Notation

cf. Figure 6.18.

The pip eline registers k eeping information b et w een stages are lab elled

b y the names of the stages they connect (e.g., IF/ID, ID/EX etc.).

Information o ws from left to righ t except:

� W riting the result register { P oten tial for data hazard (dep en-

dence)

� Mo difying the PC in case of a successful branc h { P oten tial for

con trol hazard racing one instruction through the 5 stages {

Stage 1

Stage 1: Instruction fetc h and incremen t PC.

This step is iden tical for all instructions.

� Instruction is fetc hed from instruction memory

. It is needed in

follo wing stages. So put it in IF/ID (as it w as put in an IR for

the m ultiple instruction cycle)

� PC is incremen ted. But since it will b e incremen ted at ev ery

cycle b y subsequen t instructions, m ust b e k ept for computing

target address in case w e had a branc h instruction.

Main resources needed: Instruction memory and 1 ALU.

IF/ID con tains: Instruction and incremen ted PC racing one instruction through the 5 stages {

Stage 2

Stage 2. Instruction deco de and register read.

Although at this p oin t the op co de is kno wn, let’s sa v e in register

ID/EX ev erything that migh t still b e needed in later stages.

� The incremen ted PC and the instruction

� The v alues of registers rs and rt (this is equiv alen t to what w as

stored in non-ISA visible registers A and B in the m ultiple cycle

implemen tation)

� The 16 bits of the immediate instruction sign extended. This is

needed if w e ha v e an immediate instruction, a load/store instruc-

tion (to compute the address) and a branc h instruction (note that

w e do not compute the target address in this stage ;w e could and

w e could store the result in ID/EX or ev en optimize further { see

later)

Main resources needed: Register �le

ID/EX con tains: Instruction, incremen ted PC, the con ten ts of the

source registers, a 32-bit immediate v alue racing one instruction through the 5 stages {

Stage 3

Stage 3. This stage really dep ends on the t yp e of instruction b eing

executed. Assume a Load.

This stage will b e \address computation". The ALU sources (rs and

immediate) come from ID/EX. The result of the ALU will b e stored

in EX/EM.

No w, rs, rt, and the o�set �eld are no longer needed (it do es not

seem that the PC is needed either but w e k eep it b ecause of p ossible

exc eptions that w e’ll discuss later in the course). But w e need to

k eep in EX/EM:

� The instruction (or at least the rt �eld to iden tify the register to

write and the indication that w e ha v e a load) and the PC

� The sum of rs and the sign-extended o�set �eld, i.e., the load

address

Main resources needed: ALU (in fact if w e compute the target ad-

dress and the results of the compare, w e need 2 ALU’s)

EX/MEM con tains: ALU result, name of the write register and in-

dication from where that result will come from and the PC (more

needs to b e sa v ed here, e.g., if w e ha v e a \store" instruction).

racing one instruction through the 5 stages {

Stage 4

Stage 4 Still assuming a load. W e need to read from memory and

k eep in MEM/WB the result of what w e read.

F or an arithmetic instruction, w e w ould just forw ard relev an t infor-

mation (e.g., ALU result) from EX/MEM to MEM/WB.

Main resources needed: data memory

MEM/WB con tains: result from the read (or from the ALU in previ-

ous stage), name of write register, and where the data to write comes

from.

racing one instruction through the 5 stages {

Stage 5

Stage 5 W rite bac k. Nothing to b e k ept since last stage.

Summary of requiremen ts for data path for pip eline

(somewhat ideal)

In stages 1 and 2 the information to b e k ept is the same for all

instructions.

But the width of the pip eline registers m ust b e accommo dated to �t

the \maxim um" amoun t of information that needs to b e k ept.

F or example, if w e ha v e a Store instruction, the con ten ts of rs m ust

b e k ept in EX/MEM (this w as not the case for a Load or for an

arithmetic instruction)

Instructions (except branc hes, see later) m ust pass through all stages

ev en if nothing is done in one stage.

Con trol (highly abstracted)

Control

IF/ID ID/EX EX/MEM MEM/WB

Where are con trol lines needey simple in the case of an ideal pip Cf. Figure 9

Con trol (Ideal trol signals ust b e split among the 5 stages but there is no for additional trol (at least for the � Stage 1: nothing sp ecial to trol (read instruction and t PC are asserted at h � Stage 2: same thing ery cycle. No sp ecial � Stage 3: trol signals for ALUsrc and ALUop are needed. trol signal for Regdes h register is to b e written) has b e passed along to wing � Stage 4: trols for memory read or memory write and also hes are asserted � Stage 5: trol for what to write (memory output or sult) and trol to assert Regwrite are needed 10