
Branch 
prediction



if s != t:

   infrequent code

else:

    frequent code

How should we compile this?

(assume s in reg s0, t in reg t0)

lbli: infrequent code

...

lblf: frequent code

...



Evolution of fetch/pre-decode 
circuit (so far)



What could happen to the BTB here?
void funcA(...) { helper(...); }
void funcB(...) { helper(...); }

int helper(...) {
   ...
   return …; // either to funcA or to funcB
}



Small memory object managed by pre-decode

Pushes guess of link register value (previous PC) for link-style instructions 
(eg JAL with rd != x0)

Separate from software-managed stack (which often tracks the 
ground truth of the return address)

Upon a JALR, pops and gives that value to fetch (assumes JALR is a return 
with the previous linked register value as destination)

Still speculative! Same mechanism applies as branch outcome 
misprediction, BTB misprediction

Return Address Stack (RAS)



Can we do 
better??



Dynamic branch prediction
CPU can choose to predict branch is taken OR branch is not taken based 
on information it tracks about the instruction at that PC

How? 



0x100   addi t0, x0, 0     // t0 = 0
0x104   addi t1, x0, 400   // t1 = 400
0x108   l1: addi t2, x0, 3 // t2 = 3
0x10c   l2: addi t0, t0, 1 // t0++
0x110   addi t2, t2, -1    // t2--
0x114   bne t2, x0, l2     // loop while t2 > 0
0x118   slli t0, t0, 1     // t0 <<= 1
0x11c   addi t1, t1, -1    // t1--
0x120   bne t1, x0, l1     // loop while t1 > 0

Double-loop code



Works great for outer loop (one misprediction and then 400 correct 
predictions)

Works less great for inner loop:

1-bit BPB entry



2 bits can keep track of 4 states: strong taken, weak taken, weak not taken, 
strong not taken

Keeps some of history (means branch prediction needs to be wrong twice 
instead of once before changing) – works better for the inner loop!

2-bit BPB entry



if (x == 2) // branch A

    x = 0;

if (y == 2) // branch B

    y = 0;

if (x != y) // branch C

    …

 

Correlated branches

A taken and B taken 
implies C not taken!
→ branch outcomes 

are often not 
independent of each 

other



? ? ?
What is the simplest possible way to try to 

predict correlated branches?



Global predictors



Correlating predictors



H&P fig 3.3



Tournament branch predictors
Run local predictors and global predictor

Keep track of which one is doing better (using eg 2-bit predictor!) and use 
that one for each branch

H&P fig 3.4



? ? ?
Why not just throw advanced machine 

learning at the problem?



Perceptron paper

https://dl.acm.org/doi/epdf/10.1145/3307650.3322217


If time:






