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2.1 – The move instruction

2.1 The Move Instruction

One of the main operations that a computer performs is moving data around from location to location whether it is a register or a memory location.

To perform this operation AsmTutor provides the MOVE XE "MOVE instruction"  instruction. This serves the operation of moving (copying) a value from one location (its source) into another, its destination.

The MOVE XE "MOVE instruction"  instruction takes the form: MOVE  <source>,<destination> 

Address modes (explained below) play an important part on how the MOVE XE "MOVE instruction"  instruction works. 

Try entering and running both of the following examples in AsmTutor. Single step through both and watch register R0 to see what changes:
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Notice the subtle difference between what the instructions do. Each executes a MOVE operation but each works with a different address modes.

MOVE XE "MOVE instruction"  Summary

For the table below, the following mnemonics are used:

· <ea>
Effective Address.

· <num>
A numerical value.

· Rn

General data register n.

	Instruction
	Description
	Address modes

	MOVE XE "MOVE instruction" 
	Move (copy) a value from one location to another.

If one of the specified registers is the SR, then the SR flags will remain unchanged after the move operation. Otherwise, after the operation if the destination value is either negative or zero then the appropriate SR flags will be set and the overflow and carry flags will be cleared.
	· #<num>,Rn – move the specified value into register Rn.

· #<num>,<ea> - move the specified value into the specified memory location.

· Rn,Rn – move the value from the first to the second register.

· Rn,<ea> - move the value from the register into the specified address.

· <ea>,Rn – move the value from the specified location into register Rn.

· <num>(Rm),Rn – move the value from the address stored in Rm offset by <num> into data register Rn.

· <num>(Rm),<ea> – move the value from the address stored in Rm offset by <num> into the address <ea>.

·  (Rm),Rn – move the value from the address stored in Rm into Rn.

· (Rm),<ea> – move the value from the address stored in Rm into the address <ea>.

· Rn,<num>(Rm) – move the value from register Rn and store at the address stored in Rm offset by <num>.

· <ea>, <num>(Rm) – move the value from the address <ea> and store it at the address stored in Rm offset by <num>.

· Rn,(Rm) – moves the value from register Rn and store it at the address stored in Rm.

· <ea>,(Rm) – move the value from the address <ea> and store it at the address held in Rm.

· Rm(Rn),<ea> - move the value from the address stored in Rn offset by the value in Rm into the address specified by <ea>.

· <ea>,Rm(Rn) - move the value from the address specified by <ea> and store it at the address held in Rn offset by the value in Rm.


2.2 – Number Formats

It is handy to be able to represent numbers and values in a variety of different formats. AsmTutor handles and supports 4 different value types. Up to this point you should have already encountered two of these – namely characters and decimal values. AsmTutor allows the use of decimal, binary (precede the value with %), hexadecimal (precede the value with $) or character (surround the character with ‘ and ’ ). Characters use the ASCII system as detailed in Appendix C. Using $64 (hexadecimal), 100 (decimal), %1100100 (binary) or ‘d’ (character) will all produce the same thing in AsmTutor. The ability to use these number formats will help a great deal when writing programs. No longer will you need to use things like MOVE #101,5 to display a character ‘e’ - you can just use something like MOVE #’e’,5. In your programs you should use whatever is the easiest representation to read and understand.

2.3 – Address modes

As mentioned above, the address mode of an instruction can greatly affect how it operates. The following is a list of the addressing modes that AsmTutor supports. It features a description and examples. As not all of the address modes are relevant to the move instruction, some of the instructions in the examples will not have been met, yet.

Immediate XE "Immediate Addressing" 
This is where the operand field contains the data for the operation instead of an address. 

E.g.

MOVE XE "MOVE instruction" 
#10,R0


move the value 10 into register R0.

MOVE XE "MOVE instruction" 
#10,105

move the value 10 into memory location 105.

Direct XE "Direct Addressing" /Absolute.

This is where the operand contains the address that should be used. 

Most instructions use the data held at the address, however some instructions such as flow control operations use the address directly.

 E.g.

MOVE XE "MOVE instruction" 
100,R0


move the value held at location 100 into R0.

JMP XE "JMP instruction" 
100


jump to location 100

Indirect XE "Indirect Addressing" .

This is when the operand references a memory location / register that in turn holds the address that should be used. 

Like direct addressing, this can work in two ways. Normally, instructions use the value that is held at the address that the operand refers to. Other instructions such as flow control operations tend to use the address that is referenced in the operand.

E.g.

MOVE XE "MOVE instruction" 
(R0),R1

move the value from the address held in R0, into R1.

