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Lecture Outline

� A Brief Look at Assembly Language

� Addressing

– Immediate Addressing
– Direct Addressing
– Register Addressing
– Register Indirect Addressing
– Indexed Addressing
– Based-Indexed Addressing

� Reading: Tanenbaum, Chapter 5, Section 4.
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A Brief Look at Assembly Language

� Here is a Java code fragment:

if (i == 0)
k = 1;

else
k = 2;

� Its translation to a generic assembly language:

CMP i,0 ; compare i to 0
BNE Else ; branch to Else is not equal

Then: MOV k,1 ; move 1 to k
BR Next ; unconditional branch to Next

Else: MOV k,2 ; move 2 to k
Next:
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Addressing

� Instructions generally have one, two or three
operands.

� The operands are addressed using one of the
following modes:

– Immediate
– Direct
– Register
– Indexed
– Other mode

� Some machines have a large number of
complex addressing modes.

� We will consider a few addressing modes here.
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Immediate Addressing

� The simplest way for an instruction to specify
an operand is for the address part of the
instruction actually to contain the operand itself
rather than an address or other information
describing where the operand is.

� Such an operand is called an immediate
operand because it is automatically fetched
from memory at the same time the instruction
itself is fetched.

� Example:

MOV R1,4

� Advantage – no extra memory reference to
fetch the operand.

� Disadvantage – only a constant can be
supplied this way.
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Direct Addressing

� A method for specifying an operand in memory
is just to give its full address.

� This mode is called direct addressing.

� Like immediate addressing, direct addressing
is restricted in its use: the instruction will
always access exactly the same memory
location.

� So while the value can change, the location
cannot.

� Thus direct addressing can only be used to
access global variables whose address is
known at compile time.
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Register Addressing

� Register addressing is conceptually the same
as direct addressing but specifies a register
instead of a memory location.

� Because registers are so important (due to fast
access and short addresses) this addressing
mode is the most common one on most
computers.

� Many compilers go to great lengths to
determine which variables will be accessed
most often (for example, a loop index) and put
these variables in registers.

� This addressing mode is known simply as
register mode.
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Register Indirect Addressing

� In this mode, the operand being specified
comes from memory or goes to memory, but its
address is not hardwored into the instruction,
as in direct addressing.

� Instead, the address is contained in a register.

� When an address is used in this manner, it is
called a pointer.

� A big advantage of register indirect addressing
is that it can reference memory without paying
the price of having a full memory address in the
instruction.
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Example of Register Indirect Addressing

� Consider an program which steps through the
elements of a 1024-element one-dimensional
integer array to compute the sum of the
elements in register R1.

� We will indirectly register through R2 to access
the elements of the array

� Here is the assembly program:
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Indexed Addressing

� It is frequently useful to be able to reference
memory words at a known offset from a
register.

� Addressing memory by giving a register
(explicit or implicit) plus a constant offset is
called indexed addressing.

� Example: consider the following calculation:

� We have two one-dimensional arrays of 1024
words each, A and B, and we wish to compute���

AND � � for all the pairs and then OR these
1024 Boolean products together to see if there
is at least one nonzero pair in the set.

� Here is the assembly program.
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Based-Indexed Addressing

� Some machines have an addressing mode
in which the memory address is computed
by adding up two registers plus an (optional)
offset.

� Sometimes this mode is called based-indexed
addressing.

� One of the registers is the base and the other
is the index.

� Such a mode would have been useful in our
example here.

� Outside the loop we could have put the address
of A in R5 and the address of B in R6.

� Then we could have replaced the instruction at
LOOP and its successor with

LOOP: MOV R4,(R2+R5)
AND R4,(R2+R6)
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