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Motivation
● Code size is more important for embedded systems

● Traditional optimizations are designed to minimize execution time

● Developers can tolerate longer compile times 

● Interplay between optimizations depends on the program

● Take exponential time to find optimal solution



Why GA is Good?
● Exponential time and space makes it impossible to find optimal 

solution

● Easy evaluation function

● Objective function is discrete and nonlinear

● Can be run on a program-by-program basis

(even module-by-module)



Optimization Passes

1. Constant propagation (cprop)

2. Dead Code Elimination (dead)

3. Empty Basic Block removal (clean)



Optimization Passes

4. Global Value Numbering (valnum)

5. Lazy Code Motion (lazy)

6. Partial Redundancy Elimination (partial)

7. Peephole Optimization (combine)

8. Reassociation (shape)

9. Register Coalescing (coalesce)

10. Operator Strength Reduction (strength)



● Genetic algorithm is a black box optimizer

● Genetic algorithm is a search inspired by Darwinian Evolution 
Principle  
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● Genetic algorithm is a black box optimizer

● Genetic algorithm is a search inspired by Darwinian Evolution 
Principle  
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Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

○ (In this work, gene = opt flag)

○ (In this work, chromosome = opt sequence)

○ L = 12 in this work, i.e. only conisder opt seq with size 12.

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.
Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

○ N=20 in this work.

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ The evaluated objective f(x) is called fitness.

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x3= ‘00212210221’

f(x2)=1
f(x1)=9

f(x3)=-9



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ Elicitism: (μ, λ)-selection

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x2= ‘21212110221’

selected

replaced



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ 2-point crossover: Discover new candidate solution from 2 

chromosomes

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x2= ‘21212110221’

segmented



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ 2-point crossover: Discover new candidate solution from 2 

chromosomes

Gene pool: {0, 1, 2}

x1= ‘01121210020’

x2= ‘21212110221’

x2= ‘21212110221’

segmented



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ 2-point crossover: Discover new candidate solution from 2 

chromosomes

Gene pool: {0, 1, 2}

x3= ‘21212110020’

x4= ‘01121210221’

x2= ‘21212110221’

Swapped !



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ Discover new candidate solution from 1 chromosome.

Gene pool: {0, 1, 2}

x3= ‘21212110020’

x4= ‘01121210221’

x2= ‘21212110221’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Evaluation-> Selection->Crossover->Mutation

○ Discover new candidate solution from 1 chromosome.

○ Flip genes with some probability.

Gene pool: {0, 1, 2}

x3= ‘20212110120’

x4= ‘01101210221’

x2= ‘21212110211’



Genetic algorithm: Genetic encoding & Operators
● A solution x is represented by a chromosome

○ A vector with L genes

● Initialize: Randomly generate N chromosomes

○ N chromosomes are called population.

● Genetic algorithm generation: Update the population 

○ Iterative update until average fitness converges

Gene pool: {0, 1, 2}

x3= ‘20212110120’

x4= ‘01101210221’

x2= ‘21212110211’



Genetic algorithm: Why it works
● Problem structure & GA encoding: Let’s consider a simple 

objective function f(x) = sum(xi), x is binary vector.

○ X1=10011010, f(X1) = 4; X2=11111110, f(X2) = 7



Genetic algorithm: Why it works
● Problem structure & GA encoding: Let’s consider a simple 

objective function f(x) = sum(xi), x is binary vector.

○ X1=10011010, f(X1) = 4; X2=11111110, f(X2) = 7

○ Segment ‘..1..’ is a good schemata that need to be preserved to 

form a better candidate -> Selection + Crossover !



Experiment
● Fortran

○ fmin, rkf45, seval, solve, svd, urand, zeroin

● C code

○ adpcm, compress, fft, dfa, dhrystone, nsieve

● 1000 generations / 1 day



Optimizing with GA



Optimizing with GA
Static operation



Optimizing with GA
Dynamic operation



Optimizing with GA
# of generation



Optimization Sequence found by GA



Optimization Sequence found by GA

duplicated?



Optimization Sequence found by GA

rnldoncvconv



Optimization Sequence found by GA
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rldoncvconv
rndoncvconv
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rnldoncvcnv
rnldoncvcov
rnldoncvcon

12



Optimization Sequence found by GA
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Optimization Sequence found by GA
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GA against fixed sequence
● System default that produces low dynamic operation counts

○ rvzcodtvzcod

● Observations of optimization sequences returned by the GA

○ nodvcodvs



GA against fixed sequence



GA against fixed sequence



Conclusion
● Program-specific optimization sequence

● Reduction of code size up to 40%



Discussion
● Compare to known optimization flag O2, O3

● Convergence too slow

● Different fitness function

○ Execution time, power consumption


