 
space to be left between modules. However, some 
restrictions on the placement of modules apply: 

1. Be sure that data areas do not overlay one 
another. LINK-80 returns a warning error 
message if they do. 

2. Be sure that the data areas are not split by 
program areas; that is, a DSEG at 200H, a 
CSEG at 300H, and another DSEG at 400H is 
illegal. LINK-SO returns a fatal error in 
thi~ case. 

When the loading session is all done, LINK-SO 
wants to see a segment of memory loaded with data 
and COMMON and another segment loaded with program 
code. The data segments may have gaps between the 
modules as long as a program segment is not loaded 
between the start of the first data segment module 
and the end of the last data segment module, and 
vice versa. So, placing DSEG modules at 
I03H-IISH, ISOH-165H, 170H-175H, and CSEG modules 
at 200H-250H, 300H-3S0H, 400H-4S0H is acceptable. 
LINK and 80 will show Data between l03H and l75H 
and Program between 200H and 450H. 

Note that any gaps you leave may contain data or 
program code from a previous program. LINK-SO 
does not initialize gaps to zero or null. This 
could cause unpredictable results. 



LINK-SO LINKING LOADER Page 6-14 

ADDITIONAL NOTE FOR /P AND /D SWITCHES 

If your program is too large for the loader, you 
will sometimes be able to load it anyway if you 
use /D and /P together. This way you will be able 
to load programs and data of a larger combined 
total. While LINK-SO is loading and linking, it 
builds a table consisting of five bytes for each 
program relative reference. By setting both /D 
and /P, you eliminate the need for LINK-SO to 
build this table, thus giving you some extra 
memory to work with. 

To set the two switches, look to the end of the 
List file. Take the address you decided for the 
/D switch (where you want the DSEG to start 
loading), add the number for the total of data, 
add that number to I03H, add another lOOH+l, and 
the result should be the /P: address for the 
start of the program area. The /D switch should 
be set at l03H or higher (D:103). 

/R The /R switch "resets" LINK-SO to its initialized 
condition. LINK-SO scans the command line before 
it begins the functions commanded. As soon as 
LINK-SO sees the /R switch, all files loaded are 
ignored, LINK-SO resets itself, and the asterisk 
(*) prompt is returned showing that LINK-SO is 
running and waiting for you to enter a command 
line. 
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LIBRARY SEARCH 

Switch 

IS 

Action 

The IS switch causes LINK-80 to search the file 
named immediately prior to the switch for 
routines, subroutines, definitions for globals, 
and so on. In a command line, the filename with 
the IS switch appended must be separated from the 
rest of the command line by commas. For example: 

L80 NEIL/N,MYLIB/S,NEIL/G 

The IS switch is used to search library files 
only, including a library you constructed, using 
the LIB-80 Library Manager (see Chapter 8). 
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GLOBAL LISTING 

Switch 

/U 

Action 

The IU switch tells LINK-80 to list all undefined 
globals. The IU works only in command lines that 
do not include either a /G or a IE switch. Note 
that if your program contains any undefined 
globals, LINK-SO lists them automatically, unless 
the command line also contains a IS (library 
search) switch. In these cases, enter only the IU 
switch, and the list of undefined globals will be 
listed. Use CTRL-S to suspend the listing if you 
want to study a portion of the list that would 
scroll off the screen. Use CTRL-Q to restart the 
listing. 

The various runtime libraries provide definitions 
for the globals you need to run your high-level 
language programs. 

In addition to listing undefined globals, the IU 
switch directs LINK-SO to list the origin, end, 
and size of the program and data areas. These 
areas are listed as one lump area unless both the 
IP and ID switches are set. If both IP and ID are 
set, the start, end, and size of both areas are 
listed separately. 

1M The 1M switch directs LINK-SO to list all globals, 
both defined and undefined, on the screen. The 
listing cannot be sent to a printer. In the 
listing, defined globals are followed by their 
values, and undefined globals are followed by an 
asterisk (*). 

In addition to listing all globals, the 1M switch 
directs LINK-SO to list the origin, end, and size 
of the program and data areas. These areas are 
listed as one lump area unless both the IP and ID 
switches are set. If both IP and ID are set, the 
start, end, and size of both areas are listed 
separately. 
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RADIX SETTING 

Switch 

/0 

/H 

Action 

The /0 switch sets the current radix to Octal. If 
you have a reason to use octal values in your 
program, give the /0 switch in the command line. 
If you can think of no reason to switch to octal 
radix, then there is no reason to use this switch. 

The /H switch resets the current radix to 
Hexadecimal. Hexadecimal is the default radix. 
You do not need to give this switch in the command 
line unless you previously gave the /0 switch and 
now want to return to hexadecimal. 
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SPECIAL CODE 

Switch 

IX 

Action 

The IX switch saves the "COM" file in Intel ASCII 
HEX format. The IX switch requires the IN switch 
appended to the same filename as the IX. For 
example: 

Lao NEIL,NEIL/X/N/E 

The file that is saved with the IX switch set is 
given the filename extension .HEX. 

The primary use of the IX switch is to prepare 
programs to be burned into PROMs. The hex format 
was originally developed to facilitate the 
movement of programs from one machine to another. 
The hex format provides more code checking than 
object code does. Also, a HEX file can be edited 
with some sophisticated line editors. 

IY The IY switch saves a file in a special format for 
use with Digital Research's Symbolic Debuggers, 
SID and ZSID. The IY switch requires the IN and 
the IE (not~) switches be given in the command 
line. For example: 

Lao NEIL,NEIL/Y/N/E 

The file that is saved with the IY switch set is 
given the filename extension .SYM. A COM file 
will also be saved. So the sample command line 
above creates both NEIL.COM and NEIL.SYM. 

The SYM file contains the names and addresses of 
all globals, which allows you to use Digital 
Research's Symbolic Debuggers SID and ZSID with 
the SYM file. 
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6.3 ERROR MESSAGES 

Errors encountered during the running of LINK-80 will return 
messages, most preceded by either the symbol? or the 
symbol %. No error codes are returned, so once you 
understand the meaning of the message, error recognition 
should be easy. 

?No Start Address 

The /G switch was issued, but no main program has 
been loaded. 

?Loading Error 

The last file given for input was not a properly 
formatted LINK-80 object file. 

