The following are edited excerpts from CP/M – The software bus by A. Clarke, J.M. Eaton and D. Powys-Lybbe, Sigma Technical Press, 1983.  

THE CP/M COMPATIBLE ASSEMBLERS

8.1 Fundamentals.

If you want a quick overview of assembly programming itself, you should probably look elsewhere. These pages explain - or help you to remind yourself - how to actually use assemblers for CP/M. ASM, MAC and RMAC, are the most popular assemblers and they are included here, together with the error messages on the console and in the file produced after assembly.

We will cover the assembler supplied with CP/M up to and including version 2.2 first (ASM), and then look at the 3.1 assemblers.

8.2 ASM.

You invoke the assembler (ASM) either with a filename alone, or with three parameters added to the filename. Each parameter is a single letter, and is added to the filename after a period (.). This makes it look like a file type extension. Do not be misled.

The assembler produces two files, a copy of the source with line numbers and comments, called PRN, and a HEX file ready for LOADing.

The .PRN file could be used as a .ASM file, by using the ED command to remove the first 16 characters from each line, and then renaming it.

To invoke ASM, the command is either

ASM filename
ASM filename.123 (see details of parameters 1,2 and 3 below.)

The filename is the name only, not the drive or the type. If you have produced FRED.ASM with an editor, the command is -

ASM FRED

The three parameters allow you to specify the source of the ASM file, the destination of the HEX file and the destination of the PRN file, like this -

1 - a single drive letter (no colon) indicating where FRED.ASM will be found. If the parameter list is not used, FRED.ASM is assumed to be on drive A.

2 - a single drive letter (no colon) indicating where FRED.HEX is to be put. If you put Z as the letter, no hex file will be produced. (Early stages of assembly, looking for language errors.)

3 -a single drive letter as before, indicating the destination of the FRED. PRN file. Z causes ASM to skip the PRN file, or X causes ASM to put the PRN file straight onto the printer.

Thus ASM FRED is exactly the same as ASM FRED.AAA. As another example, the first assemble of FRED.ASM might be done with the command-

ASMFRED.BZX

which means that FRED.ASM is on drive B, that you do not want a FRED.HEX at all, and that you want FRED.PRN to appear on the printer.

8.2.1 Successful assembly.

If the assembly is successful (it is a two-stage operation), the assembler signs off with the following messages -

xxxx

yyyH USE FACTOR ENDOFASSEMBLY

xxxx is the hex address of the first unused byte after the program has been loaded. (End of program + 1)


yyyH refers to the symbol table space, and if divided by OFFH, gives the fraction used. So if you convert yyyH to decimal and divide by 2.56 (or multiply by 0.4, roughly), that will give you the percentage of the symbol table space actually used.

8.2.2 Errors on the Console.

The assembler ASM can fail to complete an assembly if one of the following error messages is displayed.

NO SOURCE FILE PRESENT    
The file specified in the ASM command is not on the specified or default disc. 

NO DIRECTORY SPACE        
The directory of the disc is full. Erase files.

SOURCE FILE NAME ERROR    
Improperly formed ASM file name. 

SOURCE FILE READ ERROR    
Source file cannot be read properly by the assembler. Execute a TYPE command on the file to determine where the error is.

OUTPUT FILE WRITE ERROR    Output file(s) cannot be written properly, most likely cause is that the disc is full. Do a STAT to check and erase if necessary.

CANNOT CLOSE FILE         
Output file cannot be closed - check to see if the disc is write protected.

8.2.3 Errors in the .PRN file lines.

These errors are displayed on the console during the assembly, and are also embedded in the PRN file.

D   Data error: an element in the data statement cannot be placed in the specified data area. 

E   Expression error: expression is ill-formed, and cannot be computed at assembly time.

L    Label error: label cannot appear in this context, or duplicate label. 

N   Not implemented: you have attempted to use a feature which requires a later version of ASM.

O   Overflow: the expression is too complicated to compute - simplify it. 

P   Phase error: label does not have the same value on two subsequent passes through the program. 

R   Register error: the value specified as a register is not compatible with the opcode.

V   Value error: operand encountered in the expression is improperly formed.


