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Addressing Modes

The address field or fields in a typical instruction format are
relatively small. We would like to be able to reference a large
range of locations in main memory or, for some systems, virtual
memory.
Common addressing techniques:
▶ Immediate
▶ Direct
▶ Indirect
▶ Register
▶ Register Direct
▶ Displacement
▶ Stack



Notations



Immediate Addressing

▶ Operand is part of the instruction
▶ Operand = A
▶ Example SUB 9

▶ Subtract 9 from the contents of the accumulator
▶ 9 is the operand

▶ Saves one memory or cache cycle due to no memory
reference

▶ Affected by the limited word length (instruction sets is small
compared to the word length)

▶ Used for constants and variable initialization



Direct Addressing



Indirect Addressing



Register Addressing



Indirect Register Addressing



Displacement Addressing



Displacement Addressing ..



Displacement Addressing ...



Displacement Addressing ...



Displacement Addressing ...



Stack Addressing



Summary



Instruction Formats

▶ The layout of the bits in an instruction set:
▶ Opcodes
▶ Operands, implicit or explicit
▶ Memory address
▶ Register

▶ Usually more than one instruction format is used and
usually varies depending on whether its addressing
memory, I/O devices or a register



Instruction Bit Semantics

▶ Many instruction formats:
▶ complicates decoding
▶ Uses more instruction bits (to specify the format)



Instruction Bit Semantics



Instruction Length

▶ Variable-length instructions (Intel 80x86, VAX) require
multi-step fetch and decode, but allow for a much more
flexible and compact instruction set

▶ Fixed-length instructions allow easy fetch and decode, and
simplify pipelining and parallelism



Instruction Length

▶ Affected by and affects:
▶ Memory size
▶ Memory organization
▶ Bus structure
▶ CPU complexity
▶ CPU speed



Longer Instruction Length

▶ Pros:
▶ More opecodes
▶ Operands
▶ Addressing modes
▶ Greater address range
▶ Easier programming

▶ Cons:
▶ Waste of space



Expanding Opecodes

▶ Make some opcodes short, but have a means to provide
longer ones when needed

▶ When the opcode is short, a lot of bits are left to hold
operands

▶ If an instruction has no operands (such as Halt), all the bits
can be used for the opcode

▶ In between, there are longer opcodes with fewer operands
as well as shorter opcodes with more operands



Example 1

▶ Consider a machine with 16-bit instructions and 16
registers. And we wish to encode the following instructions:

▶ 15 instructions with 3 addresses
▶ 14 instructions with 2 addresses
▶ 31 instructions with 1 address
▶ 16 instructions with 0 addresses

▶ Can we encode this instruction set in 16 bits?



Example 1



Solution

▶ The first 15 instructions account for:
15x24x24x24 = 15x212 = 61440 bit patterns

▶ The next 14 instructions account for: 14x24x24 = 15x28 =
3584 bit patterns

▶ The next 31 instructions account for: 31x24 = 496 bit
patterns

▶ The last 16 instructions account for 16 bit patterns
▶ In total we need 61440 + 3584 + 496 + 16 = 65536

different bit patterns
▶ Having a total of 16 bits we can create 216 = 65536 bit

patterns
We have an exact match with no wasted patterns. So our
instruction set is possible



Example 2

▶ Is it possible to design an expanding opcode to allow the
following to be encoded with a 12-bit instruction? Assume
a register operand requires 3 bits
▶ 4 instructions with 3 registers
▶ 255 instructions with 1 register
▶ 16 instructions with 0 register



Solution

▶ The first 4 instructions account for: -
4x23x23x23 = 4x29 = 2048 bit patterns

▶ The next 255 instructions account for: - 255x23 = 2040 bit
patterns

▶ The last 16 instructions account for 16 bit patterns
▶ In total we need 2048 + 2040 + 16 = 4104 bit patterns
▶ With 12 bit instruction we can only have 212 = 4096 bit

patterns
Required bit patterns (4104) is more than what we have
(4096), so this instruction set is not possible with only 12
bits



Allocation Bits

Trade-off between opcodes and the power of the addressing
capability. Variable-length opecodes are helpful
▶ Factors determining the use of addressing bits:

▶ Number of addressing modes
▶ Number of operands
▶ Register vs. memory
▶ Number of register sets
▶ Address range



Pre-lecture 16



Processor Organization



Register Organization
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