?Out of Memory 

Not enough memory to load the module. 

?Command Error 

-Ynre-cognizabl-e ---LINK-80···command. 

?<filename> Not Found 

<filename>, as given in the command string, did not 
exist. 

?Start Symbol - <name> - Undefined 

The /E:Name or /G:Name switch was given, but the 
Name specified was not defined. 
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?Nothing Loaded 

A <filename>/S or /E or /G was given, but no object 
file was loaded. That is, an attempt was made to 
search a library, to exit LINK-80, or to execute a 
program, when in fact nothing had been loaded. For 
example: 

TEST/N/E 

Results in "?Nothing Loaded" because TEST/N names 
TEST.COM, but does not load TEST.REL. 

To load a file, enter the filename. To save a 
file, enter a filename followed by the /N switch 
and either a /E or a /G switch. For example, any 
of the following sets of commands should work: 

Lao NEIL,NEIL/N/E 

or 

L80 
*NEIL 
*NEIL/N/E 

or 

Lao NEIL/N,NEIL/E 

?Can't Save Object File 

A disk error occurred when the file was being 
saved. Usually, this means that the disk is full 
or that it is write-protected. 

%2nd COMMON larger /XXXXXX/ 

When loading modules which include COMMON blocks, 
LINK-80 takes the size of the first COMMON block 
loaded to set the amount of memory needed before 
program code is loaded. If a subsequent module 
contains a COMMON block larger than the first one 
loaded, LINK-80 returns this error message. It 
means that the first definition of the COMMON block 
/XXXXXX/ encountered in the modules loaded was not 
the largest block defined with that name. Reorder 
module loading sequence or change COMMON block 
definitions so that all blocks are the same size. 
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%Mult. Def. Global YYYYYY 

You have one global (PUBLIC) symbol name YYYYYY 
with more than one definition. Usually, two or 
more of the modules being loaded have declared the 
same symbol name as PUBLIC. 

%Overlaying Program Area ,Start = xxxx 
,Public = <symbol name> (xxxx) 
,External = <symbol name> (xxxx) 

Usually this occurs when either /D or /P is set to 
an address inside the area taken by LINK-BO. You 
should reset the switch address above l02H. It may 
also occur if you set addresses for programs loaded 
after some initial programs were loaded and the 
addresses were not set high enough. For example, 
if MYPROG is larger than 147 bytes and you enter 
the commands: 

MYPROG,/P:l50,SUBR1,FUNNY/N/E 

you will receive the %Overlaying Program Area error 
message. 

%Overlaying Data Area ,Start = xxxx 
,Public = <symbol name> (xxxx) 
,External = <symbol name> (xxxx) 

The /D and /P switches were set too close together. 
For example, if /D was given a higher address than 
/P but not high enough to be beyond the end of the 
program area, when the program is loaded, the top 
end will be laid over the data area. Or, if /D is 
lower than /P, /P was not high enough to prevent 
the beginning of the program from starting in the 
area already loaded with data. 

?Intersecting Program Area 
or 

?Intersecting Data Area 

The program and data areas intersect and an address 
or external chain entry is in this intersection. 
The final value cannot be converted to a current 
value since it is in the area intersection. 
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or 
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This message will appear only after either the /E 
or the /G switch command was given to LINK-aO. If 
LINK-aO has not enough memory to load a module but 
a /E or /G has not been entered, you will receive 
the ?Out of Memory message. 

LINK-SO can load modules only between its first 
address in memory and the top of available memory. 
If the program is too large for this space or if 
you set a /D and/or /P switch too high for the size 
of your program, LINK-aO runs out of memory and 
returns the Origin Above Loader Memory message. 

If you set a /D and/or /P switch below the first 
address of LINK-SO (lOOH for CP/M), LINK-SO returns 
the Origin Below Loader Memory message. This 
prevents you from loading your program into memory 
designated for the operating system. 

If a Y<CR> is given, LINK-SO will move the area and 
continue. If anything else is given, LINK-SO will 
exit. In either case, if the /N switch was given, 
the image will already have been saved. 
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CHAPTER 7 

CREF-SO CROSS REFERENCE FACILITY 

A cross reference facility processes a specially assembled 
listing file to list the locations of all intermodule 
references and the locations of their definitions. The 
result is a cross reference listing. This cross reference 
listing can be used to aid debugging your program. 

The CREF-SO Cross Reference Facility allows a programmer to 
process the cross reference file generated by MACRO-SO. 
This cross reference file contains embedded control 
characters, set up during MACRO-BO assembly. CREF-SO 
interprets the control characters and generates a file that 
lists cross references among variables. 

CR~F-~_Q._.!?~Qgqc:e§g lj. .. $ting_~ __ I:'~$~Jllblj.ngt:h~ PRN list:iJ19. of 
MACRO-SO, with two additional features: 

1. Each source statement is numbered with a cross 
reference number. 

2. At the end of the listing, variable names appear in 
alphabetic order. Each name is followed by the 
line number where the variable is defined (flagged 
with #) followed by the numbers of other lines 
where the variable is referenced. 

The CREF listing file replaces the MACRO-SO PRN List file 
and receives the filename extension .LST instead of .PRN. 

7.1 CREATING A CREF LISTING 

Creating a CREF listing involves two steps: (1) creating a 
cross reference file (.CRF), and (2) generating a cross 
reference listing (.LST). The first step occurs in the 
MACRO-SO macro assembler; the second in the CREF-SO Cross 
Reference Facility. 
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Creating ~ Cross Reference File 

To create a cross reference file, set the IC switch in the 
MACRO-aD command line. For example: 

M80 =NEIL/C 

This command line assembles the file NEIL.MAC, generating 
the output files NEIL.REL (object file) and NEIL.CRF (cross 
reference file). 

Generating ~ Cross Reference Listing 

The cross reference listing is generated by running the .CRF 
file through CREF-80. 

To invoke the cross reference facility, enter: 

CREF80 

CREF-80 will return an asterisk (*) prompt. 

To create the cross reference listing file, enter: 

=filename 

where filename is the name of your .CRF file. For example: 

CREF80 =NEIL 

will generate a .LST file (NEIL.LST) containing the cross 
reference information. 

