Arrays and Indexing.

The 8086 processors offered 17 ways to address memory.  The IA32 generalised the memory addressing modes by allowing us to use almost any register as a base or index register and introduced a new addressing mode that simplified access to array elements.  Different texts use slightly different terms to refer to addressing modes, but whatever terms we use the addressing modes fall into the following categories of addressing modes:

1. register

2. immediate

3. direct

4. register indirect

5. based relative

6. indexed relative

7. based indexed relative

 

1 Register Addressing Mode



The register addressing mode involved the use of registers to hold the data to be manipulated. Memory is not accessed when this addressing mode is executed; therefore, it is relatively fast. Examples of register addressing mode follow:

MOV BX, DX    ; copy contents of register BX into register DX

MOV ES, AX    ; copy contents of register AX into segment register ES

MOV EDX, ESI    ;copy contents of register ESI into register EDX

 

2 Immediate Addressing Mode



In the immediate addressing mode, the source operand is a constant. In immediate addressing mode, as the name implies, when the instruction is assembled, the operand comes immediately after the opcode. For this reason, this addressing mode executes quickly. However, in programming it has limited use. Immediate addressing mode can be used to load information into any of the registers except the segment registers and the flag register. Examples:

MOV AX, 2550h    ; move value 2550h into the AX register

MOV ESI, 12345678h    ; move value 12345678h into the ESI register

MOV BL, 40h    ; move value 40h into the BL register

To move information to the segment registers, the data must first be moved to a general-purpose register and then into the segment registers. Example:

real-address mode:

MOV AX, 2550h    ;AX contains the segment address

MOV DS, AX    ; load the DS segment register with AX

protected mode:

MOV AX, 08h    ; AX contains the segment selector

MOV DS, AX    ; load the DS segment register with AX

 

3 Direct (Displacement) Addressing Mode



In the direct addressing mode the data is in some memory location(s) and the address of the data in memory comes immediately after the instruction. Note that in immediate addressing, the operand itself is provided with the instruction, whereas in direct addressing mode, the address of the operand is provided with the instruction. For the real-address mode memory model, the address is the offset address and one can calculate the physical address by multiplying the value in the DS segment register with 16 (decimal) and adding the offset. In protected mode, the address is the linear address and the DS segment selector is used to index into the descriptor table to get the base of the data segment to which this linear address is then added and finally goes through an optional translation to get the physical address. Examples:

real-address mode:

MOV DL, [2400h] ; moves content of DS:2400h into DL register

MOV AX, [5500h] ; moves content of DS:5500h into the AX register

protected mode:

MOV EAX, [12345678h] ; moves content of DS:12345678h into the EAX register

Note: Notice the bracket around the address. The absence of this bracket will result in an error as it would then be interpreted as moving the immediate value for example 2400h into the DL register which is invalid as you cant move a 16-bit quantity into a 8-bit register !
 

4 Register Indirect Addressing Mode



In the register indirect addressing mode, the address of the memory location where the operand resides is held by a register. The registers used for this purpose are SI, DI and BX in the real-address mode. In the protected-mode any of the registers EAX, EBX, ECX, EDX, ESI or EDI can be used. If these registers are used as pointers, that is, if they hold the offset of the memory location, they must be combined with the DS segment register in order to generate the physical address. Example:

real-address mode:

MOV AL, [BX]    ; moves into AL the contents of the memory location pointed to by DS:BX

MOV [DI], AL    ; moves into DS:DI the contents of the register AL

protected mode:

MOV AL, [EAX]    ; moves into AL the contents of the memory location pointed to by DS:EAX

MOV [EBX], ESI    ; moves into DS:EBX the contents of the register ESI

MOV BL, [ESI]    ; moves into BL the contents of the memory location pointed to by DS:ESI

 

5 Based Relative Addressing Mode



In the based relative addressing mode in real-address mode, base registers BX and BP , as well as a displacement value, are used to calculate what is called an effective address. The default segment registers used for the calculation of the physical address are DS for BX and SS for BP. Example:

MOV CX, [BX+10h]    ; moves 16-bit word at DS:BX+10h into CX register

MOV [BP+22h], CX    ; moves contents of CX register into memory location SS:BP+22h

In case of protected mode, registers EAX, EBX, ECX, EDX, ESI, EDI, EBP and ESP can be used as base registers. The default segment registers used for calculation of physical address are DS for EAX, EBX, ECX, EDX, ESI and EDI and SS for EBP and ESP.

