
The speculative 
algorithm



Four stages of execution
Issue

If reservation station and ROB available, issue to both; update control entries

Execute

If operands available, execute instr; otherwise wait (for stores: this stage only 
computes effective address)

Write

When result is available, send on CDB (update ROB, reservation stations)

Commit (for whatever instruction is at head of ROB)

If normal commit or store: update register/memory and remove instr from ROB

If incorrectly predicted branch: flush ROB and reservation stations, fetch correct instr





? ? ?
When should we execute loads?





Can we do 
better than 
“assume branch 
not taken”?



Backwards and forwards branches
while(guard) {

    ...

}

loop: bne s0 s1 end

...

j loop

end: ...

j start

loop: ...

...

start: beq s0 s1 loop

Backwards branches are very 
frequently taken (~90% by 

some counts), mostly because 
this is how loops are compiled

Forwards branches are a coin 
flip without any other 

information

branch and jump 
every iteration 

(yuck!)

preferable 
compilation





? ? ?
What’s the problem with assuming backwards 

branch taken? (Hint: think about why 5s 
executed as if branch wouldn’t be taken by 

default)



For PC-relative instructions 
(RISCV: bne, jal): can compute 
branch/jump target address to 
fetch target instruction in next 
cycle

Also does things like detect 
instruction sizes (basically 
bare-minimum decode to 
inform fetch unit)

Why doesn’t this work for 
register-relative instructions 
(jalr)?

Pre-decode BTB
Branch Target Buffer

A fast cache for branch/jump 
target addresses (indexed by 
current PC)

Pre-decode reads from the BTB 
and gives address to fetch unit

If BTB is wrong: flush the ROB and 
refetch

When do we update the BTB?