This .LST file can be printed or sent to the terminal screen 
using operating system commands. Additionally, CREF-80 
supports the same output device designations as MACRO-80. 
Simply enter the device designation in front of the 
filename. For example: 

CREF80 LST:=NEIL 

sends the .LST listing to the printer only (no disk file is 
generated). 

CREF80 TTY:=NEIL 

sends the .LST listing to the CRT only (no disk file is 
generated). 
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You will need to give a drive designation if you want the 
.LST file saved elsewhere than the currently logged drive 
(where the .CRF file resides). For example: 

CREF80 B:=A:NEIL 

saves NEIL.LST on drive B. 

When finished, CREF-80 prompts with an asterisk. You may 
enter another =filename, or exit from CREF-80 to the 
operating system. 

To exit CREF-80, enter: 

CTRL-C 

If you want the .LST file named differently from the default 
(.CRF filename and extension .LST), enter the name in front 
of the equal sign. For example: 

CREF80 NEIL.CRL=NEIL 
or CREF80 NEILCREF=NEIL 

The former command line generates a 
file named NEIL.CRLi the latter 
NEILCREF.LST. 

cross reference list 
generates a file named 

Look at the filename extensions to distinguish a cross 
reference listing file from the listing file MACRO-80 
normally generates. The listing file MACRO-80 normally 
generates (without the IC switch set in the command line) 
receives the default filename extension .PRN. The cross 
reference listing file generated by CREF-80 receives the 
default filename extension .LST. 

7.2 CREF LISTING CONTROL PSEUDO-OPS 

You may want the option of generating a cross reference 
listing for part of a program but not all of it. To control 
the listing or suppressing of cross references, use the 
cross reference listing control pseudo-ops, .CREF and 
.XCREF, in the source file for MACRO-80. These two 
pseudo-ops may be entered at any point in the program in the 
OPERATOR field. Like the other listing control pseudo-ops, 
.CREF and .XCREF support no ARGUMENTs. 
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Pseudo-op 

. CREF 

. XCREF 

Definition 

Create cross references • 
.CREF is the default condition. Use .CREF to 
restart the creation of a cross reference file 
after using the .XCREF pseudo-oPe .CREF 
remains in effect until MACRO-BO encounters 
.XCREF. Note, however, that .CREF has no 
effect until the IC switch is set in the 
MACRO-BO command line. 

Suppress cross references • 
.XCREF turns off the .CREF (default) pseudo-oPe 
.XCREF remains in effect until MACRO-BO 
encounters .CREF. Use .XCREF to suppress the 
creation of cross references in selected 
portions of the file. Because neither .CREF 
nor .XCREF takes effect until the IC switch is 
set in the MACRO-BO command line, there is no 
need to use .XCREF if you want the usual List 
file (one without cross references); simply 
omit IC from the MACRO-80 command line. 



CHAPTER S 

LIB-SO LIBRARY MANAGER 

WARNING 

Read this chapter carefully 
and make a back-up copy of 
your libraries before using 
LIB-SO. LIB-SO is very 
powerful and thus can be very 
destructive. It is easy to 
destroy a library with LIB-SO. 

LIB-SO is designed as a runtime library manager for CP/M 
versions of Microsoft FORTRAN-SO and COBOL-SO. LIB-SO may 
also be used to create your own library of assembly language 
subroutines. 

LIB-SO creates runtime libraries from assembly language 
programs that are subroutines to COBOL, FORTRAN, and other 
assembly language programs. The programs collected by 
LIB-SO may be special modules created by the programmer or 
modules from an existing library (FORLIB, for example). 
With LIB-SO, you can build specialized runtime libraries for 
whatever execution requirements you design. 

The value of building a library is that all the routines 
needed to execute a program can be linked with it into an 
executable object (COM) file by entering the library name 
followed by /S in a LINK-SO command line. For example: 

LSO MAIN,NEWLIB/S,NEIL/N/G 

This is much more convenient than entering the necessary 
subroutines individually, especially if there are many 
modules. With a library file you can be sure all the 
necessary modules will be linked into the COM file, plus 
there is no danger of running out of space on the LINK-SO 
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command line. Additionally, the library makes this special 
collection of subroutines available for easy linking into 
any program. 

S.l SAMPLE LIB-SO SESSION 

The two most common uses you will have for LIB-SO are 
building a library and listing a library. The following 
sample sessions illustrate the basic commands for these two 
uses. 

BUILDING A LIBRARY: 

A>LIB 
*TRANLIB=SIN,COS , TAN , ATAN , ACOG 
*EXP 
*/E 
A> 

In this sample session, LIB invokes LIB-SO, which 
returns an asterisk (*) prompt. TRANLIB is the 
name of the library being created. 
SIN ,COS, TAN,ATAN , ACOG are filenames to be 
concatenated into TRANLIB. EXP is another filename 
to be concatenated into TRANLIB. (EXP could be 
listed on the previous command line; this example 
shows files entered singly and multiply.) /E causes 
LIB-BO to rename TRANLIB.LIB to TRANLIB.REL then to 
exit to CP/M. 

LISTING A LIBRARY: 

A>LIB 
*TRANLIB.LIB/U 
*TRANLIB.LIB/L 

(List of symbols in TRANLIB.LIB) 

*CTRL-C 
A> 

In this sample session, LIB invokes LIB-SO. 
TRANLIB.LIB/U tells LIB-SO to search ~RANLIB.LIB 
for any intermodule references that would not be 
defined during a single pass through the library 
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(that is, any "backward" referencing symbols). 
TRANLIB.LIB/L directs LIB-BO to list the modules in 
TRANLIB.LIB and the symbol definitions the modules 
contain. CTRL-C exits to CP/M without destroying 
any files. 

WARNING 

IE will destroy your current library if 
there is no new library under construction. 
This is a special danger to your FORTRAN 
runtime library FORLIB.REL. IF YOU ARE 
ONLY LISTING THE LIBRARY AND NOT REVISING 
IT, EXIT LIB-BO USING--- CTRL-C. 

B.2 LIB-BO COMMANDS 

Invoking LIB-BO 

To invoke LIB-BO, enter: 

LIB 

LIB-BO will return an asterisk (*) prompt, indicating ready 
to accept commands. Each command in LIB-BO adds modules to 
the library under construction. 

Commands to LIB-aO consist of an optional Destination field, 
a Source field, and an optional Switch field. 

