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Addressing Modes

Announcements
Lab Oisdue at midnight tonight. Refer to the electronic submission handout for details. Paper
copies will be due on Wednesday.
Lab 1 goes out today. A bug was fixed on Friday, so if you downloaded it before then, you
should get anew copy. It'sdue 4/21/99 at midnight.
Doug will miss his office hours today.
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Labl

Labl isthefirst substantial assignment. There isalot more to do than in Lab0. It will be due on
4/21/99, so please try to start it as soon as possible.

In order to complete Labl, you will have to use some instructions that we have not covered. Use
the 68k reference manual asit contains al the information you will need. If you are unsure how to
perform some operation in assembly, the 68k reference manual is the right place to look.

DC and DS

Although both DC and DS are in the notes from last lecture, Doug did not get a chance to discuss
them, so will cover them very briefly today. 1f you would like more information on them, please
see the notes from last lecture.

Let us now take alook at the define constant (DC) assembler directive, which CodeWarrior actually
supports. The syntax for DC is as follows:

[Label] DC.{B,W,L} expression [, expression2 [, expression3 [...111
It isimportant to note that DC actually sets aside memory and sets the value of that memory to the

(compile-time) value of the given expression. Let uslook at an example to help clarify things. Say
we had the following code (written in traditional assembly):

CLR L D1
DC. L $D01160A0
CLR L D1

What happens when we assembl e this? We get:

$4281 D011 60A0 4281

Notice that the value specified by the DC gets stuck right in the middle of the code—no questions
asked. Why would we ever want to do such asilly thing? Usually, we use DC for storing constant
datathat doesn't fit in 32 bits. For instance, as you will seein assignment O, DC isgreat for
allocating space for constant strings. Y ou can do:

MyString DC.B "Hello Wrld!"

Y ou might also be tempted to use the space allocated by DC to store avariable. Thiswill not work.
Because DC allocates memory in the same space that the program resides, you cannot write to it (at
least in the Palm, where the programs execute from write-protected memory).



Finally, we have the define storage (DS) directive. The DS directive allows you to allocate some
number of bytes/words/longs that is uninitialized. Thisdirectiveis supposed to actually let you
define storage that you can use to store global variables. An exampleis:

GlobalArray DS.L 10

This example allocates space for 10 long words. 1t should be obvious that the memory allocated by
the DS directive should be allocated somewhere else (not in the program space). On Coder (the
prior assembler for this class), the space is allocated relative to A5. This makes sense, since on the
Macintosh, A5 points to the space for globals. However, for whatever reason, M etr ower ks does
not get DSright. They allocate storage in the program space—a bad idea.

In Codewarrior’s “assembly in C”, to get the same effect we can define a global variable outside of
our assembly routine. These will be allocated A5 relative and can still be accessed in assembly.

Addressing Modes

What are Addressing Modes

Today were going to go through a bunch of different addressing modes. There are quite afew of
them, but most of them have common themes. Besides, after afew of them, it will start to come
together. If you have questions about a particular addressing mode, see section 2 of the 68k
reference manual.

What are addressing modes? In short, they allow us to specify where the operands are for
instructions. For example:

CLR.L DO

The addressing mode tells this instruction to modify a data register and then, specifically, which
dataregister to modify.

There are alot of addressing modes. Here'salist of some of them:

1. Register Direct
Dataregister direct
Addressregister direct

2. Memory address modes
Addressregister indirect
Addressregister indirect with postincrement
Addressregister indirect predecrement



Address register indirect displacement
Address register indirect index and displacement
3. Specia Addressing
- Absolute short
Absolute long
PC with displacement
PC with displacement and index
Immediate

Register Direct Addressing
Data Register Direct

Register direct addressing allows to specify aregister which contains the operand for the
instruction. Let ustake alook at data register direct addressing first. The syntax for itisas
follows:

Syntax: Dn {n: 0..7}
This means that to specify register direct addressing, we simply specify D followed by the register
number. You've already used this mode several times, and will useit extensively throughout the

course. Let'stake alook at an example of dataregister direct addressing in action. Take the clear
instruction, for example:

CLR.W D5

This instruction, when assembled, is:
0100 0010 01 000 101
$4 2 4 5

After thisinstruction, the lower half of D5 iscleared. Y ou should be pretty comfortable with this
addressing mode by now. But how does data register direct compare with address register direct?

Address Register Direct

Hereisthe syntax for address register indirect:

Syntax: An {n: 0..7}

Okay, so syntactically they are the same. But they are not interchangeable. Let uslook at the clear
instruction again. For example:

CLR.L AO => 0100 0010 10 ????7?7?



If wetry to assemble the instruction, everything will go fine until we have to specify the addressing
mode of the operand. If you look in section 4-74, you'll see that the chart just has dashes where
address register direct mode is specified. This means that address register direct mode cannot be
used with thisinstruction. This goes back to the decisions the designers of the 68k made about
“address’ registers and for what they should be used. Doesit ever make sense to zero out an
address and then use that address? According to the designers, no it does not. Hence, the address
register direct mode cannot be used with the clear instruction. Other invalid uses of address register
direct mode include:

MOVE.L DO, AO

MOVEA.B DO, AO
If you try to hand assemble these instructions, you will find that it cannot be done. In thefirst
example, the designers simply wanted to make sure you knew what you were doing by making you
specify MOVEA rather than just MOVE when you wanted to put an address in an address register. But
what about the second example? Because a single byte can never be used as an address by itself in

the 68k, the MOVEA instruction is undefined for the byte size. Finally, let’slook at an example that
actually does work:

MOVEA.L DO, AO

This instruction, when assembled is:
0010 000 001 o000 o000
$2 0 4 0

Address Register Indirect
Address Register Indirect

Asexciting as register direct addressing is, you've all seen that before and it’ s time to move on to
bigger and better things. Let us now examine address register indirect addressing, which has the
following syntax:

Syntax: (An) {n: 0..7}
Now, let’s ook at an example, using, of course, our favorite example, clear.