MOV EAX, [EBX+10h] ; moves 32-bit quantity at DS:EBX+10h into the EAX register

MOV [EBP+22h], EDX     ; moves contents of EDX register into memory location SS: EBP+22h

A brief mention should be made of the terminology effective address used in Intel literature. In "MOV AL, [BP+5h]", BP+5h is called the effective address since the 5th byte beginning from the offset BP is moved into register AL.

 

6 Indexed Relative Addressing Mode



In the index relative addressing mode in real-address mode, index registers SI and DI , as well as a displacement value, are used to calculate what is called an effective address. The default segment register used for the calculation of the physical address is the DS register. This mode is very similar to the based relative addressing mode except that in this case the registers used are SI and DI. Example:

MOV CX, [SI+10h]    ; moves 16-bit word at DS:SI+10h into CX register

MOV [DI+22h], CX    ; moves contents of CX register into memory location DS:DI+22h

In case of protected mode, registers EAX, EBX, ECX, EDX, ESI, EDI, EBP and ESP can be used as index registers. The default segment registers used for calculation of physical address are DS for EAX, EBX, ECX, EDX, ESI and EDI and SS for EBP and ESP.

MOV EAX, [ESI+10h] ; moves 32-bit quantity at DS:ESI+10h into the EAX register

MOV [EDI+22h], EDX     ; moves contents of EDX register into memory location DS: EDI+22h

 

7 Based Indexed Addressing Mode



By combining based and indexed addressing modes, a new addressing mode is derived called the based indexed addressing mode. In this mode, one base register and one index register are used. Examples:

real-address mode:

MOV CL, [BX+SI+8h]    ; moves into CL register, byte at memory location DS:BX+SI+8h

MOV CL, [BX+DI+8h]    ; moves into CL register, byte at memory location DS:BX+DI+8h

MOV CL, [BP+SI+8h]    ; moves into CL register, byte at memory location SS:BP+SI+8h

MOV CL, [BP+DI+8h]    ; moves into CL register, byte at memory location DS:BP+DI+8h

protected mode:

MOV CL, [EBX+EAX+10h]     ;moves into CL register, byte at memory location DS:EBX+EAX+10h

MOV CL, [EBP+EAX+10h]     ;moves into CL register, byte at memory location SS:EBP+EAX+10h

MOV CL, [ESI+EDI+10h]     ;moves into CL register, byte at memory location DS:ESI+EDI+10h

 

8 Segment overrides and 32-bit scaling factors



As noted in the addressing modes above, each of the modes had a default segment register associated with it. For example in the indexed addressing mode, for the SI and DI registers in real-address mode, the implicit segment register involved in the calculation of the final physical address was the DS segment register. However, it is possible to override this implicit assignment using the segment prefix. Example:

MOV CX, ES:[SI+10h]    ; moves 16-bit word at ES:SI+10h into CX register

In case of 32-bit instructions, we can also add a scaling factor in any of the based, indexed or based indexed addressing modes. The scaling factor must always be a power of 2. Example :

MOV EAX, [ESI + EAX*4]    ; moves into EAX the 32-bit quantity at DS:ESI+EAX*4

More on C++’s in-line assembler

We can use  C++’s in line assembler to manipulate data referenced by variables.  

For example:    

int my_var = 0x1234;

 _asm  MOV EAX, my_var

This copies the contents of my_var into register EAX.  Note that an integer in C++ has a data size of 4 bytes.  Different data types will obviously have differing data sizes and this will affect the way we write our assembly code, therefore it is important for us to know the default data sizes for our C++ compiler.  A handy function which returns the size of a data type is called sizeof(var) where var is the variable name we’re interested in. Try and find out what the data size is for other integer variables such as long and short ints and unsigned chars and complete the table below.  

	Data Type
	Data Size (in bytes)

	Int
	

	long int
	

	short int
	

	Byte
	

	unsigned char
	


High level programs such as C++ allow more complicated data structures including arrays.  How are these dealt with in assembly language?  Consider the following C++ code:

#define MAXSIZE 10

int x;    //16 bit integer

short int numbers[MAXSIZE];   /16 bit data size

….