The format of a LIB-80 command is: 

Destination=Source/Switch 

Each field is described below. The general format for each 
field is shown in parentheses after the field name. 
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Destination field (filename=) 

This field is optional. The equal sign is required if any 
entry is made in this field. 

Enter in this field the filename (and extension, if you 
choose) for the library file you want to create. 

If this field is omitted, LIB-SO defaults to the filename 
FORLIB. The default filename extension is .REL. 

WARNING 

Do not confuse this default 
filename FORLIB.LIB with 
FORLIB.REL, the runtime library 
supplied with FORTRAN-SO. These 
two libraries will not be the 
same unless you command LIB-SO 
to copy all the files.from the 
FORTRAN runtime library to the 
new library. Furthermore, when 
you exit LIB-SO, the default 
library name will be given the 
filename extension .REL, which 
means that it replaces the 
FORLIB.REL supplied with 
FORTRAN-SO. For this reason, 
unless you want your FORTRAN-SO 
runtime library destroyed, we 
recommend emphatically that you 
always specify a Destination 
filename when creating a new 
library. 
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Source field (filename<module» 

Some entry is required in this field. All Source files must 
be REL files. 

Source field entries tell LIB-SO which files or parts of 
files (modules) you want added to the destination library 
file. You have two choices for entries: 

1. Filename(s) only 

2. Any combination of filename(s) and module name(s) 

The following syntax rules apply: 

1. If a command consists of filenames only, the 
entries are separated by commas only. For example: 

FILEl,FILE2,FILE3 

2. If a command consists of filenames and module 
names, the module names must be enclosed in angle 
brackets «». Modules follow the filename where 
they are found. Each filename<rnodule name> 
combination is separated from other command line 
entries by commas. For example: 

FILEl,FILE2<MODZ>,FILE3<MODR>,FILE4 

3. If more than one module is named from the same 
file, the module names, enclosed in angle brackets 
«», must be separated from each other by commas. 
For example: 

FILEl,FILE2<MODZ,MODR>,FILE3 

See Additional Details about Source Modules, option 
2, below. 

Files and modules are typically FORTRAN or COBOL subprograms 
or main programs, or ALDS assembly language programs that 
contain ENTRY, GLOBAL, or PUBLIC statements. (These 
statements are called entry points.) LIB-SO recognizes a 
module by its program name, which may be a filename, or a 
name given by either the .TITLE or the NAME pseudo-op in 
MACRO-BO. All Source files must be REL files. 

LIB-SO concatenates REL files and modules of REL files; 
that is, LIB-SO strings one file or module after the other. 
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So there is no difference between the command under syntax 
rule 2 above and 

FILEI 
FILE2<MODZ> 
FILE3<MODR> 
FILE4 

Also, because the library file is built by concatenation, it 
is important to order the modules so that all intermodule 
references are "forward." That is, the module containing the 
external reference should physically appear ahead of the 
module containing the ENTRY point (the definition) • 
Otherwise, when you direct LINK-80 to search the library, 
LINK-80 may not satisfy all references on a single pass 
through the library. 

Additional Details about Source Modules 

To extract modules from previous libraries and other REL 
files, LIB-80 uses a powerful syntax to specify ranges of 
modules within a REL file. 

These ranges may be from one module to the entire file (in 
which case no module specification is given). 

The basic principle of specifying a range 
generally, that any module named in a 
included. (There is an exception, when 
relative offset range--item 6, below.) 

The options for specifying modules are: 

1. One module only 

of modules is, 
command will be 

specifying a 

Enter the module name. For example: 

FILEl<MODZ> 

includes only module MODZ of FILEI. 

2. Several discontiguous modules from one file 
Enter the module names separated by commas. 
For example: 

FILEI<MODZ,MODR,MODK> 

includes modules MODZ, MODR, and MODK. Note 
that these modules may be given in any order 
you need them concantenated for a proper 
one-pass search, regardless of their order in 
the original file. 
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3. From the first module through the named module 
Enter two periods ( .• ) and the name of the last 
module to be included. For example: 

FILEI< .• MODK> 

includes all modules from the first module in 
FILEI through module MODK. 

4. From a named module through the last module 
Enter the name of the module that starts the 
range followed by two periods ( .• ). For 
example: 

FILEI<MODR •• > 

includes all the modules, beginning with module 
MOOR, through the last module in FILEI. 

5. From one named module through another named module 
Enter the name of the module that starts the 
range followed by two periods ( .• ) followed by 
the name of the module that ends the range. 
For example: 

FILEI<MODZ •. MODK> 

includes all modules, beginning with module 
MODZ, through module MODK. 

6. Relative offset range 
Enter the module name followed by a + or - and 
the number of modules to be included. + means 
following the named module. - means preceding 
the named module. The named module is not 
included in the library. The offset number 
must be an integer in the range I to 255. For 
example: 

FILEI<MODZ+2> 

includes the two modules immediately following 
module MODZ. While 

FILEI<MODK-3> 

includes the three 
preceding module MODK. 

modules immediately 
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Additionally, ranges and offsets may be used 
together. For example: 

FILEI<MOOR+I •• MOOK-I> 

includes all the modules between module MOOR 
and module MOOK (but neither MODR nor MODK is 
included) • 

7. All modules in a file 
Enter the filename only. For example: 

FILEI 

includes the entire file (all modules in 
FILEI) . 

Switch field (/switch) 

An entry in the Switch field commands LIB-SO to perform 
additional functions. A Switch field entry is a letter 
preceded by a slash mark (/). 

WARNING 

IE will destroy your current 
library if there is no new 
library under construction. 
This is a special danger to 
your FORTRAN runtime library 
FORLIB.REL because FORLIB is 
the default filename used if 
you do not specify a 
destination filename. 
Therefore, unless you want to 
delete your complete FORTRAN 
runtime library, give LIB-80 a 
destination filename for the 
new library. If you are only 
listing the library and not 
revising it, exit LIB-80 using 
CTRL-C. 
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Switch 

/E 

Action 

Exit to CP/M. If you 
library or revlsing 
CTRL-C instead of /E. 

are not creating a 
an existing library, 

new 
use 

The library under construction (.LIB) is renamed 
to .REL and any previous copy of the library file 
is deleted. This is why /E is so dangerous and 
not to be used unless you are constructing a new 
library. Again, we recommend emphatically that 
you always enter a filename in the Destination 
field of the LIB-SO command line. 

