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5.5 Microprogramming: Simplifying Control Design 399

An alternative style of machine is a Mealy machine, named after George Mealy. The
Mealy machine allows both the input and the current state to be used to determine the
output. Moore machines have potential implementation advantages in speed and size
of the control unit. The speed advantages arise because the control outputs, which are
needed early in the clock cycle, do not depend on the inputs, but only on the current
state. In Appendix C, when the implementation of this finite state machine is taken
down to logic gates, the size advantage can be clearly seen.The potential disadvantage
of @ Moore machine is that it may require additional states. For example, in situations
where there is a one-state difference between two sequences of states, the Mealy
machine may unify the states by making the outputs depend on the inputs.

Microprogramming:
Simplifying Control Design

For the control of our simple MIPS subset, a graphical representation of the
finite state machine, as in Figure 5.42, is certainly adequate. We can draw such
a diagram on a single page and translate it into equations (see Appendix C)
without generating too many errors. Consider instead an implementation of
the full MIPS instruction set, which contains over 100 instructions (see
Appendix A). In one implementation, instructions take from 1 clock cycle to
over 20 clock cycles. Clearly, the control function will be much more complex.
Or consider an instruction set with more instructions of widely varying
classes: The control unit could easily require thousands of states with hun-
dreds of different sequences. For example, the Intel 80x86 instruction set has
many more addressing mode combinations, as well as a much larger set of
opcodes.

In such cases, specifying the control unit with a graphical representation
will be cumbersome, since the finite state machine can contain hundreds to
thousands of states, and even more arcs! The graphical representation—al-
though useful for a small finite state machine—will not fit on a page, let alone
be understandable, when it becomes very large. Programmers know this phe-
nomenon quite well: As programs become large, additional structuring tech-
niques (for example, procedures and modules) are needed to keep the
programs comprehensible. Of course, specifying complex control functions di-
rectly as equations, without making any mistakes, becomes essentially impos-
sible.

Can we use some of the ideas from programming to help create a method of
specifying the control that will make it easier to understand as well as to de-
sign? Suppose we think of the set of control signals that must be asserted in a
state as an instruction to be executed by the datapath. To avoid confusing the
instructions of the MIPS instruction set with these low-level control instruc-
tions, the latter are called microinstructions. Each microinstruction defines the
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Chapter 5 The Processor: Datapath and Control

set of datapath control signals that must be asserted in a given state. Executing
a microinstruction has the effect of asserting the control signals specified by the
microinstruction.

In addition to defining which control signals must be asserted, we must
also specify the sequencing—what microinstruction should be executed next?
In the finite state machine shown in Figure 5.42 on page 396, the next state is
determined in one of two different ways. Sometimes a single next state follows
the current state unconditionally. For example, state 1 always follows state 0,
and the only way to reach state 1 is via state 0. In other cases, the choice of the
next state depends on the input. This is true in state 1, which has four different
successor states.

When we write programs, we also have an analogous situation. Sometimes
a group of instructions should be executed sequentially, and sometimes we
need to branch. In programming, the default is sequential execution, while
branching must be indicated explicitly. In describing the control as a program,
we also assume that microinstructions written sequentially are executed in se-
quence, while branching must be indicated explicitly. The default sequencing
mechanism can still be implemented using a structure like the one in
Figure 5.43 on page 398; however, it is often more efficient to implement the
default sequential state using a counter. We will see how such an implementa-
tion looks at the end of this section.

Designing the control as a program that implements the machine instruc-
tions in terms of simpler microinstructions is called microprogramming. The key
idea is to represent the asserted values on the control lines symbolically, so that
the microprogram is a representation of the microinstructions, just as assembly
language is a representation of the machine instructions. In choosing a syntax
for an assembly language, we usually represent the machine instructions as a
series of fields (opcode, registers, and offset or immediate field); likewise, we
will represent a microinstruction syntactically as a sequence of fields whose
functions are related.

Defining a Microinstruction Format

The microprogram is a symbolic representation of the control that will be
translated by a program to control logic. In this way, we can choose how
many fields a microinstruction should have and what control signals are
affected by each field. The format of the microinstruction should be chosen so
as to simplify the representation, making it easier to write and understand the
microprogram. For example, it is useful to have one field that controls the
ALU and a set of three fields that determine the two sources for the ALU
operation as well as the destination of the ALU result. In addition to read-
ability, we would also like the microprogram format to make it difficult or
impossible to write inconsistent microinstructions. A microinstruction is
inconsistent if it requires that a given control signal be set to two different val-
ues. We will see an example of how this could happen shortly.
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