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&b, &f1 ... AOS N

HPC with uniformly structured data

(e.g., n-body simulation, traffic flow simulation) 7N N\
bo.pos_x bg.pos_y bg.vel_x bg.vel_y byor.vel_y Ar:zySOf
SOA memory |ayOUt (QOOd for CaChIng’ &b, &b; &b, ... (fake pointers in valid addressing) SOA 05;:35
vectorization, parallelization) with C++ Notation I S iy ||
Pointer insteads of IDs, Method Calls, new Keyword, Templates, X T :\ X T ‘b\ -
0-POS_X 1.pOS_X 199-POS_X 0-POS_Y 127.vel_y

Member of Object/Pointer Operator, Future work: virtual functions

Object Creation: = new Body(1.0, 2.0); Related Work
= Body::make(10, 1.0, 2.0);

Field Access: p->vel x = p->vel y = 1.5;

VDAl p->move (0.5) ;
forall(&Body: :move, q, 10, 0.5);

class Body : public SOA<Body> {% Results & Main Insights
pUbllc : INITIALIZE_CLASS * Field access (decoding object IDs + calculating memory addresses) is as
float_ pos x; float_ pos y; efficient as array access in hand-written SOA code (strided mem. access).
- - - - Zero Addressing: data_ptr,, ,(ptr) = 0x600400 + 4 * ptr
float_ Vel_x ' f.l-oat_ Vel_y ’ Valid Addressing: datajtrve“:,.(ptr) =-0x11FFCO00 + 4 * ptr ﬂ:::u:ﬁs;é?‘_)gz:i;;r) {
Main Limitation: How well can the compiler ¥
optimize this code? Experiments performed with Zero Addressing.
BOdy ( float X ’ float y) gcc 5.4.0: compiler hints necessary (constexpr)
clang 3.8, 5.0: works for simple examples, loop vectorization fails (because of single buffer array)
po S—X ( X ) z po S—y ( y ) { } Future work: Reimplement with ROSE Compiler (a powerful C++ preprocessor)
VOid move ( float d t ) { Microbenchmark: Iterative Application of Body::move(0.5), Zero Addressing Mode, gcc 5.4.0 (-O3). Identical assembly.
pOS_X = pos_x + Vel X * dt ; s - Kernel invoca tion over head — IkraCpp 12 hi Ikra-Cpp

dominates runnin g time = = Hand-written SOA
—— A0S

= = Hand-written SOA
101 — aos

—  A0S-32

pos y = pos_ y + vel y * dt;

IS

}

}; GPU mode: Use DEVICE_STORAGE.
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HOST STORAGE (Body, 128); e e e S
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Mem. Layout Example

(Zero Addr,, (float) bs.vel x)

L > char buffer[128 * 16];

Large enough to store 128 objects (four float[128] arrays) R e

float_ vel x; o8 | |

field<float, 2, 8> vel x;

0x7C_| [ [ &by

There are various encoding techniques. Need to specify both an 5
encoder (object construction) and a decoder (field access). TR R
a) Zero Addressing: &obj; = id Implement implicit conversion and assignment operator. [
void* Body::operator new() { field<T, idx, offset>::operator T&() { it 02 )

) return (void*) size++; encoder return *data ptr():
int field<T, idx, offset>::id() { IS
Body* ptr = ((char*) this) decoder e

- idx*sizeof(field<...>)); .

return (int) ptr; new keyword
} virtual functions

T* field<T, idx, offset>::data ptr() {
T* arr = (T*) (buffer + 128*offset);
b) Valid Addressing: &obj = buffer + id return arr + id():

More OOP features, but harder to optimize

c) First Field Addressing: &obj 4 = buffer + sizeof(T) * id } (padding area needed for valid + first field addressing)