/R Rename the library currently being built (.LIB) to 
.REL. The ~ warnings and cautions apply to /R 
as apply to /E. 

The previous copy of the library is deleted. Use 
/R only if you are building a new library. /R 
performs the same functions as /E, but does not 
exit to CP/M on completion. Use /R instead of /E 
when you want to exit the current library but want 
to continue using LIB-80 for other library 
managing. 

/L List the modules in the file specified and the 
symbol definitions the modules contain. The 
contents of a file are listed in cross reference 
format. 

Listings are currently always 
terminal; use CTRL-P before 
send the listing to the printer. 

sent to the 
running LIB-80 to 

/U Use /U to list the symbols which could be 
undefined in a single pass through a library. If 
a symbol in a library module refers "backward" (to 
a preceding module), /U will list that symbol. 

/C Use /C to clear commands from LIB-80 without 
exiting the LIB-SO program. The library under 
construction is deleted and the LIB-SO session 
starts over. The asterisk (*) prompt will appear. 

Use /C if you specified the wrong module(s) or the 
wrong order and want to start over with new LIB-SO 
commands. 
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/0 Use /0 to set typeout mode to Octal radix. /0 
will be given together with the /L switch, which 
commands LIB-80 to list. REMEMBER: When switches 
are given together, a slash must precede each 
switch. For example: 

NEWLIB/L/O 

/H Use /H to set typeout mode to Hexadecimal radix. 
Hexadecimal is the default radix. 
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Compatibility with Other Assemblers 

The $EJECT and $TITLE controls are provided for 
compatability with Intel's ISIS assembler. The dollar sign 
must appear in column 1 only if spaces or tabs separate the 
dollar sign from the control word. The control word 

$EJECT 

is the same as the MACRO-BO PAGE pseudo-oPe 

The control word 

$TITLE ( , text' ) 

is the same as the MACRO-BO SUBTTL <i;~xt> pseudo-oPe 

The Intel operands PAGE and INPAGE generate Q errors when 
used with the MACRO-SO CSEG or DSEG pseudo-ops. These 
errors are warnings; the assembler ignores the operands. 

When MACRO-80 is invoked, the default for the origin is Code 
Relative O. With the Intel ISIS assembler, the default is 
Absolute O. 

with MACRO-SO, the dollar sign ($) is a defined constant 
that indicates the value of the location counter at the 
start of the statement. Other assemblers may use a decimal 
point or an asterisk. Other constants are defined by 
MACRO-SO to have the following values: 

A=7 
H=4 

B=O 
L=5 

C=l 
M=6 

D=2 
SP=6 

E=3 
PSW=6 
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The Utility Software Package with TEKDOS 

The command formats for MACRO-BO, LINK-BO, and CREF-BO 
differ slightly under the TEKDOS operating system. 

B.l TEKDOS COMMAND FILES 

The files MaO, LSO, and eso are actually TEKDOS command 
files for the assembler, loader, and cross reference 
programs, respectively. These command files set the 
emulation mode to 0 and select the Z-BO assembler processor 
(see TEKDOS documentation), then execute the appropriate 
p-rogram file. You wilL note that all of these command files 
are set up to execute the Microsoft programs from drive #1. 
LINK-BO will also look for the library on drive #1. If you 
wish to execute any of this software from drive #0, the 
command file must be edited. Then, LINK-BO should be given 
an explicit library search directive, such as MYLIB-S. See 
the Switches section in Chapter 6, LINK-BO Linking Loader. 

Filenames under TEKDOS do not use the Utility Software 
Package default filename extensions. 

B.2 MACRO-80 

The MACRO-BO assembler accepts command lines only (the 
invoke command, MBO, and all filenames and switches must be 
on one line). No prompt is displayed, and the interactive 
commands (,TTY:=TTY: and ,LPT:=TTY:) are not accepted. 
Commands have the same format as TEKDOS assembler commands; 
that is, up to three filenames or device names plus optional 
switches. 

MBO [object] [list] source [switch [switch [ ••. ]]] 

The object and list file entries are optional. These files 
will not be created if the parameters are omitted. Any 
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error messages will still be displayed on the console. The 
available switches are described in Chapter 5 of this 
manual. All command line entries may be delimited by commas 
or spaces. If you do not want to request an object file, 
you must enter a <space comma space> between the M80 entry 
and the name of the list file. For example: 

M80 , LIST SOURCE 

B.3 CREF-aO 

The form of commands to CREF-aO is: 

cao list source 

Both filenames are required. The source file is always the 
name of a CREF-SO file created during assembly by the C 
switch. ' 

Example: 

To create a CREF-aO file from the source TSTMAC using 
MACRO-aD, enter: 

Mao , TSTCRF TSTMAC C 

To create a cross reference listing from the CREF-80 file 
TSTCRF, enter: 

cao TSTLST TSTCRF 

B.4 LINK-aD 

With TEKDOS, the LINK-aO loader accepts interactive commands 
only. Command lines are not supported. 

When LINK-aD is invoked, and whenever it is waiting for 
input, it will prompt with an asterisk. Commands are lists 
of filenames and/or devices separated by commas or spaces 
and optionally interspersed with switches. The input to 
LINK-SO must be r·1icrosoft relocatable object code (not the 
same as TEKDOS loader format). 

Switches to LINK-80 are delimited by hyphens under TEKDOS, 
instead of slashes. All LINK-80 switches (as documented in 
Chapter 6) are supported, except -G and -N, which are not 
implemented at this time. 
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EXAMPLE: 

1. Assemble a MACRO-80 program named XTEST, creating 
an object file called XREL and a listing file 
called XLST: 

>M80 XREL XLST XTEST 

2. Load XTEST and save the loaded module: 

>L80 
*XREL-E 
[04AD 22B8] 
*DOS*ERROR 46 
L80 TERMINATED 
>M xt-10D 400 22B8 04AD 

Note that -E exits via an error message due to execution of 
a Halt instruction. The memory image is intact, however, 
and the TEKDOS Module command may be used to save it. Once 
a program is saved in module format, it may then be executed 
directly without going through LINK-80 again. 

