Introduction to Instructions:

Each executable instruction of a microprocessor is represented using binary digits.  However, remembering the binary number for a particular instruction is difficult so we tend to use a mnemonic, or abbreviation that makes reading and writing assembly language instructions easier. The instruction consists of a single word (usually a shorthand form of the operation to be performed) representing the operation to be carried out together with zero, one, two or more operands (the data to be acted on). In general the number of operands required depends upon the instruction, for example the MOV instruction requires two operands.

Moving Data between Registers

We move information between registers using MOV instruction.  Its syntax is:



MOV destination , source  

For example, to copy data from register BX to register AX we use the following syntax:



MOV AX, BX

Note that the contents of the source register, BX in this case, are not erased (though, of course the previous contents of AX are lost.

Other examples might be:



MOV EAX, EBX



MOV EAX, EAX

The MOV instruction can also be used to move specific data into the registers.  For example:



MOV AX, 10

This loads AX with the decimal number 10.

MOV BX,0000000000101010B

This places the binary number 0000000000101010 into BX – note the B appended to the end of the number.



MOV CX,2AH

This loads CX with the hexadecimal number 2A – this time note the H appended to the end of number.

Adding one or Subtracting one

Incrementing or decrementing a value is very common practice in computing, so it is not surpriaing that nmost processors have an instruction designed to do just this. We can add one to a register by using the INC instruction and subtract one by using the DEC instruction. For example:



INC AX



DEC BX

which increments AX and decrements BX.

Multiplication

When we multiply two numbers there is a good chance the amount of space required to store the result will be bigger than either of the operands.  For example, 1111B multiplied by 1111B =  1110 0001B. Notice that twice the number of digits are required to represent the result. This makes multiplication a little more complicated.  The 80x86 processors dealt with this as follows:

The instruction 



MUL BX

Multiplies the contents of BX by the contents of AX and the result in stored between DX and AX.  The result can be up to 32 bits with the high 16 bits stored in DX and the low 16 bits in AX.  If  32 bit words (double words) are used as the source operand, in other words, you are using the EBX, etc. registers, then the other operand is assumed to be stored in  EAX and the result is stored in the same way as previously described, that is the upper double word of the result is stored in EDX and the lower double word in EAX.

We can now put what we’ve learned  together to  write some assembly language code.  Consider the sum  12-14+33.  The following assembly language code will perform this calculation, leaving the answer in AX.

MOVE AX,12



SUB AX, 14



ADD AX, 33

And this will calculate 12 x (5 – 3) and leave the result in DX and AX.



MOVE BX,5



SUB BX, 3



MUL BX

Try these examples using the C++ in line assembler.  Once you are confident you can use the debugger to single step through the code and examine the contents of the registers, try the following exercises.

Ex1.
Write an assembly language program that will perform the following arithmetic:

32 + 9*40

Ex2. 
Write an assembly language program that will perform the following arithmetic: (255 – 40) * (7-5)

Ex3.  For the following assembly code predict the contents of AX, BX and DX after each instruction has been executed.  The first line has been completed for you.  The question mark indicates that a register’s contents are unknown and cannot be predicted.

Check your answers by entering the program using the inline assembler and single stepping through the code.

	Instruction
	AX
	BX
	DX

	MOV BX,EAX
	?
	0000000011101010
	?

	SUB BX,14
	?
	
	?

	MOV AX,215H
	
	
	?

	MUL BX
	
	
	


Extended, High and  Low register components

We are aware that the general purpose registers can be split into subsets with each subpart being considered as a separate register.  For example:

AL refers to the lower byte of EAX.

AH refers to the next most significant byte of EAX.

AX refers to the lower 16 bit word of EAX.

EAX refers to the whole 32 bit register.

Similarly we can refer to subsections of BX, CX and DX.

To illustrate how AL and AH can be thought of as independent, byte sized registers, look at the following code:

MOV AH,31


MOV BL,6


ADD AH,BL

Puts 37 into register AH.  

Note:  We cannot mix the 8 bit registers with 16 bit registers, i.e. instructions like MOVE AX,BL are not allowed. Instructions should be all 8 bit or all 16 bit, etc.

Using MUL with 8 bit registers is slightly different to the way we used it for 16 and 32 bit operands. The result of multiplying two 8 bit numbers is stored in AX.

MUL BH

multiplies  the contents of register BH with that of AL and stores the result in register AX.

Ambiguity.

You may have noticed that AH refers to the upper byte of register AX and yet it can also refer to the hexadecimal number AH.  To overcome possible ambiguity we place a zero in front of an hexadecimal number when it begins with a letter, for example AH is written 0AH.

Operands, Addresses and Memory.

Until now we have dealt exclusively with immediate data and registers.  Usually a processor needs to access data held in memory or write new data to memory.  We can move data from memory by using a slightly modified syntax as follows:

MOV AL, [5DH]

This instruction moves a byte from memory location 5AH into the least significant byte of the accumulator AX.  A 16 bit word can be moved into AX as follows

MOV AX, [5AH]

Results in the 16 bit data held in 5AH and 5BH to be stored AX (i.e. AL and AH respectively).  The following diagram illustrates this:

