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« MT issue: Warp scheduler/Dispatch Unit
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C++

AU
BN R
cN - I

int main()

{

//Initialization

for (inti=0;i <N;i++);
C[i] = A[i] + Hi];
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$ S % 3 3 38 cubA

A[N] ...... // CUDA Kernel
BIN] BHEEEEE
v

{

}

__global__void VecAdd(float* A, float* B, float™* C)

int i = threadldx.x;
C[i] = A[i] + B[i];

N<M
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* Warp

Warp Scheduler

Kernel

Instruction Dispatch

Instruction O
Instruction 1 Warp 1 instruction O

Instruction 2

Instruction 3 Warp 1 instruction 2

Instruction 4

Warp 1 instruction 3

Warp 0 instruction 4
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« Warp divergence

* Latency hiding
 Algorithmic instruction latency
« Memory instruction latency
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 Warp divergence
« if...else, for, while

s TXHE — EARR?

CUDA kernel

__global _void kernel(float* ¢) {
int tid = blockldx.x* blockDim.x + threadldx.x,
float a = 0.0f;
__floath=00f __ ______
P77 i (tid % 2 == 0) {
a=100.0f;

v

\
HESESN -

r
|
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|
|
|
|
|
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|
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|
|
|
|
|
|
|
L
#

c[tid] =a + b;

] else [] stall exe
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 Warp divergence
« if...else, for, while

e
o
T EE Waro 0
CUDA kernel 0 16 2
__global _void kernel(float* ¢) { ................
ilnt tid z [(;](O)Ekldxx* blockDim.x + threadldx.x; ................
oot 01 EEEEEEREEEEEEEEE
AEEEEAEEESEEEEES
Jse EEEEEEEEEEEEEEEE
y e EEEEEEEEEEEEEEEE
cltid] = a + b EEEEEEEEEEEEEEEE
} Illlllllllllllll

] else [] stall exe
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 Warp divergence
« if...else, for, while

e
o
T EE Warp 1
CUDA kernel 0 16 2
__global _void kernel(float* ¢) { ................
ilnt tid z [(;](O)Ekldxx* blockDim.x + threadldx.x; ................
oot 01 EEEEEEEEEEEEEEEE
AEEENSEEEaEEEEE.
Jse EEEEEEEEEEEEEEEE
y e EEEEEEEEEEEEEEEE
cltid] = a + b EEEEEEEEEEEEEEEE
} Illlllllllllllll

] else [] stall exe
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 Latency
« Algorithmic instruction
latency(10-20 cycle) Warp Scheduler
« Memory instruction latency (400- Instruction Dispatch
800 cycles)

* Occupancy
« EASMIAEZIZEAL (wrap)
AT IEFFFIRASAIEL f5

Warp 0 instruction O Warp 1 instruction O

Warp 1 instruction 1

. S— febe AL — —_ Warp 0O instruction 1 Warp 1 instruction 2
- BEAliS, SHPTEANRIT
ﬁﬂi&ﬁjﬁﬁ[ﬁg@% . Warp 0 instruction 2

. Warp 1 instruction 3
ative warps

Occupancy = Warp 0 instruction 3

maximum warps

Warp 2 instruction 4 Warp 0 instruction 4
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CUDA kernel Machine code

__global__void kernel(float* a, float* b) {
int tid = blockldx.x* blockDim.x + threadldx.x;
float c = a[tid] * b[tid];

10:LD RO a[tid];
[1: LD R1 b[tid];
12: MPY R2, RO, R1

}
Clock
<0 [l c2|c3|ch|c5|c6|c7|cB|co cl0cil]ci2 cl3|cla]cl5|cl6cl7]c19] c20 BN
v I e
T w
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« ZMEFLEH, FE{KMemory
Instruction latency
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« Local Memory: RegistersA~1zB5 /3
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- Shared Memory: blockIFF &%k
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Int var; register 1X
Int local[20]; local 100X
__shared Int sharedVar; shared 1X
__device int globalVar; global 100X
~_constant__Int constVar; constant 1X

» Make use of shared memory wherever possible
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Int var; register thread thread

Int local[20]; local thread thread

_shared Int sharedVar; shared block block
__device Int globalVar; global grid application

__constant_ int constVar; constant grid application
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«#iN: a[8] ={1,2,3,4,5,6,7,8};
o BN : SKFN

C++ q :
int sum(int* a)
{ q
int ret = 0;
for (inti=0;i< N i++) f

{
ret += a[i];

}
return ret; q;
} s
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«#iN: a[8] ={1,2,3,4,5,6,7,8};
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CUDA

__global _void sum(int* a, int N)
{
const int tid = threadldx.x;

auto step_size = 1;
int number_of threads = N;
while (number_of_threads > 0)

{

if (tid < number_of_threads)

{

const auto first = tid * step_size * 2;
const auto second = first + step_size;
a[first] += a[second];

}

step_size <<= 1;
number_of threads >>=1;
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2
CUDA Shared Memory
__global _void sum(int* a, int N)
{ extern __shared _int sharedMem(];
uint tid = threadldx.x;
uint id = blockldx.x* blockDim.x + threadldx.x; )

sharedMem|tid] = a[id];

.
} ;
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CUDA Shared Memory

__global _void sum(int* a, int N)

{

for (ints = 0; s < blockDim.x; s *= 2) {
if (tid% (2*s) == 0)
{

}

__syncthreads();

}

sharedMem|( tid| += sharedMem| tid + s];