8.4 Other assemblers available.

ASM

The simplest development system available under CP/M is supplied free with CP/M itself (versions up to 2.2). It is –

ASM.COM
-theassembler 
DDT.COM
-thedebugger 
LOAD.COM
-the loader (hex to binary)

This package originated within the Naval Postgraduate School, Monterey, California. Dr Gary Kildall was responsible for some of it, in its original version. Some of DDT and all of the other programs were originally written in PL/M, and have been modified and developed over the years. The assembler itself, in particular, has been developed into Digital's RMAC - the Relocating Macro Assembler. 

MAC

For fairly small jobs, that are not too complex, the basic package is quite adequate, but for more extensive and intensive work there is a better set (supplied with CP/M version 3.1) –

MAC.COM
-the macro assembler 

SID. COM 
-theSymbolic Instruction Debugger LOAD.COM
-the same loader as before.

If you do not require object files (that is, files of assembled machine code) which can be put into different parts of the memory at different times -'relocatable' files - then MAC is a fine tool. Is comes with a good range of macro files to help the programmer with sequential I/O, to provide special instructions, to provide structured assembly constructs and so on.

RMAC

MAC is an extended version of ASM which can support macros. M80 or PASM offer even more comprehensive macro facilities, but MAC is good. The principal limitation of MAC is that it cannot produce REL (re-locatable) files. Large programs are therefore tedious to develop. When PL1-80 became available, MAC was updated to produce re-locatable output, as RMAC. 

RMAC and LINK are provided with CP/M Plus-as version 3.1 is being called on 1983 literature.

RMAC.COM 

-the relocating macro assembler 

LINK.COM


-the linking loader 

SID.COM (or ZSID.COM)
-the same Symbolic debugger.

SID is in fact of rather limited use with relocatable files, because it cannot load them as object files, and cannot cope with addresses relative to a relocation base address. If Digital Research were to upgrade SID, the package could very easily become 'state of the art' in 8080/Z80 assembler packages.

TDL

The TDL package came from a separate line of development. Neil Colvin was responsible for one of the first Z80 assemblers, and this product has now matured. For some time it was a tape based package, rather than disc based, but it did eventually become available under CP/M. A linker and debugger were part of the package. TDL suddenly disappeared, and the package was then sold as -

MACROII.COM DEBUG.COM LINK.COM

After Neil Colvin moved to P.S.A. the assembler re-appeared with two new and powerful associate programs.

PASM.COM BUG.COM PLINK.COM (or PLINKII.COM)

The P.S.A. package is the most expensive, and probably the most versatile and powerful development package available with CP/M, and even supports overlays. BUG and PLINK are remarkable products, and if BUGII and PASMII eventually appear as promised, assembler level programmers will have a really superb tool. TDL or PASM are more difficult to learn than some of the simpler products, but amply repay persistence.

M80

The third great assembler came from Microsoft. This is a good product which is particularly useful for those who prefer the Zilog mnemonics. It has powerful macro facilities, but does not come with the macro libraries that are so useful with RMAC. The Linker is comparatively primitive compared to PLINK, because it does not link disc to disc, and overlays are difficult to produce. The macro assembler M80 lacks a good debugging tool, but never-the-less, it is probably the best known and most used relocating macro assembler for CP/M. The package is -

M80.COM L80.COM LIB.COM

There are several more assemblers around, of varying degrees of usefulness. Mostly they can be found in the CP/M User Library. These are the most important of them.

ASMX This assembler recognises extended INTEL Z80 mnemonics which are similar to TDL but not identical. After one or two irritating little bugs are cured or avoided, it works. It is in the US CP/M user library, vol 16

MACASM We have not tried this assembler, and we do not know anyone who has. It uses 8080 mnemonics and processes macros. It is in the US vol 16.

Z80ASM This is available in source as well as .COM form. The assembler recognises Zilog mnemonics. There are a few bugs, and the improved version still has minor problems with drive selection and some of the more obscure op codes. The original is in US vol 16 and an improved version is in UK vol 5.

That concludes the background, and shows the range of products which are available to the assembly programmer under CP/M. For ASM programmers who are converting to MAC, and who need to beable
to use RMAC, we include brief details here.

8.7 MAC (supplied with version 3.1)

The input to MAC is a file of assembly language statements which must be of type ASM. Three files are produced as output, with the same name as the input, and with types HEX, PRN and SYM. The first contains the Intel hex format object code, and the second (PRN) contains an annotated source listing which can be seen at the console or printed out. The third file (name.SYM) contains a sorted list of symbols which are defined in the program.

The input sources and the output destinations are controllable, with options, and outputs can be suppressed if required.