The bracketed numbers printed by LINK-80 before exiting are 
the entry point address and the highest address loaded, 
respectively. The loader default is to begin loading at 
400H. However, the loader also places a jump to the start 
add.ressin_l.oca.ti.Qo 0,. Hh_Lch allows ex.ecution tohe9-Ln. __ a t O. 
The memory locations between 0003 and 0400H are reserved for 
SRB's and I/O buffers at runtime. 
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ASCII CHARACTER CODES 

Dec Hex CHR Dec Hex CHR Dec Hex CHR 

000 OOH NUL 043 2BH + 086 S6H V 
001 01H SOH 044 2CH , 087 S7H W 
002 02H STX 045 2DH 088 S8H X 
003 03H ETX 046 2EH 089 S9H Y 
004 04H EaT 047 2FH / 090 SAH Z 
005 05H ENQ 048 30H 0 091 5BH [ 
006 06H ACK 049 31H 1 092 5CH \ 
007 07H BEL 050 32H 2 093 SDH ] 
008 08H BS 051 33H 3 094 SEH "'-

009 09H HT 052 34H 4 095 SFH 
010 OAH LF 053 35H 5 096 60H T 

011 OBH VT 054 36H 6 097 61H a 
012 OCH FF 055 37H 7 098 62H b 
013 ODH CR 056 38H 8 099 63H c 
014 OEH SO 057 39H 9 100 64H d 
015 OFH S1 058 3AH 101 65H e 
016 10H DLE 059 3BH ; 102 66H f 
017 11H DCI 060 3CH < 103 67H 9 
018 12H DC2 061 3DH = 104 68H h 
019 13H DC3 062 3EH > 105 69H i 
020 14H DC4 063 3FH ? 106 6AH j 
021 ISH NAK 064 40H @ 107 6BH k 
022 16H SYN 065 41H A 108 6CH 1 
023 17H ETB 066 42H B 109 6DH m 
024 18H CAN 067 41H C 110 6EH n 
025 19H EM 068 44H D III 6FH 0 

026 lAH SUB 069 45H E 112 70H P 
027 1BH ESCAPE 070 46H F 113 71H q 
028 1CH FS 071 47H G 114 72H r 
029 1DH GS 072 48H H 115 73H s 
030 1EH RS 073 49H I 116 74H t 
031 1FH us 074 4AH J 117 75H u 
032 20H SPACE 075 4BH K 118 76H v 
033 21H 076 4CH L 119 77H w 
034 22H " 077 4DH M 120 78H x 
035 23H * 078 4EH N 121 79H y 
036 24H $ 079 4FH a 122 7AH z 
037 25H % 080 SOH P 123 7BH I 038 26H & 081 51H Q 124 7CH 
039 27H 082 52H R 125 7DH 
040 28H ( 083 53H S 126 7EH 
041 29H ) 084 54H T 127 7FH DEL 
042 2AH * 085 55H U 

Dec=decimal, Hex=hexadecima1 (H), CHR=character. 
LF=Line Feed, FF=Form Feed, CR=Carriage Return, DEL=Rubout 
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FORMAT OF LINK COMPATIBLE OBJECT FILES 

This appendix contains reference material for users who wish 
to know the load format of LINK-ao relocatable object files. 
None of this material is necessary to the operation of ALDS. 
There is nothing in the format material presented here which 
can be manipulated by the user. The material is highly 
technical, and it is not presented in any tutorial manner. 

LINK-compatible object files consist of a bit stream. 
Individual fields within the bit stream are not aligned on 
byte boundaries, except as noted below. Use of a bit stream 
for relocatable object files keeps the size of object files 
to a minimum, thereby decreasing the number of disk 
reads/writes. 

There are two basic types of load items: Absolute and 
Relocatable. The first bit of an item indicates one of 
these two types. If the first bit is a a, the following a 
bits are loaded as an absolute byte. If the first bit is a 
I, the next 2 bits are used to indicate one of four types of 
relocatable items: 

00 Special LINK item (see below). 

01 Program Relative. Load the following 16 bits 
after adding the current Program base. 

10 Data Relative. Load the following 16 bits 
after adding the current Data base. 

11 Common Relative. Load the following 16 bits 
after adding the current Common base. 
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Special LINK items consist of the bit stream 100 (read 
one-zero-zero) followed by: 

a four-bit control field 

an optional A field consisting of a two-bit address 
type that is the same as the two-bit field described 
above, except 00 specifies absolute address 

an optional B field consisting of 3 bits that give a 
symbol length and up to 8 bits for each character of 
the symbol 

A general representation of a special LINK item is: 

1 00 xxxx yy nn 
~ 

A field 

zzz + characters of symbol name , 
B field 

where: xxxx is four-bit control field (0-15 below) 
yy is two-bit address type field 
nn is sixteen-bit value 
zzz is three-bit symbol length field 

The following special types have a B-field only: 

a Entry symbol (name for search) 
1 Select COMMON block 
2 Program name 
3 Request library search 
4 Extension LINK items (see below) 

The following special LINK items have both an A field and a 
B field: 

5 Define COMMON size 
6 Chain external (A is head of address chain, B 

is name of external symbol) 
7 Define entry point (A is address, B is name) 
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The following special LINK items have an A field only: 

8 External - offset. Used for JMP and CALL to 
externals 

9 External + offset. The A value will be added 
to the two bytes starting at the current 
location counter immediately before execution. 

10 Define size of Data area (A is size) 
11 Set loading location counter to A 
12 Chain address. A is head of chain. Replace 

all entries in chain with current location 
counter. The last entry in the chain has an 
address field of absolute zero. 

13 Define program size (A is size) 
14 End program (forces to byte boundary) 

The following special LINK item has neither an A nor a B 
field: 

15 End file 

An Extension LINK item follows the general format of a 
B-field-only special LINK item, but the contents of the 
B-field are not a symbol name. Instead, the symbol area 
contains one character to identify the type of extension 
LINK item, followed by from 1 to 7 characters of additional 
information. 

