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.  

DUMP, LOAD, DDT and SID

Summary.

DUMP allows you to see the contents of a file or program which is on disc.

LOAD or, for (CP/M 3) HEXCOM, converts the hex results of ASM or MAC assembly into a binary COM version, ready to run.

DDT is the programmer’s main tool for testing, modifying and generally performing 'hands-on' program development at the assembler level in versions of CP/M up to and including 2.2. SID is the CP/M version 3.1 equivalent of DDT.

7.1 DUMP

DUMP is a program (or a transient command if you prefer) which will take any named file, and display the contents on the monitor. So DUMP allows you to inspect any file/program on the screen. The layout of the 'hex' display is illustrated below.

0000 21 00 00 39 22 15 02 31 57 02 CD C1 01 FE FF C2 

0010 1B 01 11 F3 01 CD 9C 01 C3 51 01 3E 80 32 13 02 

0020 21 00 00 E5 etc.

The four digits on the left are a byte count - the number of the first byte on that line, numbering from zero at the beginning of the file. The counting is also done in 'hex', so the rows are numbered — 0080 0090 00A0 00B0 etc.

Then the contents of the first sixteen bytes are shown in 'hex'. The next row has the next sixteen and so on.

7.2 LOAD and HEXCOM

Versions 1.4 and 2.2 of CP/M use the 'LOAD' transient, version 3.1 uses the HEXCOM transient. They fulfil exactly the same function. We will refer to LOAD, but you could substitute HEXCOM for LOAD in what follows, and it would be perfectly correct.

LOAD is a program which simply converts an assembled file - produced by ASM (see later) which will be in INTEL format HEX, to the COM file in binary which you can run on your machine. The command is –

LOAD filename
The filename may omit the '.typ' because it must be .HEX, and is assumed to be . HEX if you omit it. You use ASM (or MAC etc) first, to produce the HEX file, and then use LOAD to produce the COM file. ASM takes your file called, let us say, YOURFILE and produces YOURFILE.PRN (which is a source listing, with line numbers) and YOURFILE.HEX (which is in INTEL format). To create the 'runnable' program, you enter –

LOAD YOURFILE

and YOURFILE.COM is produced. If a drive is specified, the .COM file is produced on the same drive as the .HEX version.

7.3 DDT

This is the 'assembler level' programmer's monitor in versions up to and including 2.2. It is absolutely essential, contains all kinds of useful facilities, and looks pretty incomprehensible in the manuals, until you realise what it is actually for. SID is the version 3.1 equivalent of DDT. 

If you write a program in Assembler Language, (we will call it 'asm' from now on) then you have your source program - the asm code that you write - and you have to use ASM to "assemble" the object code which is in 'hex'. Fine -but it is a little confusing that you cannot run your asm program, and you may not find it easy to read your assembled program in hex, either.

So the DDT program sits in the memory of the machine, and allows you to load your hex program, and then run it, alter it in hex or asm. display it either in hex (like DUMP) or in dis-assembled form (back to the original asm code) and also inspect the contents of registers (like the counter which contains the address of the next instruction to be obeyed).

However - although you can 'patch' your program in hex or asm. and save it as a COM program, to continue testing - you still have to go back to your original asm, and alter that. DDT allows you to alter the object code - but you still have to actually modify the asm yourself and then re-assemble with ASM.

Invoking DDT

DDT stands for the Dynamic Debugging Tool. You load it into memory using the command –

A> DDT

and after announcing itself, the DDT prompt (which is a '-', the hyphen or minus sign) will appear on the screen.

Alternatively, you can give DDT a filename for the program which you want to load, at the same time as invoking it, thus –

A> DDT FRED.HEX

A> DDT FRED.COM

In the first case, the .HEX file will be converted to binary, and in the second, the program will simply be brought into the transient program area as it is.

In either of these cases, the screen would show the announcement of DDT, followed by two lines of information, like this –

64k DDT ver 2.0 NEXT PC 0120 0100

The number (in hex) under NEXT is the next byte location after the end of the loaded program - the first unused location, in other words. The number shown under PC is the current value of the Program Counter - the address at which the program would start execution if you entered a G (goto) command.

Invoking DDT alone, with no file, suppresses those two items of information. So a sample display could actually show this –

A>DDT DDT ver 2.2

with the cursor sitting immediately after the DDT prompt, the hyphen.

