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Copy-and-Pasted Code
int c = 4; 
int d = 5; 
c = c + 1; 
d = c + 2; 
d = c * 3; 
d = 4 + d;

int c = 4; 
int d = 5; 
c = c + 1; 
d = c + 2; 
d = c * 3; 
d = 4 + d;

. . .



Same Sequences of Operations
int c = 4; 
int d = 5; 
c = c + 1; 
d = c + 2; 
d = c * 3; 
d = 4 + d;

int f = 4; 
int e = 5; 
e = e + 1; 
f = e + 2; 
f = e * 3; 
f = 4 + f;

. . .



int fn(const std::vector<int> &myVec) { 
    for (auto it = myVec.begin(), 
      et = myVec.end(); it != et; ++it) { 
        if (*it & 1) 
            return 0; 
    } 
    return 1; 
}

int fn(const std::vector<int> &myVec) { 
    for (const int &x : myVec) { 
        if (x % 2) 
            return 1; 
    } 
    return 0; 
}



int fn(const std::vector<int> &myVec) { 
    for (auto it = myVec.begin(), 
      et = myVec.end(); it != et; ++it) { 
        if (*it & 1) 
            return 0; 
    } 
    return 1; 
}

int fn(const std::vector<int> &myVec) { 
    for (const int &x : myVec) { 
        if (x % 2) 
            return 1; 
    } 
    return 0; 
}



int fn(const std::vector<int> &myVec) { 
    for (auto it = myVec.begin(), 
      et = myVec.end(); it != et; ++it) { 
        if (*it & 1) 
            return 0; 
    } 
    return 1; 
}

int fn(const std::vector<int> &myVec) { 
    for (const int &x : myVec) { 
        if (x % 2) 
            return 1; 
    } 
    return 0; 
}

%11 = load i32, i32* %10, align 4 
%12 = and i32 %11, 1 
%13 = icmp eq i32 %12, 0 
%14 = getelementptr inbounds i32, i32* %10, i64 1 
br i1 %13, label %7, label %15



LLVM Test Suite

3.8%
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IR Similarity Identifier
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IR Mapping

%b = load i32, i32* %a, align 4 



IR Mapping

%b = load i32, i32* %a, align 4 

Opcode



IR Mapping

%b = load i32, i32* %a, align 4 

Opcode

Instruction Type



IR Mapping

%b = load i32, i32* %a, align 4 
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IR Mapping

%b = load i32, i32* %a, align 4 
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Substring Detection
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Structural Analysis

A ❓ ❓A A
%0 = load i32, i32* %c 
%add = add i32 %0, 1 
store i32 %add, i32* %c 

%0 = load i32, i32* %d 
%add = add i32 %0, 1 
store i32 %add, i32* %d 

%0 = load i32, i32* %d 
%add = add i32 %0, 1 
store i32 %add, i32* %e 



Structural Analysis

%0 = load i32, i32* %a 
%add = add i32 %0, 1 
store i32 %add, i32* %a 
%1 = load i32, i32* %b 
%add1 = add i32 %1, 2 
store i32 %add1, i32* %c

%0 = load i32, i32* %c 
%add = add i32 %0, 1 
store i32 %add, i32* %c 
%1 = load i32, i32* %b 
%add1 = add i32 %1, 2 
store i32 %add1, i32* %d

Candidate A Candidate B



Structural Analysis

%0 = load i32, i32* %a 
%add = add i32 %0, 1 
store i32 %add, i32* %a 
%1 = load i32, i32* %b 
%add1 = add i32 %1, 2 
store i32 %add1, i32* %c

%0 = load i32, i32* %c 
%add = add i32 %0, 1 
store i32 %add, i32* %c 
%1 = load i32, i32* %b 
%add1 = add i32 %1, 2 
store i32 %add1, i32* %d