….

int mysize = MAXSIZE;

for (x=0;x<mysize;x++) numbers[x] = x+1; 

This code loads array numbers with the values 0 to 9.  At the assembly code level the compiler makes use of the source and destination index registers ESI and EDI respectively.  These registers were designed to deal with exactly this kind of block memory access.  For example, assuming the array numbers[] started at memory location first_address, then the above C++ code might convert to :




mov esi, 0  //starting at element 0 




mov cx, 1  //intialise count register with 1

LOOP1:      

cmp cx, mysize   //compare with max size of array




jg ENDL          //jump when all done




mov first_address[esi], cx   //place num in array element 




inc  esi//   we need to increment twice since




inc esi  //- memory is addressed one byte at a time




inc cx    //increment counter




jmp LOOP1  //onto next

ENDL:ENDLOOP:    ………..

Note that we use ESI and EDI registers since we are assuming the C++ code is Windows 32 based.  This means it does not allow 16 bit memory references/pointers.

Also note the use of the variable mysize since we are assuming we will be using C++’s in-line assembler.  WARNING: The inline assembler has a directive called “size” so avoid using this keyword as a variable name in your work.

Questions:

Why are there two INC ESI instructions?

What addressing mode is being used in instruction MOV first_address[ESI],CX ?

Exercise:

Convert the above assembly code to load 32 bit data (data of type int). How would the C++ code differ?

Copying arrays

The previous assembly code loaded an array with data.  Let’s see how we can copy data from one array to another.

//This program demonstrates a memory copy routine using arrays.

//For windows32 programs we must use 32 bit address pointers, i.e. we must use ESI, 

//EDI not SI and DI.

#include <iostream.h>

#define MAXSIZE 10

void printArray(short int*,short int size);   //short ints are 16bits wide

int main(void)

{

    short int array1[MAXSIZE] = {1,2,3,4,5,6,7,8,9,0}; 

    short int array2[MAXSIZE] = {0,0,0,0,0,0,0,0,0,0}; 

    short int mysize = MAXSIZE;

 __asm

 
{




mov esi, 0  //starting at element 0

 
               mov edi, 0 




mov cx, 1  //intialise count register with 1

LOOP1:      

cmp cx, mysize   //compare with max size of array




jg ENDL          //jump when all done




mov ax, array1[esi]  //copy an element




mov array2[edi], ax // memory to memory not allowed




inc esi //point to next element




inc esi //remember each element is two bytes in size 




inc  edi// therefore we need to increment twice 




inc edi  //- memory is addressed one byte at a time




inc cx    //increment counter




jmp LOOP1  //onto next

ENDL:



}

    printArray(array2,mysize);   //print out results of our handywork

    return 0;

}

void printArray(short int array[],short int size)

{

     for  (int x = 0; x < size; x++)


 {

         if (x == size/2) cout << "\n";



 cout<< array[x]<< "  ";


 }

}

This program should copy numbers 1 to 10 into array2 and display the output

 1 2 3 4 5

 6 7 8 9 10

Notes on Syntax.

Of course, the addressing mode specified earlier was known as index addressing. However the syntax used by differing assemblers will vary.  Earlier in our discussion on addressing modes we talked about index addressing and saw syntax similar to:  

MOV [EDI+22h], CX  which  moves contents of CX register into memory location given by EDI + 22h.  This could have been written MOV 22[EDI], CX.   With the in-line assembler the following two instructions are identical:

   MOV array2[EDI],CX

   MOV [EDI + array2],CX

In disassembly view Microsoft C++ defaults to the second type, so it may be wise to get used to this syntax.

Notice that in order to deal with data of different types we need to increment ESI and EDI by different amounts; once for byte data, twice for 2 byte data (words), 4 times for double words, etc.   The 80x86 addressing modes allow us to scale our index increments ( see our discussion on addressing modes, earlier).  So we can use an instruction like

mov [esi*2 + array1], cx  // place num in array element

We need only increment esi once now since esi is scaled by a factor of two here.  Remember, we can only use a scaling factor which is a power of 2, e.g. 2,4 or 8.

