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Programs 
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• Programs = set of instructions to perform a 
task 

• Types of instructions: 
• Data modification  
• Control flow



Control-flow Instructions

If…else… Loops:
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while, do…while, for

CONDITION CONDITION

BODY

 REST OF  
PROGRAM

BODY

 REST OF  
PROGRAM

IF FALSE IF FALSE

IF TRUE IF TRUE
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  for i in batch { 
    oven.preheat() 
    bowl.add(dry_ingredients) 
    bowl.mix() 
    .... 
    cookies.bake() 
  }

Programming Language Machine Language

COMPILER



Example: Optimize Baking Time
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For each batch:  
Preheat oven 
Mix dry stuff …



Example: Optimize Baking Time

For each batch:  
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Mix dry stuff…

For each batch:  
Preheat oven 
Mix dry stuff …

Preheat oven

Preheat oven 

peel unnecessary 
 instruction



Loop Invariant Code Motion (LICM)

• Peeling: move commands that do not change within the 
loop  to occur before the loop   
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i = 0; 
while (i < n) { 
     w = 20; 
 x = y + z; 

i++; 
}



Loop Invariant Code Motion (LICM)

• Peeling: move commands that do not change within the 
loop  to occur before the loop   
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i = 0; 
while (i < n) { 
     w = 20; 
 x = y + z; 

i++; 
}

while (i < n) { 

i++; 
}

 w = 20; 
 x = y + z;

 w = 20; 
 x = y + z;

i = 0;



INPUT OUTPUT
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Proof of Equivalence

Performs specified task(s) Performs specified task(s)

Runs at a slower speed Runs at a faster speed

• Guarantee the optimized program performs the 
same tasks as the original 



Algorithm Definition
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Algorithm Snippet
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Application

• Simplification 
• Automatically generated 
• No conflict
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Results

•Improve original implementation  
•Added tests 
•Overall goal = tranform 
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Limitations

• Proof of concept: 
• Programming language = C  
• Only certain types of instructions 
• Rest are ignored
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Future work

• Add optimization to compiler  
• Parallelization: split loops to run 

simultaneously 
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i = 0, j = 10, k = 0; 
while (i < n) { 

j=j-1; 
k=k+1; 
i=i+1; 

}

while (i < n) { 
k=k+1; 
i=i+1; 

}

i = 0, j = 10, k = 0; 
while (i < n) { 

j=j-1; 
i=i+1; 

}



Conclusion 

• Method for removing unnecessary instruction 
from loops   
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Thank you! 