There are 15 drive names (A, B, C, upto N, O) plus three pseudo drives. X is a pseudo drive and directs the chosen output to the console. (Another letter is required to choose which output is meant, see below.) P is a pseudo drive and means the printer (the currently allocated LST device). Z is used to suppress the chosen output (Z = zero output).

Two sources are possible, the input file (the name.ASM file) and the macro-library (.LIB) files which may be called by the MACLIB statement. Three destinations are possible, as indicated above.

The basic command without options is this -

MAC filename

To add options, the dollar sign ($) follows the filename, and then one or more pairs of letters. The first of each pair designates the input or output file as follows-

A The following letter will be the source drive. 

L The following letter will be the. LIB drive. 

H The following letter will be the drive to which the HEX file is to be directed.

P The following letter will be the drive to which the PRN file is to be directed.

S The following letter will be the drive to which the symbol list (SYM file) is to be directed.

After one of these file letters, the letter A to O (for a 'real' drive) or X, P or Z for a pseudo drive will be used. 

For example, this is the command to take the source from drive B, to suppress the HEX file, put the SYM file to the printer, and put the PRN file on the console. The file is called FRED.ASM.

MAC FRED $AB HZ SP PX

No disc files will be created with that command, but you will have seen the listing on the screen (interruptible with ^S) and you will have a printed symbol table.

If a conventional 'assemble' is required, with only the source drive to be specified, the command could be one of –

MACB:FRED 
-or-

MAC FRED $AB

Those two commands are not identical. In the first, all the output will go to drive B, but in the second, the output will go to drive A, taking only the source from B.

The PRN and SYM files can be modified by use of five further options. These are-

+L 
List the input lines read from macro-library LIB files.

-L 
(the default) Suppress that listing.

+M
List all macro lines as they are processed during assembly.

-M 
Suppress that listing. 

*M 
List only the hex generated by macro expansion.

+Q 
List all LOCAL symbols in the SYM file.

-Q 
(the default) Omit LOCAL symbols from the SYM file.

+S 
Add the SYM file to the end of the PRN file.

-S 
Do not produce a symbol file at all. ( = SZ)

+1 
This tells MAC to produce a pass one listing for debugging purposes, to put it in the PRN file.

-1 
(the default) Do not produce a pass one listing.


You may introduce controls into your actual ASM file, by putting a $ in the first position of an input line, followed immediately by the desired parameter. If you wanted to switch on the listing of LOCAL symbols part way through a program, one program line would be-

$+Q

There are a number of fatal errors which can occur during assembly, several more than with ASM. and these are indicated on the console as follows -

NO SOURCE FILE PRESENT
If you do not specify the correct drive, or if your file is not of type ASM, this will appear. If your drive spec is invalid, (eg - no drive exists with that letter) this will also appear.

NO DIRECTORY SPACE
Note that this refers to directory space, not file space. Large files may consume more than one directory entry each (see Part Three, Chapters 11 onwards). Erase some surplusfiles.

OUTPUT FILE WRITE ERROR
Either the destination disc is full or is write protected. Note that in CP/M 3.1, replaced media are automatically logged on, so this is not a result of changing the medium.

CANNOT CLOSE FILE
Probably arises due to a write protected disc.

SOURCE FILE NAME ERROR
There is an illegal character in your filename. You cannot use an afn.

SOURCE FILE READ ERROR
If the source file is corrupt (did you have a BAD SECTOR error when writing it?) this will occur.

UNBALANCED MACRO LIBRARY
Normally this means that you have omitted the ENDM from a macro definition.

INVALID PARAMETER
You have put in an assembly parameter in the input line, and MAC cannot recognise it. Only use valid parameters!

As well as the above errors, there are several 'assemble time' errors which MAC can detect, and will report. Again, there are many more than with ASM, so we have included the full set. They will appear on the console, and will also be embedded in the PRN file. This type of error is denoted by a code as the first character of the line, which is then followed by the line address, the machine code, and your original line, made up of 'label mnemonic operand ;comment'. The single letter codes are as follows -

B   Balance error. MACRO or conditional assembly does not terminate correctly.

C   Comma was not used correctly to delimit items. 

D   Data element cannot be placed in the data area. (Too long ?) 

E    Expression error. (Too long or ill-formed expression.) 

I    Invalid character. (Usually a non-graphic character.) 

L    Label error. (Have you defined it more than once ?) 

M   MACRO overflow error. The internal macro expansion table has overflowed. 

