Debug
We are going to have a look at the debug feature. Most of what defines our assembly language programs lies in the use of registers. Machine instructions act on registers, registers define the amount of memory that is addressed and what is read from or placed there.
The DOS debug facility gives us a handy look into the hidden world of the CPUs registers. (How does it do this? err magic).  Debug will only work in real mode; if you want to debug a protected mode program you do it in the console application.

Debug doesn’t even require you load a program into it before you use it, you can look at the CPU’s registers by typing R or r. help is accessed by typing ?, this will list the command available to you.
So lets look at the registers.

Open a DOS window type debug at the prompt you will then see
-

type r at the little line

-r

you should see something like:
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Probably not exactly the same but similar, all depending on what version of DOS, what is in memory, etc. 
The bit that will not change is each register has its own space in the display and the value in it is represented to the right of an = sign.
The characters that you can see “NV, UP, EI, PL, NZ, NA, PO, NC” are a summary of the current of the flags in the flags register.
CS=0AFB is the first available memory space above DOS, where that segment falls is dependent of what else is in memory.
The preceding display is showing no program loaded, all GPR are set to 0, and all segment registers are set to 0AFB, these are the default conditions set up by the CPU when no program is loaded. 

Changing a registers value can be done by using the debugs R command 

To change the value in AX

-R AX

AX: 0000

:0A7B

Notice the way you get no confirmation of this change. To see your new value type r at the prompt. Spend a while changing random values see if you can break anything.
Remember we said that the IP register cant be changed? well try changing it.

Ok lets mess about a bit see if we can get memory addressing to sink in. 

An easy thing to do is look at a PC video adapter’s text screen refresh buffer. The video buffer is a region of memory with a bit of a difference. Any thing written to the buffer is instantly displayed onto the screen. 
(the text mode display buffer is the screen you see when running DOS (DOS Window), it contains simple text characters typically a matrix 25 high and 80 wide).

As with any memory location the video buffer has a segment address. Colour screens are at 0B800H
To display a character in ASCII we need two bytes, the first byte is the character and the second is its attributes (colour, case, etc).
Ok when we have done this and we will in a sec, we will see lots of Hex values and [B800:0000]; see if you can work out what you are seeing, why is there values that show no text at all?
Answers on a postcard.
Ok so how do we see this?

1 Clear the screen by entering CLS at the dos prompt.

2 Invoke DEBUG

3 Enter segment address 0B800 of buffer into ES register. Through r command.
i. R ES

ii. ES 0AFB 
iii. : B800  (you need to loose the leading zero for debug but NASM needs it)
4 now dump the first 128 bytes into the window

i. D ES:0

5 You will see something similar to below.
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6 to dump further into the buffer enter D.

ROM

You can actually look at your revision data of your BIOS. All bios has a date stamp on it, indicating the data when it was declared finished by its clever programmers. This date is always stored in the same place, and we can look at this using debugs D command.
· d ffff:0005

look at the addressing range only the first line exists. Addresses from 0FFFF:0010 to 0FFFF:0FFFF would require more than a 20 bit address. Depending on the DOS we get either  loads of zeros or we get wrapped around to the bottom of memory.

Ok so we have looked at some data locations, but we must remember memory contains instructions also. A reasonable instruction to look at is provided by BIOS. The instruction is located at address 0FFFF:0
Do this:

· r cs

cs 1980

:ffff

· r ip

ip 0100

:0

-r
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Look at the third line down we see: 
FFFF:0000    EA5BE000F0       JMP     F000:E05B
The five bytes EA5BE000F0, make up the machine instruction we are looking for. Trying to remember what that is would be a pain in the rear, so Debug happily translates that for us. This is a procedure known as unassembly or disassembly. 

JMP F000:E05B
So what are we doing? Well this is telling the CPU to jump to the address F000:E05B and begin executing the code that’s in that position in memory. 
All IBM-compatible PCs have jump instruction at 0FFFF:0, the address of that jump will differ from PC to PC. But they will always begin with 0EAH, this specifies jump, the remainder specifies where to.
Debug has an instruction G that specifies go, this will start execution of what ever instruction is at CS:IP.  So enter G to see where our jump takes us.
Well if we were running DOS we would have gone into cold boot.

Why well the CPU has to start somewhere, so when you push your on button, the CPU loads CS with 0FFFFH and 0 in IP. As we are running a DOS window in protected mode, we are protected from these little accidents that can happen.

If you want to try something try EMM386 from DOS (probably not much will happen, but if it is installed we shut down memory support). The program allows MS-DOS access to memory above 640KB.
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