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Why Parallware?

-O2 -march=native -mtune=native -ftree-vectorize 0.25 s

-O2 -march=native -mtune=native -ftree-vectorize 0.27 s

manages race 
conditions 
with...

OpenMP 
pragma 
atomic

-O2 -march=native -mtune=native -ftree-vectorize -fopenmp 0.359 s 0.7x

-O2 -march=native -mtune=native -ftree-vectorize -fopenmp 0.3470 s 0.78x

OpenMP 
privatization 
of arrays

-O2 -march=native -mtune=native -ftree-vectorize -fopenmp 0.1172 s 2.13x

-O2 -march=native -mtune=native -ftree-vectorize -fopenmp 0.1177 s 2.29x

Multiplication of 
Transposed Sparse 
Matrix by Vector

Test system: Intel® Core™ i7-4770 CPU @ 3.40GHz
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What is Parallware?
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Parallelization of (sequential) source code 
with minimal user-provided compiler hints
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Parallware Software Architecture
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Parallware Software Architecture
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Collect semantic information 
about the source code by 
analyzing the LLVM IR



Parallware Software Architecture
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… in order to create an LLVM 
IR that closely represents the 
original source code



Parallware Software Architecture
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… and Parallware requires full 
details about front-end tokens

… and Parallware requires an LLVM IR that 
represents all source code variables and 
their uses



Mem2reg Value propagation
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int f() {
    int x = 1;
    int y = x;
    int z = y + 2;
    return z;
}

define i32 @f() local_unnamed_addr #0 !dbg !7 {
%1 = add nsw i32 1, 2
ret i32 %1

}

- Mem2reg removes the LLVM instructions AllocaInst/LoadInst/StoreInst of scalar variables converted into SSA form.

- Parallware semantic engine needs to analyze the computations of all variables in order to generate OpenMP pragmas/clauses.
- Key information to determine the data scoping of variable (e.g., shared, private, reduction, firstprivate, lastprivate).

define i32 @f() #0 {
%1 = alloca i32, align 4
%2 = alloca i32, align 4
%3 = alloca i32, align 4
store i32 1, i32* %1, align 4
%4 = load i32, i32* %1, align 4
store i32 %4, i32* %2, align 4
%5 = load i32, i32* %2, align 4
%6 = add nsw i32 %5, 2
store i32 %6, i32* %3, align 4
%7 = load i32, i32* %3, align 4
ret i32 %7

}



LLVM/Clang ABI Implementation
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struct S {
int f[4];

};

void f(struct S s) {
s.f[2] = 3;
return;

}

%struct.S = type { [4 x i32] }

define void @f(i64, i64) #0 {
%3 = alloca %struct.S, align 4
%4 = bitcast %struct.S* %3 to { i64, i64 }*
%5 = getelementptr inbounds { i64, i64 }, { i64, i64 }* %4, i32 0, i32 0
store i64 %0, i64* %5, align 4
%6 = getelementptr inbounds { i64, i64 }, { i64, i64 }* %4, i32 0, i32 1
store i64 %1, i64* %6, align 4
%7 = getelementptr inbounds %struct.S, %struct.S* %3, i32 0, i32 0
%8 = getelementptr inbounds [4 x i32], [4 x i32]* %7, i64 0, i64 2
store i32 3, i32* %8, align 4
ret void

}

- Source code data types are not always preserved by clang CC1
- Clang CC1 changes procedure’s signature to be conformant with the target Application Binary Interface (ABI)

- In order to generate OpenMP pragmas/clauses, Parallware needs to determine the signature of all the source code procedures.



Short-circuit evaluation complexity
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int f(int x, int y) {
    if ( x && y ) {
        return 2;
    } else {
        return 3;
    }
}

define i32 @f(i32, i32) #0 {
...
%6 = load i32, i32* %4, align 4
%7 = icmp ne i32 %6, 0
br i1 %7, label %8, label %12

; <label>:8:                ; preds = %2
%9 = load i32, i32* %5, align 4
%10 = icmp ne i32 %9, 0
br i1 %10, label %11, label %12

; <label>:11:         ; preds = %8
store i32 2, i32* %3, align 4
br label %13

; <label>:12:         ; preds = %8, %2
store i32 3, i32* %3, align 4
br label %13

; <label>:13:         ; preds = %12, %11
%14 = load i32, i32* %3, align 4
ret i32 %14

}

- Clang CC1 expands expressions as a set of BasicBlocks that evaluate the expression according to the C/C++ standard.
- Examples: short-circuit evaluation, ternary operator

- In order to perform data flow analysis efficiently in large source codes, Parallware reduces the complexity of the Control Flow Graph of the LLVM IR.
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LLVM/Clang ABI Implementation
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struct S {
int f[16];

};

struct S f() {
struct S s;
s.f[2] = 3;
return s;

}

define void @f(%struct.S* noalias sret) #0 {
%2 = alloca %struct.S, align 4
%3 = getelementptr inbounds %struct.S, %struct.S* %2, i32 0, i32 0
%4 = getelementptr inbounds [16 x i32], [16 x i32]* %3, i64 0, i64 2
store i32 3, i32* %4, align 4
%5 = bitcast %struct.S* %0 to i8*
%6 = bitcast %struct.S* %2 to i8*
call void @llvm.memcpy.p0i8.p0i8.i64(i8* %5, i8* %6, i64 64, i32 4, i1 false)
ret void

}



Short-circuit evaluation complexity
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int f(int x, int y) 
{

return x && y;
}

define i32 @f(i32, i32) #0 {
%3 = alloca i32, align 4
%4 = alloca i32, align 4
store i32 %0, i32* %3, align 4
store i32 %1, i32* %4, align 4
%5 = load i32, i32* %3, align 4
%6 = icmp ne i32 %5, 0
br i1 %6, label %7, label %10

; <label>:7: ; preds = %2
%8 = load i32, i32* %4, align 4
%9 = icmp ne i32 %8, 0
br label %10

; <label>:10: ; preds = %7, %2
%11 = phi i1 [ false, %2 ], [ %9, %7 ]
%12 = zext i1 %11 to i32
ret i32 %12

}



Short-circuit evaluation complexity
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int g(int x);

int f(int x, int y) {
    return x ? g(x) : g(y);
}

define i32 @f(i32, i32) #0 {
%3 = alloca i32, align 4
%4 = alloca i32, align 4
store i32 %0, i32* %3, align 4
store i32 %1, i32* %4, align 4
%5 = load i32, i32* %3, align 4
%6 = icmp ne i32 %5, 0
br i1 %6, label %7, label %10

; <label>:7: ; preds = %2
%8 = load i32, i32* %3, align 4
%9 = call i32 @g(i32 %8)
br label %13

; <label>:10: ; preds = %2
%11 = load i32, i32* %4, align 4
%12 = call i32 @g(i32 %11)
br label %13

; <label>:13: ; preds = %10, %7
%14 = phi i32 [ %9, %7 ], [ %12, %10 ]
ret i32 %14

}