Thus, every extension LINK item has the format: 

1 00 0100 III s bbbbbb 

where: III is 3 bits containing the length of the 
field bbbbbb (0 implys 1 since Fao emits 
entry length of 0 for Blank Common) , 

The 

s 

bbbbbb 

is an eight bit extension LINK item 
sub-type identifier, and 

are 1 to 6 bytes for additional 
information. If used as B field for 
name, bbbbbb may be only 6 characters. 

present extension LINK item sub-types are: 

5 X '35' COBOL overlay segment sentinel 

A X' 41' Arithmetic Fixup (Arithmetic Operator) 

B X'42' Arithmetic Fixup (External Reference) 

C X' 43' Arithmetic Fixup (Area Base + Offset) 
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Descriptions of Sub-types 

sub-type 5 

When the overlay segment sentinel is encountered by 
LINK-aD, III receives the value 010 (binary), and the 
current overlay segment number is set to the value b+49. 
If the previously existing segment number was non-zero 
and the IN switch is in effect, the data area is written 
to disk in a file whose name is the current program name 
and whose extension is Vnn, where nn are the two 
hexadecimal digits representing the number b+49 
(decimal) • 

sub-types A,B,C 

Sub-types A, B, and C allow the processing of Polish 
Arithmetic text. Items must be read as Reverse Polish 
Expression. One or more Value items (sub-type B or C) 
are followed by one or more Arithmetic Operators 
(sub-type A) and end with a Store-Result Arithmetic 
Operator (B.STBT or B.STWD). 

All Items are put in the Fixup Table afer any offset 
entries have been converted to final addresses. The 
Polish expression is executed out of the Fixup Table at 
the end of link. The result is stored at the PC given 
when the Items were read. 
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Table of MACRO-80 Pseudo-ops 

Notation: * means Z80 pseudo-op 
no stars means 8080 pseudo-op 

SINGLE-FUNCTION PSEUDO-OPS 

Instruction Set Selection 

.Z80 

.8080 

Data Definition and Symbol Definition 

* 
* 
* 
* 
* 

* 

-<name> ASET<exp->­
BYTE EXT <symbol> 
BYTE EXTRN <symbol> 
BYTE EXTERNAL <symbol> 
DB <exp>[,<exp> ••• ] 
DB <string>[<string> ••• ] 
DC <string> 
DDB <exp>[,<exp> ••. ] 
DEFB <exp>[,<exp> •.• ] 
<name> DEFL <exp> 
DEFM <string>[,<string> ••• ] 
DEFS <exp>[,<val>] 
DEFW <exp>[,<exp> ••. ] 
DS <exp>[,<val>] 
DW <exp>[,<exp> .•. ] 
ENTRY <name>[,<name> •.. ] 
<name> EQU <exp> 
EXT <name>[,<name> ••• ] 
EXTRN <name>[,<name> •.• ] 
EXTERNAL <name>[,<name> .•• ] 
GLOBAL <name>[,<name> ... ] 
PUBLIC <name>[,<name> ••. ] 
<name> SET <exp> (not in .ZaD mode) 



PC Mode Pseudo-ops 

ASEG 
CSEG 
DSEG 
COMMON /<block name>/ 
ORG <exp> 
.PHASE <exp>/.DEPHASE 

File Related Pseudo-ops 

.COMMENT <delim><text><delim> 
END [<exp>] 
INCLUDE <filename> 
$INCLUDE <filename> 
MACLIB <filename> 
.RADIX <exp> 
.REQUEST <filename>[,<filename> ..• ] 

Listing Pseudo-ops 

Format Control Pseudo-ops 

* *EJECT [<exp>] (one star is part of *EJECT) 
PAGE <exp> 
SUBTTL <text> 
TITLE <text> 
$TITLE 

General Listing Control Pseudo-ops 

.LIST 

.XLIST 

.PRINTX <delim><text><delim> 

Conditional Listing Control Pseudo-ops 

.SFCOND 

.LFCOND 

.TFCOND 

Expansion Listinq Control Pseudo-ops 

.LALL 

.SALL 

.XALL 
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Cross-Reference Listing Control Pseudo-ops 

.XCREF 

.CREF 

MACRO FACILITY PSEUDO-OPS 

Macro Pseudo-ops 

<name> MACRO <parameter>[,<parameter> •.. ] 
ENDM 
EXITM 
LOCAL <parameter>[,<parameter> ... ] 

Repeat Pseudo-ops 

REPT <exp> 
IRP <dummy>,<parameters in angle brackets> 
IRPC <dummy>,string 

Conditional Assemblv Facility 

* COND <exp> 
ELSE 

* ENDC 
ENDIF 
IF <exp> 
IFB <arg> 
IFDEF <symbol> 
IFDIF <argl>,<arg2> 
IFE <exp> 
IFF <exp> 
IFIDN <argl>,<arg2> 
IFNB <arg> 
IFNDEF <symbol> 
IFT <exp> 
IFI 
IF2 
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APPENDIX F 

Table of Opcodes 

The opcodes are listed alphabetically by instruction set. 
For details, refer to the reference books listed in Chapter 
1. 

F.I Z80 OPCODES 

Opcode 

ADC A 
ADC HL, rp 
ADD 
AND 
BIT 
CALL add.r_ 
CALL cond,addr 
CCF 
CP 
CPD 
CPDR 
CPI 
CPIR 
CPL 
OAA 
DEC 
DI 
OJNZ 
EI 
EX 
EXX 
HALT 
1M x 
IN 
INC 
IND 
INOR 
INI 
INIR 
JP addr 
JP cond,addr 
JR 

Function 

Add with Carry to Accumulator 
Add Register Pair with Carry to HL 
Add 
Logical AND 
Test Bit 
Call Subroutine 
Call Conditional 
Complement Carry Flag 
Compare 
Compare, Decrement 
Compare, Decrement, Repeat 
Compare, Increment 
Compare, Increment, Repeat 
Complement Accumulator 
Decimal Adjust Accumulator 
Decrement 
Disable Interrupts 
Decrement and Jump if Not Zero 
Enable Interrupts 
Exchange 
Exchange Register Pairs and Alternatives 
Halt 
Set Interrupt Mode 
Input 
Increment 
Input, Decrement 
Input, Decrement, Repeat 
Input, Increment 
Input, Increment, Repeat 
Jump 
Jump Conditional 
Jump Relative 



