Multiple cycle implemen tation { Con trol

Con trol is more complex than in the single cycle implemen tation

since:

� Need to de�ne con trol signals for eac h step

� Need to kno w whic h step w e are on

Tw o metho ds for designing the con trol unit

� Finite state mac hines { Hardwired con trol

� Microprogramming (see later)

What are the con trol signals needed (cf. Fig 5.32)

W e �rst lo ok at the con trol signals that will b e needed at eac h step.

Some of these signals are for reading/writing memory

, some are for

writing registers, and some are for driving the c hoices in m ultiplexors.

W e also need to select whic h function the ALU is going to p erform

at eac h step.

Instruction fetc h

� Set the Mux for memory address (to ha v e PC as input)

IorD = 0

� Set Memr e ad signal

� Set IR write signal (note that w e do not need a selector for c ho os-

ing b et w een IR and MDR { Wh y?)

� Set The Mux for input 1 of ALU to b e \from PC"

ALUSr cA = 0

� Set the Mux for input 2 of ALU to b e \from constan t 4"

ALUSr cB = 01

� Set ALUcon trol to \+"

ALUOp = 00

� Set the Mux for input to PC to b e \from ALU"

PCSour c e = 00

� Set PCwrite

Note that the result of the addition is also stored in ALUout but, as

w e shall see, this is of no consequence since ALUout is going to b e

written eac h time w e use the ALU.

Instruction deco de and read source register(s)

Only need to select inputs for ALU (to compute branc h target ad-

dress), resp ectiv ely \from PC"

ALUSr cA = 0

and \from immediate, sign-extended, shift left 2"

ALUSr cB = 11

and tell the ALU to do a \+"

ALUOp = 00

Note that the writing of temp orary registers A and B do es not need

to b e con trolled. It can happ en at ev ery cycle without problem since

con ten ts of register �le and of IR are not c hanged. When w e need

the v alues of A and B, the m uxes con trolling the sources to the ALU

will b e set appropriately .

Concept of \state"

During the �rst and second cycles, the signals sen t b y the con trol

unit where indep ende n t of the instruction b eing executed.

During the 3rd cycle, though, the op co de is going to direct:

� What con trol lines to assert (it will b e di�eren t for a load, an

add, a branc h etc.)

� What is to b e done at the next cycle (could b e access memory ,

write a register, start fetc hing a new instruction etc.)

Th us at eac h cycle, the con trol unit is going to b e put in a giv en

state. The op co de and the curren t state will de�ne the transition to

the next state.

The con trol unit is implemen ted as a �nite-state machine (cf. CSE

370, CSE 322).

The �rst t w o states

Since the data o w is the same for all instructions in the Instruction

fetc h cycle, there is only one state, State 0, asso ciated with that

cycle.

When the con trol is in State 0, the next state is alw a ys the unique

state, sa y State 1, in the Instruction deco de - Read register cycle

The notation that w e will use is as b elo w:

MemRead

IorD=0

IRWrite

ALUOp = 00

PCWrite

Start

PCSource=00

(no label means this transition is always taken)

ALUSrcA = 0

ALUSrcB = 11

ALUOp = 00

ALUSrcA=0

ALUSrcB =01

Instruction Fetch Instruction decode/Read registers

(State) 0 1

T ransition from State After the instruction deco de / register read cycle, the data w dep end on the yp e of instruction. In the subset of the ISA e lo at, e e 4 yp 1. Load-Store (still need to compute the address and to access memory

, and in the case of a load to write a 2. Register-Register (still need to compute a result and write it a 3. h (still need to compute the result of the condition and need b e hange the 4. Unconditional jump (still need to hange the The transition will b e dictated y the op co 7

Finite State Mac hine { T ransition from State

MemRead

IorD=0

IRWrite

ALUOp = 00

PCWrite Start PCSource=00 ALUSrcA = 0ALUSrcB = 11ALUOp = 00 ALUSrcA=0

ALUSrcB =01 1 opcode = "jump" opcode = "branch" opcode = "R-R" opcode "mem. operation" 0 2 6 9 8 8

State 2: Memory address Set the inputs to the ALU and the ALUOp, ALUSr cA = 1 (A ALUSr cB = 10 (immediate �eld sign ALUOp = 0 T ransition from State 2 dep ends on whether e e a (State 3) or a Store (State 9

State 5: Memory write (corresp onds to a op The signals IorD = 1 (the address of where to write comes from Set Note that what to write has b een sitting in Register B. It as there in the Instruction deco de cycle and written again during memory address calculation cycle but since what as in IR and register �le has not b een mo di�ed, it’s the same v

Since the instruction is completed, e ys transfer from State k to State 0, i.e., e are going to h the next 10

Multiple cycle implemen tation: the whole Data path with trol lines: Figure trol Unit { Finite State hine: Note that some instructions e 3 cycles, some e 4, some e 11

Hardwired implemen tation of the con trol In single cycle tation, e Input (Op co de + function bits) ) binational circuit ) signals (data w e need to add State, i.e., a register that tains the state. Input (Op co de + function bits + t state) ) circuit ) Output signals (data path + setting next

....

from instruction

(opcode + function)

State reg.

Inputs

3 to data path for transition to next state

Outputs

Combinational logic

Since we have 9 states, we have a 4 bit state register

12