Candidate A Candidate B



Structural Analysis

✅ ❌A A A
%0 = load i32, i32* %c 
%add = add i32 %0, 1 
store i32 %add, i32* %c 

%0 = load i32, i32* %d 
%add = add i32 %0, 1 
store i32 %add, i32* %d 

%0 = load i32, i32* %d 
%add = add i32 %0, 1 
store i32 %add, i32* %e 



Structural Analysis

A A A
%0 = load i32, i32* %c 
%add = add i32 %0, 1 
store i32 %add, i32* %c 

%0 = load i32, i32* %d 
%add = add i32 %0, 1 
store i32 %add, i32* %d 

%0 = load i32, i32* %d 
%add = add i32 %0, 1 
store i32 %add, i32* %e 
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Applications



LLVM-Sim

LLVM-Sim



LLVM-Sim

LLVM-SimSimilarity Groups



LLVM-Sim

LLVM-SimSimilarity Groups Similarity Report



LLVM-Sim

IR Source Files

LLVM-Sim

   define i32 @main() #0 { 
   entry: 
     . . . 
4:   store i32 4, i32* %c, align 4 
5:   store i32 5, i32* %d, align 4 
6:   %0 = load i32, i32* %c, align 4 
7:   %1 = load i32, i32* %d, align 4 
8:   %add = add nsw i32 %0, %1 
9:   store i32 %add, i32* %c, align 4 
     . . . 
10:  store i32 4, i32* %e, align 4 
11:  store i32 5, i32* %f, align 4 
12:  %2 = load i32, i32* %e, align 4 
13:  %3 = load i32, i32* %f, align 4 
14:  %add1 = add nsw i32 %2, %3 
15:  store i32 %add1, i32* %e, align 4 
16:  ret i32 0 
   }

{ 
  1: [{“s": 4, "e": 9}, 
      {“s": 10, "e": 15}], 
  2: [{"s": 5, "e": 9}, 
      {"s": 11, "e": 15}], 
  3: [{"s": 6, "e": 9}, 
      {"s": 12, "e": 15}], 
  4: [{"s": 7, "e": 9}, 
      {"s": 13, "e": 15}], 
  5: [{“s": 8, "e": 9}, 
      {“s": 14, "e": 15}] 
}



LLVM-Sim

IR Source Files
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IR Outliner



IR Outliner

IR OutlinerSimilarity Groups



IR Outliner

IR OutlinerSimilarity Groups Outlined Code



IR Outliner

%0 = load i32, i32* %c  
%add2 = add i32 %0, 2 
%1 = load i32, i32* %d  
%add3 = add i32 %1, 3  

%sub = sub i32 %add, %v    

%div = div i32 %add3, %v    

%0 = load i32, i32* %a  
%add = add i32 %0, 2 
%1 = load i32, i32* %b 
%add1 = add i32 %1, 3     



IR Outliner

call void @outlined.2(i32*     
  %a, i32* %b, i32* %output2) 
%add3 = load i32, i32* %output2

%sub = sub i32 %add, %v    

%div = div i32 %add3, %v    

call void @outlined.1(i32*     
  %a, i32* %b, i32* %output1) 
%add = load i32, i32* %output1



IR Outliner

%sub = sub i32 %add, %v    

%div = div i32 %add3, %v    

define internal void @outlined_function( 
  i32* %a, i32* %b, i32* %output, i32 %4) {

}

%entry: 
  %0 = load i32, i32* %a, align 4  
  %add = add i32 %0, 2 
  %1 = load i32, i32* %b, align 4  
  %add1 = add i32 %1, 3    

%output: 
  store i32 %add, i32* %output      
%output_1: 
  store i32 %add, i32* %output      

switch i32 %4, label %final 
    [ i32 0, label %output 
      i32 1, label %output_1] call void @outlined_function(i32*     

  %a, i32* %b, i32* %output2, i32 1) 
%add3 = load i32, i32* %output2

call void @outlined_function(i32*     
  %a, i32* %b, i32* %output1, i32 0) 
%add = load i32, i32* %output1



IR Outliner



IR Outliner

1% Average Reduction - LLVM Test Suite



IR Outliner

1% Average Reduction - LLVM Test Suite

1.3% Average Reduction - CTMark



IR Outliner
CT Mark Reductions
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Related Work

• 2016 - Machine Outliner



Related Work

• 2016 - Machine Outliner


• 2017 - IR Outliner



Future Work

• Encompass current Machine Outliner


• Expand to other levels of the compiler 
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