Now to load a program (a file, presumably ending in .HEXor.COM) you first put the name of your program into the 'file control block' with the I command, and then read it into memory with the R command. The equivalent to the command DDT FRED.HEX above would be –

A>DDT DDT ver 2.2

-IFRED.HEX

-R

There are twelve commands which you can use in DDT, and we will cover them in order in a moment. But having mentioned 'display' a few paragraphs back, we will say now that the command for this is D. The 'dump' (D) starts at the current address - or can be given an address - and dumps 256 bytes to the screen. The format is similar to what we showed for DUMP, and also contains sixteen ASCII characters which repeat the content of the sixteen bytes displayed in hex, as if they were ASCII. Where a non-ASCII (or at least, a non-graphic) code is encountered, the D command puts a decimal point in the display. To start from the beginning of the file, which is now in the memory, we need not give D any 'start address' - but if we wanted to, we could say (knowing that the file is in memory starting at 0100H (that is the 257th byte))

-D0100 

and the response might be -

Hex                               



ASCII 
0100 
21 00 00 39 22 15 02 31 57 02 CD C1 01 FE FF C2!..9"..W ....... 
0110 
1B 01 11 F3 01 CD 9C 01 C3 51 01 3E 80 32 13 02........Q.> .2.. 
etc

Not very meaningful at this point in the program we have dumped, but lower down, we come across this line -

0200 4C 45 20 50 52 45 53 45 4E 54 20 4F 4E 20 44 49 LE PRESENT ON Dl

which as you can see contains printable characters - and is one of the screen displays - or part of one - used by that program. The 20 character (that is 20 H, in hex) is often a useful one to recognise, even in a DUMP, because it is the 'space' character.

The full list of DDT command characters is

A    Assemble - enter assembler code 

D    Dump - display the contents of memory in hex and ASCII 

F    Fill - put a specified constant in memory from/to address 

G    Goto - Start program execution from address 

H    Hex - display hex

I    Input - input the FCB for an R command 

L    List - list the dis-assembled contents of memory from/to 

M    Move - move a block from/to addresses to a new address 

R    Read - read the file specified by I command into memory 

S    Substitute - put new content instead of existing at address

T    Trace - execute instructions) with register list at each 

U    Untrace - execute instructions with register list after last 

X    examine - examine or alter registers (all, or specified)

If you get the ? response, it means that DDT cannot obey your command. Likely reasons could be - command incorrect or unknown - file cannot be opened - checksum error found in Hex file - assembler or disassembler has been overlayed and is not therefore accessible.

Several of the DDT commands can be used alone (but not A, F or I) or with parameters, so the full details of each follow here.

A command.

A < start-address> Accept assembler code from the keyboard starting at the hex address specified. The DDT system displays each line number (in hex) ready to accept entries, and if you enter an empty line (just a 'Return'), that exits from the A command, without affecting the previous contents of that address. Notice that you are not prevented from over-writing the actual assembler/dis-assembler, and if you should happen to do this (large programs or small memories !), then you will get the ? response, as noted above. Line editing works in the usual CP/M way. Note that the address is specified in hex, but does not have the H after it, as we use in these notes. 03 FO is correct, not 03FOH.

D command.

D Dump from the current address register location to the monitor, in hex and ASCII, for 16 lines. Immediately after R (reading) a file, thiswil) bethefirst256 bytes of the file. A second D command displays the next 256 bytes, and so on. If the address register does not contain a multiple of 16, (10H)thenthe first line will be shortened to make all succeeding lines match the normal 16 byte boundaries.

D < start-ad(f> Dump 16 lines as above, starting from the specified start address, which is in hex, but is simply entered as the number - eg 01 FO is correct, not OIFOH.

F command.

F< start-add> ,< end-add> ,< constant> Fill both the start-address and the end-address specified, and all the bytes between, with the hex constant specified. The constant must be a 'byte' - that is two hex characters - eg 20 would fill with ASCII spaces, FF would set all 'bits' to 1. Note that the from/to is inclusive, which is not very common. Therefore F0160,0170,20 actually fills 17 bytes with spaces. To fill sixteen, use F0160,016F,20.

G command.

G Start program execution from the address currently in the program counter. This form of the command hands control over to your program, and you can only get it back into DDT if you either have a 'breakpoint' (Assembler language RST 07) in your program (see below) or if you press 'Rubout' or 'Delete'.

G< start-add> This is the simple extension to G - the specified 'start-address' is placed in the program counter, and the program then executes from there.

G,< break1> The comma shows that this is a command to start from the address currently in the program counter, and 'break1' is the address at which you want to stop and return to DDT if that instruction is reached. (If the program counter ever equals 'break1', the G command stops and the '-' prompt re-appears.)

< start-add> ,< break1> ,< break2> You may specify a maximum of two breakpoints in the command, and a start address as well, if you wish. There may be many other break points actually in the code (asm RST 07), any of which will interrupt the run, but you can specify a maximum of two additional ones in the G command. The run stops and command is returned to DDT if either of the specified breakpoint addresses is found in the program counter.

