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Vanilla Pipeline
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Branch Prediction and Speculative Execution
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Branch Target Buffer

0b0110[...]01001000

2 state 

bits

Branch 

History Table 

(BHT)target address

Branch Target Buffer (BTB)

PC + 4 + Loop

30-bit address tag

0b0110[...]0010

Address of branch instruction

Drawn 
as fully associative 

to focus 
on the essentials. 

In real designs, always
direct-mapped.

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

if necessary,

Branch instruction

BNEZ R1 Loop
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30 bits



Handling Exceptions
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Some More: Out-of-order
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Some More: Out-of-order + Multi-Issue (a.k.a superscalar)
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Life Cycle of Instruction in Execution
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What is Speculative Execution?
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Superscalar Processor + Speculative Execution 
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Branch prediction

and instr fetch

R1  R1+R2

R2  R1+R3

BEQZ R2

R3  R1+R2

R1  R3+R2

Instr Fetch Queue

Decode &
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P36  P35+P34

ALU ALU ALU

Register File
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Results written to

regfile and tags
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TLP: Multithreading
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