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Vanilla Pipeline

Instruction Instr. Decode Execute Memory Write
Fetch Reg. Fetch Addr. Calc Access i Back

> —

Next SEQ PC P Next SEQ PC

ﬁ

RS1

RS2

IR <= mem[PC];

WB Data

PC <= PC + 4 ®
A <= Reg[IR_];

B <= Reg[IR,]

rslt <= A op;z,, B : :

WB <= rslt * Data stationary control

Reg[IR.4] <= WB - local decode for each instruction phase

/ pipeline stage
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Branch Prediction and Speculative Execution
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A control
instr?
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or Not where to?
Taken? What PC-?
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We update the PC based on the outputs of the

branch predictor. If it is perfect, pipe stays full!
Dynamic Predictors: a cache of branch history

Time: t1 t2 t3 t4 t5 t6 +t7 t8
Inst - — EX stage

IF ID @ MEM WB computes

if branch is
I
taken
If we predicted incorrectly,
these instructions MUST NOT

complete!
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Branch Target Buffer

Address of branch instruction Branch instruction
0b0110[...]01001000 BNEZ R1 Loop
30 bits
BranCh Drawn
Branch Target Buffer (BTB) History Table as fully associative
\ 30-bit address tag target address (BHT) to focus

on the essentials.

In real designs, always

direct-mapped.
0b0110[...]0010 | PC + 4 + Loop 2 state

bits At EX stage,
update BTB/BHT,
kill instructions,

if necessary,
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Handling Exceptions

Commit Point
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Inst. Mem Decode Data .
Mem =
_ —
PC address lllegal Opcode Overflow Data ac-zldress :
Exception Exceptions E .
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Select > i — o
Handler PC Kill F Stage Kill D Kill E Asynchronous | =
Stage Stage Interrupts .
- Kill
Writeback



Some More: Out-of-order

Instruction

Fetch

Instr. Decode
Reg. Fetch

Execute

Addr. Calc

Memory
Access

I1: MUL

I2:

I3:

I4: ADD
I5: LOAD
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ADD

DIV

>

Next SEQ PC

P Next SEQ PC

RS1

RS2

Write
Back

- Data stationary control

- local decode for each instruction phase

/ pipeline stage
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Some More: Out-of-order + Multi-Issue (a.k.a superscalar)

Instruction Instr. Decode Execute Memory Write
Fetch : Reg. Fetch : Addr. Calc Access i Back

Next SEQ PC P Next SEQ PC

RS1

RS2

>
ROB
I1: ._
IX: R
Imm
I2:
IZ: STORE
I3: DIV
IY: MUL : t ) )
14: ADD b-stage becomes n-stage in reality
I5: LOAD - -
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Life Cycle of Instruction in Execution

In order

Out of
order

In-order
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v
A

v

PC

v

I-cache

v

Fetch
Buffer

v

Issue
Buffer

Func.
Units

v

Results
Buffer

v

Arch.

State

Fetch: Instruction bits retrieved
from cache.

Decode: Instructions placed in appropriate
issue (aka “dispatch”) stage buffer

Execute: Instructions and operands sent to
execution units.

When execution completes, all results and
exception flags are available.

Commit: Instruction irrevocably updates

architectural state (aka “"graduation” or
"completion”).
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What is Speculative Execution?

value

1. Proceed ahead despite unresolved dependencies using
a prediction for an architectural or micro-architectural

l

2. Maintain both old and new values on updates to
architectural (and often micro-architectural) state

/\

3. After sure that there
was no mis-speculation
and there will be no
more uses of the old
values, discard old
values and just use
new values

OR

3. In event of mis-
speculation, dispose
of all new values,
restore old values,
and re-execute from
point before mis-
speculation
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Superscalar Processor + Speculative Execution

Reorder Buffer (ROB)

Branch prediction :nstr ; CF?mml\;ltted
' nstr eg Ma
and instr fetch Inztr . ngePlp Safaier Bk
l Instr 4 R2-5P2 P1-P64
Instr 5
R1 ¢ R1+R2 ﬂ;nsn °
+
R2 < R1+R3
BEQzR2 || Decode &
R3 ¢ R1+R2 Rename
R1 < R3+R2 T . P33 < PLP2 | — [ary] [aLU] [ALU
Speculative P34 € P33+P3 |
Instr Fetch Queue BEQZ P34 |
Reg Map P35 & P33+P34 Results written to
R15P36 P36 €< P35+P34 regfile and tags
R2=P34 broadcast to IQ
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TLP: Multithreading
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