G0 This is G (goto) 0 (zero) - in other words, it is a 'warm boot', returning to the first location in memory, which is the start of the CP/M loader. Very useful to get you out of DDT and back to CP/M, but without changing the contents of memory. If you have a 'patched' program in there, it is still there ready to 'SAVE' after the GO command.

H command. H a,b Hex Arithmetic. 

Display a + b and a-b in hex.

I command.

/ < filename> Input to the File Control Block at 005C the filename given, ready for an R (read) command (see below).

L command.

L List in asm (after dis-assembly) the next 12 lines of the program starting at the current position of the Program Counter (PC).

L< start-add> Dis-assemble and display the 12 lines starting at the given address (and including that address).

L< start-add> ,< end-add> Dis-assemble and display from start-add to end-add, both addresses included.

M command.

M< old-add> ,< end-add> ,< new-add> Move the block of program currently in memory, which starts at old-add and ends at end-add, to the storage locations in memory starting with new-add. The addresses given are inclusive (what was at end-add moves). This is the only form of the M command.

R command.

R Read the file identified in the FCB at 005C (put there by the I command) into the memory, starting at location 0100 (hex). After this command has been obeyed, the NEXT and PC values will be displayed, with, as mentioned above, the value under the word NEXT showing the first unused location, and the value under PC showing the 'current address' stored in the program counter. Usually this will say 0100, if the R command has been given no parameters.


R <offset> Read the file into memory starting 'offset' bytes on from 0100. This would allow you to load a part program into unused memory space, higher (numerically) than a part program previously loaded by an R command without parameters. Clearly the NEXT and PC values would be appropriate to the size of the program and the size of the offset. Offset is, of course, stated as a number of bytes, in hex.

S command.

S< start-add> Substitute the value entered at the keyboard, in hex, for the value currently held in the location 'start-add'. After accepting the value (indicated by 'Return'), you are offered the next byte location in ascending sequence, and so on. After typing the command, the byte location and content are displayed, and the cursor stays on the same line, expecting input. If the 'Return' key is pressed (no input), then the byte is unaltered. This makes the S command a 'Substitute or Inspect' facility. If a '.' (period) is entered (followed by 'Return'), control returns to DDT, without affecting the byte then displayed. The display is simply one byte with the address and value shown in hex, thus

0110 1B and if you press return, you get the next, like this

0111 01 and so on until you enter the period (.) and press Return. Pressing two keys (any numbers or A thru' F) stacks the two hex characters into the byte.

T command.

T Execute a single instruction, at the location given by the current value of the Program Counter (PC), and display the contents of the registers after the instruction has been obeyed. See the X command below for the type of display obtained.

Tn Execute 'n' instructions, as above, displaying the register contents after each. (‘n' defaults to 1). See the X command below for the register display.

X command.

X Display the contents of various 'flags' and registers. There are five 'flags', which may have values 0 or 1 only, and six registers.

Flags

C is the carry flag 
Z is the zero flag 
M is the minus flag 
E is the even parity flag 
I is the inter-digit carry flag.

Registers

A is the accumulator (arithmetic) and is 2 hex digits 
B is the BC register pair, four hex digits 
D is the DE register pair, four hex digits 
H is the H L register pair, four hex digits 
S is the stack pointer, again four hex digits 
P is the program counter, also four hex digits.

In the full display, shown below, the contents of the location in P (program counter) are shown dis-assembled, and follow the counter value. In this example, all the flags are zero (the flag name is followed by the value) A, B, D and H are zero, the stack pointer and program counter are showing the start of program, and the instruction at that location is a JUMP to location 0107 (in hex, of course).

Example of display after entering the X command –

-X

C0Z0M0E0I0 A=00 B=0000 D=0000 H=0000 S=0100 P=0100 JMP0107

X< r> Each of the flags and registers can be examined individually, and if required, altered, by following the X with the letter denoting that flag or register, from the list above. As for the S (substitute) command above, the current value is shown, and the cursor is positioned after it. If a valid value is entered (and then Return is pressed), the flag or register will be altered accordingly. If Return only is pressed, the value is unaltered.

7.3.1 An Informative Illustration.

The best way to understand the use of the various DDT commands is to follow an actual run of DDT. The DDT Users Guide which is provided with versions 1.4 and 2.2 of CP/M has a most informative illustration, starting on page 12 of the guide, and finishing on page 19. Pages 10 and 11 also show the process of 'assembling' a program, as you will see, and page 18 shows the use of ED (Chapter 8) to alter the source code before re-assembling.

