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1  Introduction

A multi-cycle processor can be viewed as a configurable collection of hardware – a memory, a register file,
an ALU, for example – and a collection of data paths joining them. It is configurable in the sense that one
set of control signals enables one set of datapaths, another set of control signals enables another set of data
paths. Here is a concrete example.

1. To do an instruction fetch a multiplexor is set so that the program counter output is routed to the
address input of the memory; the read control of the memory is asserted; and the data output of the
memory is routed to the instruction register.

2. To provide operands for the ALU, the rs and rt bits of the instruction are routed to the two address
inputs of the register file by control signals; and the data outputs of the register file are routed to the A
and B operand registers.

3. two inputs of the ALU by other control signals; and the ALU output is routed to the ALUOut register
by another set of control signals. While this is going on a fourth set of control signals configures the
ALU to do whatever operation is requested by the instruction.

In general there is a large collection of operations that can be carried out by theis hardware with different
subsets of its datapaths activated. Microcoding is a method of creating small programs that output sequences
of control signals so that the result of a sequence is to do an assembly language instruction.

Microcoding is very valuable because it allows different, usually faster, processor hardware to execute the
same instruction set as older slower processor hardware. Processor families, like the IBM 360 family, the
PDP11 family, the VAX family and the x86 family to provide the same instruction set for decades, all the
while that the hardware providing takes advantage of new techniques for achieving higher speed, lower
power or lower cost. Wikipedia has a rather good set of pages on Microcode. You can find them starting
here:

http://en.wikipedia.org/wiki/Microcode

2  Hardware Supporting Microcoding

Microcode is stored in a small, very fast memory inside the
processor. Each memory location stores a complete set of control
signals, and when that location is accessed the signals are applied to
the hardware, so that the processor is configured to carry out the
current phase of the instruction. A memory store instruction has,
for example, four phases: instruction fetch, instruction decode and
operand access, address calculation, and memory write. It is carried
out using microcode as a set of four microinstructions, each of
which configures the hardware to carry out that phase. The easiest
way of doing this is to put the microinstructions one after another
in the memory, and use a sequencer, as shown on the right. The
microprogram counter (MPC) provides sequential addresses. Then
all we have to do is to put in the control store a set of bits
corresponding to the control signals.

This simple circuit ignores two issues:
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1. How does execution start inthe right place for the current instruction?
2. How does execution terminate?

The first is solved by a ‘Dispatch ROM’, a
piece of read-only memory containing the
addresses of the first microinstruction of each
microprogram. In the circuit to the right the
opcode field (Op) of the instruction is used as
an address to retrieve the first instruction of
the relevant program. The address control
signal (AddrCtl) is asserted on the first
microinstruction to get the microprogram
started, after which the adder steps through
the program.

The second is solved by having the control
store output a signal called End in the figure
that has the effect of stopping microprogram
sequencing until a new instruction arrives.

At theis point microcode is conceptually
complete. However, in practice, microcode
processing adds many extra features, like
branching, which allows it to get very
complex. These complexities go far beyond
the scope of this course.
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