MOVE XE "MOVE instruction" 
R1,(R0)

move the value held in R1, and store it at the address held in R0

JSR XE "JSR instruction"  
(R0)


jump to the subroutine at the address held in R0.

Indexed XE "Indexed Addressing" .

This is similar to indirect except it also contains an index register whose contents are added to the address in the operand (the base address) in order to determine the address that should be used. 

E.g.

MOVE XE "MOVE instruction"  R1(R0),105

move the value from the address held in R0 offset by the value




held in
R1,and
store it at location 105.

MOVE XE "MOVE instruction" 
105, R1(R0),105
move the value from location 105 and store it at the address held




in R0 offset by the value held in R1.

JSR XE "JSR instruction" 
R1(R0)


 jump to the subroutine at the address held in R0, offset by the




number of locations held in R1.

Base Register.

This is similar to indexed addressing except in this instance, the base address is held in a register (the base register) and the effective address is formed be adding the contents of a base register to a fixed value, the offset. 

E.g.

MOVE XE "MOVE instruction" 
100(R0),R2

move the value from the location held in R0 offset by 100





locations, into 
register R2.

MOVE XE "MOVE instruction" 
100(R0),105

move the value from the location held in R0 offset by 100





locations, into
location 105.

JSR XE "JSR instruction" 
100(R0)

jump to the subroutine at the address held in R0, offset by the 100




locations.

Relative XE "Relative Addressing." .

This is similar to base register addressing. The only real difference is that this is normally relative to the program counter and hence is normally only used for jump or branch instructions. Using instructions of this format allows the use of re-locatable code. This is where none of the instructions refer to specific addresses but rather addresses as offsets from the current one (current PC).

E.g.

JSR XE "JSR instruction" 
100(PC)

jump to the subroutine 100 locations on from the current PC.

MOVE
5(PC),R0

move the value from the address 5 locations on from the current




PC into register R0.

Register 

This is similar to direct except that the address fields refer to registers rather than memory addresses.

E.g.

MOVE XE "MOVE instruction" 
R0,R1


move the value in register R0 into register R1.

MOVE XE "MOVE instruction" 
R0,100


move the value in register R0 into memory location 100.

NOT
R0


logical NOT the value held in register R0

2.4 – Memory Mapped Output

If you followed the tutorial in chapter 1 then you will already know what memory mapped output is.

Memory mapped output is a commonly used concept where a value in memory maps directly to an output device. An example of memory mapped output is that of screen displays on modern computers. Writing a value to a specific memory location will produce a dot (pixel) of a specific colour on the screen.

AsmTutor provides a memory mapped output display. To view it, select ‘Mapped Memory XE "Mapped Memory"  Window’ from the view menu. It contains 10 locations that you can set by writing ASCII (standard character) values to memory locations 5 to 14. Writing a value to one of these locations will cause the corresponding value to be displayed in the memory mapped window.
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The memory mapped output display.

Example – Address Modes XE "Address Modes"  & Mapped Memory XE "Mapped Memory" 
The following example demonstrates some of the address modes as well as memory-mapped output.

Enter the program, display the Mapped Memory XE "Mapped Memory"  window and then single step through the program watching how the different address modes work. Notice how writing a value to a location between 5 and 14 causes both the memory location as well as the corresponding mapped memory display to be updated.

· This example can be found in the examples folder as Chapter2\Address.asm
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3 – Flow Control

What this chapter covers

1. Jump instructions.

2. The Stack XE "Stack" .

3. Subroutines XE "Subroutines" .

4. The Status Register.

5. Conditional branching.

6. System subroutines and input/output.

Chapter Objectives

By the end of this chapter, you should be able to:

· Understand how the JMP XE "JMP instruction"  instruction works.

· Understand subroutines and the JSR XE "JSR instruction"  and RTS XE "RTS instruction"  instructions.

· Understand what the stack is and how it works. 

· Understand conditional branches and the Bxx instruction.

· Be able to write programs which obtain numbers and text as input

· Be able to write programs that output numbers and text.

3.1 – Jump instructions

Flow control is an important part of any program. Flow control lets you write a program that is not sequential in nature, but allows you to have loops and jump around.

The simplest flow control instruction in AsmTutor is JMP XE "JMP instruction" , which stands for Jump. When called, it sets the current program counter to the value specified by its operand. This causes the program to branch to the address specified by the value.