JR 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
LDD 
LDDR 
LDI 
LDIR 
NEG 
NOP 
OR 
OUT 
OUTD 
OTDR 
OUTI 
OTIR 
POP 
PUSH 
RES 
RET 
RET 
RETI 
RETN 
RL 
RLA 
RLC 
RLCA 
RLD 
RR 
RRA 
RRC 
RRCA 
RRD 
RST 

cond,addr 
A, (addr) 

A, (Be) or (DE) 
A, I 
A,R 

HL, (addr) 
data 

xy, (addr) 
reg, (HL) 

reg, (xy+disp) 
rp, (addr) 

SP,HL 
SP,xy 
dst,scr 
(addr) ,A 

( Be ) 0 r ( DE) ,A 
I,A 
R,A 

(addr) ,HL 
(HL) ,data 
(xy+disp) ,data 
(addr) ,xy 

(HL) ,reg 
(xy+disp) ,reg 
(addr) ,rp 

cond 

Jump Relative Conditional 
Load Accumulator Direct 
Load Accumulator Secondary 
Load Accumulator from Interrupt Vector 
Load Accumulator from Refresh Register 
Load HL Direct 
Load Immediate 
Load Index Register Direct 
Load Register 
Load Register Indexed 
Load Register Pair Direct 
Move HL to Stack Pointer 
Move Index Register to Stack Pointer 
Move Register-to-Register 
Store Accumulator Direct 
Store Accumulator Secondary 
Store Accumulator to Interrupt Vector 
Store Accumulator to Refresh Register 
Store HL Direct 
Store Immediate to Memory 
Store Immediate to Memory Indexed 
Store Index Register Direct 
Store Register 
Store Register Indexed 
Store Register Pair Direct 
Load, Decrement 
Load, Decrement, Repeat 
Load, Increment 
Load, Increment, Repeat 
Negate (Two's Complement) Accumulator 
No Operation 
Logical OR 
Output 
Output, Decrement 
Output, Decrement, Repeat 
Output, Increment 
Output, Increment, Repeat 
Pop from Stack 
Push to Stack 
Reset Bit 
Return from Subroutine 
Return Conditional 
Return from Interrupt 
Return from Non-Maskable Interrupt 
Rotate Left Through Carry 
Rotate Accumulator Left Through Carry 
Rotate Left 'Circular 
Rotate Accumulator Left Circular 
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Register 

Register 

Rotate Accumulator and Memory Left Decimal 
Rotate Right Through Carry 
Rotate Accumulator Right Through Carry 
Rotate Right Circular 
Rotate Accumulator Right Circular 
Rotate Accumulator and Memory Right Decimal 
Restart 



SET Set Bit 
SBC Subtract with Carry (Borrow) 
SCF Set Carry Flag 
SLA Shift Left Arithmetic 
SRA Shift Right Arithmetic 
SRL Shift Right Logical 
SUB Subtract 
XOR Logical Exclusive OR 

F.2 8080 OPCODES 

Opcode 

ADC,ACI 
ADD,ADI 
ANA,ANI 
CALL 
CC 
CM 
CMA 
CMC 
CMP,CPI 
CNC 
CNZ 
CP 
CPE 
CPO 
CZ 
DAA 
DAD 
DCR 
DCX 
DI 
EI 
HLT 
IN 
INR 
INX 
JC 
JM 
JMP 
JNC 
JNZ 
JP 
JPE 
JPO 
JZ 
LDA 
LDAX 
LHLD 
LXI 

Function 

Add with Carry 
Add 
Logical AND 
Call Subroutine 
CalIon Carry 
Callan Minus 
Complement Accumulator 
Complement Carry 
Compare 
CalIon No Carry 
Callan Not Zero 
CalIon Positive 
CalIon Parity Even 
CalIon Parity Odd 
CalIon Zero 
Decimal Adjust 
16-bit Add 
Decrement 
l6-bit Decrement 
Disahle Interrupts 
Enable Interrupts 
Halt 
Input 
Increment 
Increment 16 bits 
Jump on Carry 
Jump on Hinus 
Jump 
Jump on Not Carry 
Jump on Not Zero 
Jump on Positive 
Jump on Parity Even 
Jump on Parity Odd 
Jump on Zero 
Load Accumulator 
Load Accumulator Indirect 
Load HL Direct 
Load 16 bits 
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MOV 
MVI 
NOP 
ORA,ORI 
OUT 
PCHL 
POP 
PUSH 
RAL 
RAR 
RC 
RET 
RLC 
&'''1 
RNC 
RNZ 
RP 
RPE 
RPO 
RRC 
RST 
RZ 
SBB,SBI 
SHLD 
SPHL 
STA 
STAX 
STC 
SUB,SUI 
XCHG 
XRA,XRI 
XTHL 

Move 
Move Immediate 
No Operation 
Logical OR 
Output 
HL to Program Counter 
Pop from Stack 
Push to Stack 
Rotate with Carry Left 
Rotate with Carry Right 
Return on Carry 
Return from Subroutine 
Rotate Left 
Return on Minus 
Return on No Carry 
Return on Not Zero 
Return on Positive 
Return on Parity Even 
Return on Parity Odd 
Rotate Right 
Restart 
Return on Zero 
Subtract with Borrow 
Store HL Direct 
HL to Stack Pointer 
Store Accumulator 
Store Accumulator Indirect 
Set Carry 
Subtract 
Exchange D and E, Hand L 
Logical Exclusive OR 
Exchange Top of Stack, HL 
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Microsoft 
Software Problem Report 

Use this form to report errors or problems in: [J FORTRAN-ao 

o COBOL-aD 

D MACRO-80 

o LINK-aO 

Release (or version) number: 

Date 

Report only one problem per form. 

Describe your hardware and operating system: 

Please supply a concise description of the problem and the 
circumstances surrounding its occurrence. If possible, reduce 
the problem to a simple test case. Otherwise, include all 
programs and data in machine readable ferm (preferably on a 
diskette). If a patch or interim solution is being used , 
please describe it. 

This form may also be used to describe suggested enhancements 
to Microsoft software. 

Problem Description: 

-over-



Did you find errors in the documentation supplied with the 
software? If so, please include page numbers and describe: 

Fill in the following information before returning this form: 

Name Phone -------------------------------------- -----------------------
Organization 

----------~-----------------------------------------------
Address --------------------------

City 

Return form to: Microsoft, Inc. 
10700 Northup Way 
Bellevue, WA 98004 

-------- State Zip ---


