Introducing control into assembly language

We can use comparison and jump instructions to selectively execute portions of our code.  Recall that instructions are normally executed in order; however we can use special instructions to jump forward over code or we can loop back to previously executed code.  

You will remember from your introduction to programming courses that, in general we can write code to solve any computable problem by using a combination of sequence, iteration and selection structures.  We can develop such structures in assembly by using compare and jump (often called branch) instructions, but first let’s look at how we use jump instructions.  Consider the following code extract:

 MOV  AX,3 
 MOV BX,1

MYLOOP:  INC  BX

 DEC  AX

 JNZ  MYLOOP

 MOV  CX,BX
Notice the new instruction JNZ LOOP.  This instruction will conditionally jump to the line labelled MYLOOP.  Notice the syntax for labelling a line, there is a label called MYLOOP which identifies this line.  References to the label MYLOOP can be made by appropriate instructions at any time either before or after the labelled line.  The JNZ instruction will check whether the result of the previous instruction is not zero; if it is not zero then execution of the program loops back to the line labelled MYLOOP, otherwise execution of the program continues with the next line (in this case MOV CX,BX).
We know each instruction is stored in memory at individual address locations.  In actual fact the label LOOP refers to the address of the INC BX instruction and the operand of the JNZ instruction is actually an offset value which specifies how far forwards or backwards from the JNZ instruction we need to jump.  Remember also that the Instruction Pointer (IP) register stores the address of the next instruction to be executed and it is this register that is updated by the processor at then end of the current fetch-execute cycle.  In our example, the address contained in the I.P register at the end of the JNZ LOOP instruction will either be the address of the MOV CX,BX instruction or the address of the INC BX instruction depending, of course, on whether the result of the previous instruction was zero or not.
How does the processor know whether the result of the previous instruction was zero or not?  The answer is the processor remembers several facts about the last instruction executed and stores these facts in a special register called a flag register.  These flags are called status flags.  Other flags exist which store information regarding other aspects of the processors operation – we’ll discuss those later.
A flag is a Boolean value set to either zero or one.  The processor maintains the state of each flag, updating them at the end of each instruction.  The later, more modern versions of the 80x86 processors has many flags, however we will concentrate on those common to earlier processors and those which are useful to us now.  Here they are:

	Zero Flag (ZF)
	Set to 1 (TRUE) if the result of the previous instruction was zero.

	Carry Flag (CF)
	Set 1if the result of an arithmetic operation caused the MSB of a word to produce a carry.

	Parity Flag (PF)
	Set to 1if the number of 1 bits in the result of an operation is even.

	Auxiliary Flag (AF)
	Set to 1 if a carry occurred between bits 3 and 4 of the result – used when dealing with BCD.

	Sign Flag (SF)
	Set to same value as high order bit of the result, i.e. 1 if negative.

	Overflow Flag (OF)
	Set to 1 if signed (two’s complement) values overflowed or underflowed their field size. 


Some instructions affect all these flags, others some, others none. You should check the instruction in the user manual or suitable text before you use a particular instruction.
Jump and Compare Instructions
The following table lists some common jumping and comparing instructions.  There are many more than these which can jump conditionally depending upon the result of signed and unsigned comparisons as well as upon the state of other flags, however we can demonstrate many looping structures and decisions with just these.  We will introduce more jumping and comparison instructions as we need them.
	JZ LABEL


	This jumps to address LABEL if the zero flag is set (ZF = 1).

	JMP LABEL
	Always jumps to address LABEL

	JNZ LABEL
	This jumps to address LABEL if the zero flag is not set (ZF = 0).

	JE LABEL
	Jump if equal (ZF = 1).

	JNE LABEL
	Jump if not equal (ZF = 0).

	CMP op1, op2
	Compare op1 with op2 and sets zero flag if they are the same (actually it subtracts op2 from op1 but doesn’t store the result- it just sets the zero flag accordingly).

	JGE LABEL
	This jumps to LABEL if the result is greater than or equal to zero.

	JG LABEL
	This jumps to LABEL if the result is greater than zero.