Example - Branching

Enter and run the following program. It sets up a loop that reads the keyboard buffer and outputs the value that is in it to the mapped memory area. To see the program work, you will need to open both the keyboard and mapped memory windows then click on some of the buttons in the keyboard window. You will see that the program keeps looping and you will need to press stop to halt it.

· This example can be found in the examples folder as Chapter3\IOLoop.asm
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JMP XE "JMP instruction"  Summary

For the table below, the following mnemonics are used:

· <ea>
Effective Address.

· <num>
A numerical value.

· Rn

General data register n.

	Instruction
	Description
	Address modes

	JMP XE "JMP instruction" 
	Jump to a specific address.

The result of this instruction doesn’t affect any of the status register flags.
	· <ea> - Jump to the specified address.

· (Rn) – Jump to the address held in Rn.

· <num>(Rn) – Jump to the address <num> locations from the address in Rn.


3.2 – The Stack XE "Stack" 
The stack is an area of memory that in AsmTutor occupies addresses 15 to 85. It is commonly used for storing temporary values and also the return addresses from subroutines (see section 3.3). A stack works in a last in, first out fashion (LIFO) as the last (most recent) item placed on the stack is the first (next) to be removed. If you think of it like a stack of dirty plates, those on the top are the ones most recently added and will also be the first removed for washing.

We have a register called a stack pointer (SP) which points to the top of the stack. The stack pointer points to the last (newest) item that was added to the stack. When we add an item to the stack, we first increment the stack pointer and then when an item is removed, the stack pointer is decremented after removal of the item.

In AsmTutor, when you are in the run screen, you can see the value of the stack pointer displayed in the register bar at the top. In the main program display area the address pointed to by the stack pointer is hi-lighted in yellow.

3.3 – Subroutines XE "Subroutines" 
A subroutine is like a small program that performs a set task. If, for example, you have a program that uses the same block of code over and over again, you could make the code into a subroutine and then call it. Taking this approach enables a block of code to be called many times from different places in the main program without having to include multiple copies of the code. This saves the programmer work and uses less memory.

To call a subroutine, you use the JSR XE "JSR instruction"  instruction, which stands for jump to subroutine. At the end of the subroutine, you use the RTS XE "RTS instruction"  instruction, which returns control from the subroutine to the address JSR instruction from which the subroutine was called.

You have already seen the RTS XE "RTS instruction"  instruction, as you need to insert it at the end of every program you write. This is because AsmTutor calls your program as a subroutine. When your program returns at the end, AsmTutor regains control, in a similar manner to when you call your own subroutines.

The JSR XE "JSR instruction"  and RTS XE "RTS instruction"  instructions make extensive use of the stack. When you use JSR, it puts the return address (the address following the JSR instruction) onto the top of the stack. When the RTS instruction is executed, it gets the return address by taking a value off the top of the stack.

Example – Subroutines XE "Subroutines" 
Enter and run the program on the following page. It features a simple subroutine that swaps the values in R0 and R1 and returns. 

· This example can be found in the examples folder as Chapter3\SwapSub.asm
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JSR XE "JSR instruction"  and RTS XE "RTS instruction"  Summary

For the table below, the following mnemonics are used:

· <ea>
Effective Address.

· <num>
A numerical value.

· Rn

General data register n.

	Instruction
	Description
	Address modes

	JSR XE "JSR instruction" 
	Jump to a subroutine, push the return address onto the stack.

The result of this instruction doesn’t affect any of the status register flags.
	· <ea> - Jump to the specified address.

· (Rn) – Jump to the address held in Rn.

· <num>(Rn) – Jump to the address <num> locations from the address in Rn.

	RTS XE "RTS instruction" 
	Return from a subroutine, Pop the top value from the stack and make this the new program counter.

The result of this instruction doesn’t affect any of the status register flags.
	None


3.4 –The status register

The status register holds flags to indicate the state that the computer is in (condition codes). These flags inform you whether the last operation involved a zero value, a negative value, produced an overflow, or produced a carry. The status register also includes a flag for masking interrupts (enabling/disabling interrupts). You may have noticed some of the programs so far have affected the value held in the status register.

The status register holds the flags in the following positions.

	Bit position
	Flag

	0
	Negative

	1
	Zero

	2
	Overflow

	3
	Carry

	4
	Interrupt Mask


Example – Status Register

Enter and single step through the following program, you will notice that the status register contents change to reflect what is going on. When the instruction at address 100 is executed, a zero value is stored in register R0. Notice that the zero flag is set. When the instruction at address 101 is executed, a negative value (most significant bit set) is moved into R1 at address 101, and the negative flag is set.

· This example can be found in the examples folder as Chapter3\Status.asm
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