Dra wbac ks of single cycle implemen tation

A single cycle mac hine has disadv an tages suc h as:

1. All instructions tak e the same time (CPI = 1) but some instruc-

tions in fact are shorter than others, for example:

� an ADD uses, in order, Instruction memory

, Register �le,

ALU, and Register �le again

� a L

W uses Instruction memory

, Register �le, ALU, Data

memory

, and Register �le.

2. Some com binational units m ust b e replicated since used in the

same cycle

Alternativ e to single cycle implemen tation

An alternativ e is to ha v e a shorter cycle and ha v e eac h instruction

executing in m ultiple shorter cycles.

The shorter cycles will b e determined b y the dela y of individual func-

tional units.

W e should b e able to streamline the resources since w e migh t b e able

to reuse the same unit at di�eren t cycles.

W e will ha v e to add some registers (not visible at the ISA lev el) since

some information has to b e k ept from one cycle to the next.

Multiple cycle implemen tation

Break up the \instruction execution cycle" in a sequence of steps.

1. Instruction fetc h

2. Instruction deco de and source register(s) read

3. ALU execution

4. Memory access (read/write) or ALU completion (write result

register)

5. W rite bac k register in case of a Load instruction

Instruction fetc h

Instruction fetch. W e need an Instruction Register (IR) to hold the

curren t instruction since the information in the instruction will b e

needed in subsequen t cycles.

1. IR Memory[PC]

2. PC PC + 4

R esour c es A t this p oin t, there is no need to distinguish b et w een

Instruction and Data memory . W e can also use the ALU to incremen t

the PC.

W e need to ha v e an IR, a register in the pro cessor but not one that

is visible to the ISA.

Instruction deco de and read source register(s)

Instruction de c o de and r e gister fetch. Let A corresp ond to Input

1 of ALU and B corresp ond to Input 2.

1. A Reg[IR[25:21]] (i.e., read rs)

2. B Reg[IR[20:16]] (i.e., read rt)

3. ALUout PC + (sign-extend(IR[15:0]*4) (just in case w e had

a branc h)

R esour c es W e need t w o non-ISA-visible registers A and B since there

con ten ts is needed for execution (in the next cycle).

Since the register fetc h is not using the ALU, let’s use the ALU to

compute the target address of a branc h, just in case w e had a branc h!

The target address will b e put in a non-ISA- visible register ALUout.

ALU execution (either arithmetic or address

computation)

ALU exe cution or Memory addr ess c omputation or Br anch ad-

dr ess setting

If the instruction is R-t yp e

� ALUout A op. B

If the instruction is Memory (Load-Store) or Immediate

� ALUout A + sign-extend(IR[15:0])

If the instruction is Branc h (and successful)

� If (A = B) then PC ALUout (note this is the v alue of the

ALUout computed in the previous cycle)

R esour c es The ALUout (non-ISA-visible register) is needed for pass-

ing the v alue of the computation to the next step.

Of course, the ALU is needed also!

Memory access or ALU completion (write result

register)

Memory ac c ess or ALU c ompletion

� If Load: Memory-data Memory[ALUout]

� If Store: Memory[ALUout] B

� If arithmetic: Reg[IR[15:11]] ALUout

R esour c es Memory and a non-ISA-visible register Memory-data in

case of a Load.

Load completion

� Reg[IR[20:16]] Memory-data

Streamlining of Resources (cf. Figure 5.31)

W e ha v e \streamlined" the n um b er of resources:

� No distinction b et w een Instruction and Data Memory

� Only one ALU

� A few more MUXes (e.g., one is needed for the memory address)

and temp orary registers (e.g., IR) with their con trol.