Microprogramming

Con trol unit can b e designed using:

� Finite state mac hine approac h.

{ Use state diagrams and transitions b et w een states.

{ Use CAD to ols for \hardwiring" con trol

{ Go o d if n um b er of states is relativ ely small

{ Has gotten b etter throughout the y ears b ecause of RISC and

b ecause b etter CAD to ols

� Microprogramming

{ Use a \programming approac h" v ery m uc h as w e decomp osed

single cycle implemen tation in to m ultiple (shorter cycles)

{ Go o d when man y states (structured approac h), e.g., in CISC

mac hines

{ Implemen tation with R

OM (used to b e faster than RAM)

Microprogramming { Basic idea

The (main) data path remains unc hanged .

Build a very simple auxiliary data path and asso ciated con trol unit

whose role is to generate con trol signals for the main data path.

The micro data path fetc hes microinstructions.

The micro con trol unit sends signals to the main data path.

Eac h mac hine language instruction is \in terpreted" b y a sequence of

microinstructions

The in terpretation of the ISA is the \microprogram" for the ma-

c hine.

Microprogramming { Blo c k diagram

Micro PC

Microprogram

Microinstruction main data path

Signals from

Micro control unit

ROM main data path

Signals to

Microinstructions

In h microinstruction there is an enco ding for what to do ab out

trol signals in the main data path, i.e.,

1. ALU trol (what is the op eration to p erform)

2. Select source 1 of ALU

3. Select source 2 of ALU

4. Destination of ALU

5. Memory read or write

6. Memory register (destination for load, source for store)

7. w to mo dify PC

The microinstruction has also a �eld to �nd the next microinstruc-

tion

4

Microinstruction format

h microinstruction causes one datapath cycle to execute

h �eld of the microinstruction tains trol bits for one unit

in the data path. F or example:

Sr2 ALU Sr1 Destmem memreg PCw sequence

0 means PC is source

0 means 4 is source

1 means get source for extension unit

2 means shift by 2 in adder

3 means rt is source etc

for finding next microinstruction 1 means rs is source

5

Microprogramming: Adv an tages and dra wbac ks

Adv tage { y

� Can \�x" ISA after data path has b een designed

� Can e eral ISA’s on the same hine

� Can add instructions to an existing ISA

ks { Cost

� Time p y for hing and executing microinstruction

� Cost p y in hip \real estate"

6

Microprogramming Implemen tation

V ertical micro co de { tial execution

� Highly enco ded microinstructions

� Usually the microinstruction has an op co de for one main data

path unit (e.g, no t activ ation of ALU and Memory)

� Lo oks e ... a RISC instruction set

tal micro co de

� V ery wide (100+ bits) microinstructions

� A �eld for h data path unit with little enco ding

� Lots of parallelism p ossible

� h microinstruction carries the address (mo di�able) of its suc-

cessor

7