CLR.L (A3)

This instruction, when assembled, is:
0100 0010 10 010 011
$4 2 9 3
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If A4 is1000 0000 beforetheinstruction:

A4[1000 0000 ~ 1000 0000 |

| 00

+ 0003

EA 1000 0003

Now, what is happening here, is that the displacement is added to the value in A4. However, itis
very important to note that the displacement is a signed short integer (one word, 16 bits). This
means, that a displacement of FFFF would be negative, which is perfectly acceptable. To alow
this, the 16 bit displacement is sign extended before adding it to the 32 bit address. Sign extension
involves taking the most significant bit of the 16 bit displacement and repeating that bit for the
absent 16 bitsin the second word. Again, remember that the value of A4 does not change. Let’s
compare displacement and postincrement addressing modes, assuming A4 is still 2000 0000:

Cleared A0 afterwards
CLR.W 2(A4) 1002 1000
CLR.W (Ad)+ 1000 1002

Address Register Indirect with Index and Displacement
Building on displacement mode, is the index and displacement variant of the address indirect
addressing mode. Here's the syntax:
Syntax: d(An, Xi[-W, .LD {n: 0..7}

or (d, An, X1[.W, .LD {d is 8 bits}

{Xi is a register, i: 0..7)

Alright, this oneis alittle more complex then the those that we have looked at previoudly, but it is
basically the same as all therest. In contrast to the 16 bit displacement in address register indirect
with displacement mode, the displacement in thismode is only 8 bits. X1, in this case, can be either

an address or dataregister. The [.W, .L] part determines how much of Xi gets used to calculate
theindex. Hopefully an example will make this alittle clearer.

CLR.L 2(A3, D4.L)
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kilobytes or last 32 kilobytes of memory. In general, it isimportant to know that absolute short
addressing exists, but you probably will not use it very much.

Absolute Long

The opposite of absolute short addressing, is, of course, absolute long addressing. Here' sthe
syntax:

Syntax: (XXX) .L or XXX.L {XXX is long address}
Absolute long addressing allows you to specify afull 32 bit address. Y ou will probably use

absolute long addressing more than absolute short. It isimportant to note that the size of the
instruction can be different than the size of the address used to specify the operand. For example:

CLR.W $F0002002.L

The above instruction is perfectly valid.

PC Relative Addressing
PC Relative with displacement

In addition to using address registers, the PC register can be used in some indirections. Be careful,
however, because things relative to the PC are read only. Here's the syntax:

Syntax: d(PC) or (d, PC) {d is 16 bits)

Aswas mentioned earlier, memory relative the PC isread only and therefore, instructions such as

clear cannot be specified. For example, if you tried to hand assemble the following instruction, you
would be unableto doit.

CLR.W 2(PC) => invalid
In addition to remembering that things accessed relative the PC are read only, remember that

because the PC gets incremented whenever an instruction isread, it is always two bytes ahead. For
example, let’slook at the following operation:

MOVE.W  2(PC), DO

The assembly for the above instruction is:
00 11 000 000 111 o010
$3 0 3 A
0000 0000 0000 0011
$0 0 0 2



DO ?7??7? 2777

PC[0000 1000 0000 1000 N oA

00 02

sign ext. 02/ Il Il

EA 0000 1004

So what’ s going on here? What happensis that when $303A isread, the PC gets updated to
$1002 automatically, regardless of the instruction. Now, when PC is evaluated to do the
displacement, its valueis now $1002, not $1000. This causes the contents of $1004, which are
undefined, to be placed in DO.

PC Relative with Index and Displacement

Thisisthe last addressing mode we will cover. This addressing mode operates similarly to PC with
displacement, but instead of just a displacement, thereisan index aswell. Here'sthe syntax:

Syntax: d(PC, Xi[.W, .LD {d is 8 bits}
or (d, PC, X1[-W, .LD {Xi is a register, i: 0..7)

Basically, it operates like address register indirect with index and displacement, except that things

relative to the PC are read only and cannot be used as the destination address and that the PC is

always two ahead because it gets incremented when it reads the first word of the next instruction to
execute. Let'stakealook at our last example:

MOVE.W  2(PC, D3.W), DO

Which, when assembled, is:
00 10 000 000 111 011
$3 0 3 B
0 011 O 000 0000 0010
$3 0 0 2

Remember that the second word is in extension word format. Here's the state of the machine:



PC 0000 1000

D3|1000 FFFE 0000 1000 -- -
30 02

DO[ 22?2 3002 7 >

signext. 02

EA 0000 1002

Now, why isthe effective address $1002? Well, because the lower word of D3 is the hexadecimal
representation of —2 and the displacement is +2, they cancel out. That just leaves the PC automatic
incrementaion, which makes the PC $1002 when calculating the effective address. Now, because
the index and displacement cancelled out, $1002 becomes the effective address and the contents
of memory at $1002 are moved into DO.