N   You have used a directive which is not implemented. (Is it an RMAC directive?)

O   Overflow. (Expression too complex, or more than 9999 labels.) 

P   Phase error. Label has different values on successive passes, or has been defined twice.

R   Register error. The value is not consistent with the op code. 

S   Statement/Syntax error. There's a helpful message ! 

U   Undefined label. (Does not exist, apparently.) 

V   Value error. Usually an improper operand - may be just a typing error!

At the end of an assembly run, MAC signs off with the usual message-

eeee

sssH USE FACTOR

ENDOFASSEMBLY


The eeee is the hex address of the end of the program/data. The sss, divided by OFFH, gives the fraction of the table space actually used.

8.8 RMAC.

RMAC assembles ASM files, just as MAC does, but it creates REL files which you can LINK (see below) to create COM files.

The options are almost identical to those we described for MAC, except that the first letter of an option pair can be R (for the destination REL file) instead of H (for the destination HEX file). So if you wanted the REL file on the disc in drive F, your parameter would be $RF. As for MAC, only one $ sign is needed after the filename and before the list of options.

8.9 LINK.

We have commented on the linking software earlier in the chapter, and for completeness we will include a summary of the version 3.1 linker- LINK-80 -here.

The full description of LINK-80 is included in the Programmers Utilities Guide to CP/M 3, but in essence, LINK combines relocatable object modules such as those produced by RMAC, BASCOM, PROPASCAL and PL/I-80 into a COM file or an RSX file or a PRL file, ready for execution.

LINK options follow the file specifications, and are enclosed in square brackets []. Multiple options are separated by commas.

A
Additional memory. Reduces buffers and write temporary data to disc.

B
This is the BIOS link in banked CP/M 3.1 systems. It aligns data segment to page boundary, puts length of code segment in header and defaults to SPR filetype.

Dnnnn
Sets the memory origin to nnnn (hex) for common and data areas.

Gn
Go. Sets start address to label n. 

Lnnnn
Load. Change default load address to nnnn. (default for nnnn is 0100H.)

Mnnnn
Memory size. Define free memory for MP/M modules. 

NL
No Listing of symbol table at console. 

NR
No symbol table file. 

OC
Output is a COM file. (This is the default.) 

OP
Output is a PRL (page relocatable) file for MP/M.

OR
Output RSP (resident system process) file for MP/M.

OS
Output SPR (system page relocatable) file for MP/M.

Pnnnn
Changes default program origin (0100H) to nnnn.

O
Lists all symbols with leading question mark. 

S
Search filename before the S as a library. 

$Cd
Put console output to d, where d is X (console, default) or Y (printer, LST device) or Z (no output).

$ld
Source of intermediate files, d is drive A thru P, default is the logged drive.

$Ld
Source of Library, d is drive as for $l. $0d Destination of object file. d is drive A thru P, or Z (no object file). Default is same drive as first file in command.

$Sd
Destination of symbol file. As for $0 plus pseudo drive Y (printer).

Some examples will illustrate the uses of the command line and options. 

LINK file1,file2,file3

This takes the three separately combined files, resolves their externalreferences and produces a single executable command file called file1.COM.

LINK filename = file1,file2,file3

This is exactly like the previous example, except that filename.COM is produced, instead of file1.COM.

LINK B:filename[NR]

The option specifies 'no symbol table'. There must be a filename. REL on B, and the linker will produce a filename.COM also on B.

LINK file1 ,file2[S]

The linker will search file2 for the subroutines referenced in file1, and will combine them with file1 to produce an executable command file called file1.COM on the default drive.

8.10 LIB.

The LIB utility will not be defined here, but its purpose is to maintain indexed (type .IRL) or unindexed (type .RED libraries of frequently used routines in special files. (Or just one file.) There are several options and modifiers for the LIB utility, all defined in the appropriate manual. LIB can delete, replace and select modules in a library, and carry out some simple 'librarian-type' tasks. Names of modules and their contents can be listed and displayed.

8.11 Summary.

There are several CP/M compatible assemblers, from the free ones which come with CP/M, and which (with 2.2 and earlier versions) neither re-locates nor has a macro library - but does have a debugger, to PASM from Phoenix which has pretty well everything an assembly programmer needs. The comparative and other details above will act as a memory aid for anyone who needs a quick reference or reminder. Digital Research took a major step forward in the production of MAC and RMAC with version 3.1.