Shared Memory Bank Conflicts
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CUDA Shared Memory

__global _void sum(int* a, int N)

{

for (ints = blockDim.x [ 2;s > 0; s >>=1) {
if (tid<s)

{
sharedMeml| tid| += sharedMem| tid + s];

}
__syncthreads();

}

o [B)E=: W{e[$EFHOccupancy 9
T - .
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[Blelloch 1990]
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« Up-Sweep Phase

136

Left Child Right Child [Blelloch 1990]
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« {RIREKE: template <typename T> int compare (T t1, T t2);
« 1R1RZ:  template <typename T> class compare;

* RIE X

template <typename 7>
int compare(7& t1, 7& t2)
{
if (t1 > t2)
return 1;
if (t1 ==1t2)
return 0;
if (t1 <t2)
return -1;

template <typename 7>
class compare

{

private:
T _val;
public:
explicit compare(7& val) : _val(val) { }
bool operator==(7& t){
return _val ==1t;
}

1




ISCAS to#saadmyn

C++ 1;-”- *}j Institute of Software, Chinese Academy of Sciences
ST
S

* B EREFT) int
o 1:%1:& gfé #Y {_g]oba]_ void sum(int* a, int N)
}
float
lobal__void int* a, int N e —
{_go oIS A RERD R R EX __global__void sum(float* a, int N)
{
} template<typename 7> )
__global _void sum(T* a, int N) double
{ - x i
__global _void sum(float* a, int N) } {_g]oba]_ void sum(double™ a, int N)
{ }
} 87 T/ B XS
=] 1%625 Ei/g {_g]obal_ void sum(double* a, int N)
}
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template <typename T, int Dim>
class Vector

{
public:
DYN_FUNCVector() {};
DYN_FUNC ~Vector() {};
}

=R
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template <>
class Vector<float, 2>
{
public:
DYN_FUNCVector();
DYN_FUNC ~Vector();
private:
Tx,y;

5

template <>
class Vector<float, 3>
{
public:
DYN_FUNCVector();
DYN_FUNC ~Vector();
private:
TX,y,z;

5
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° *ﬁ*&q:%'f’t template <typename T>
RS MR RA TR | s Vecor<T2>

S EN R S i
ST AR A REAR B4 1L ! blic
DYN_FUNCVector();
DYN_FUNC ~Vector();
template <typename T, int Dim> private:
class Vector Tx,y;
{ 7
public: e

DYN_FUNCVector() {};
template <typename T>
DYN_FUNC ~Vector() {}; class Vector<T, 3>

7 (

public:
DYN_FUNCVector();
DYN_FUNC ~Vector();
private:
TX,y,z;

5
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iz typename Function»
'T* pBata uint num, T#* pAux, Function func, T v(0)

uint n = num;

uint sharedMemSize =

uint blockNum = cudatridSize(num,

T# subData = pData;

T auxl = pAux;

T+ aux? = pAux + blockNum;

T#* subAux = auxl

while (n > 1) {
Ke ., Function> << <blockNum, sharedMemSize »» » (subData, n, subAux, func, v0):
blockNum = cudaGridsi

if (n » 1)
subData = subAux; subAux = (subData = auxl ? aux?Z

src/Core/Backend/Cuda/Algorithm/Reduction.cu
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o ;kﬂ%n Reduce(val, num, m_aux, PlusFunc<T>(), (T)0);

° Xﬂ%j{{ﬁ Reduce(val, num, m_aux, MaximumFunc<T>(), -(T) REAL_MAX);

o EREEQ /J\ 1E Reduce(val, num, m_aux, MinimumFunc<T>(), (T) REAL_MAX);

src/Core/Backend/Cuda/Algorithm/Reduction.cu
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C++ STL

RIBEFL std:: vector<std::vector<int>> neighbors;
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template<class ElementType>
class ArraylList<ElementType, DeviceType:: GPU>

{
public:

ArrayList(){};
~ArraylList() {};

bool resize(const DArray<uint>& counts);
private:

DArray<uint> mlndex;

DArray<ElementType> mElements;

DArray<List<ElementType>> mlLists;

};

Index

Elements

Lists

ISCAS +o#%nadmyn
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template<class ElementType>

class ArraylList<ElementType, DeviceType:: GPU>
{
public:

ArrayList(){};
~ArrayList() {};

bool resize(const DArray<uint>& counts);
private:

DArray<uint> mlndex;

DArray<ElementType> mElements;

DArray<List<ElementType>> mLists;

5

src/Core/Backend/Cuda/Array/ArraylList.inl

template<class ElementType>
ool Arraylist<ElementType, DeviceType::

(counts. size() > 0):
if (mIndex. size() !
mIndex.
mLists.
mIndex. assign(counts) ;

Reduc
uint total num =

Scan<uin

list<{zizeof (ElementType) > (mLists. begin(), mElements.begin(), mElements. size()

return true;

size(const DArray<uint>& counts)
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=" BEFEZ, XBounding Box

Reduction<Vec3f> reduce;
Vec3f hiBound = reduce.maximum(points.begin(), points.size());
Vec3floBound = reduce.minimum(points.begin(), points.size());
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O 2 5|33/ 7 |4 4|53 2 |1 /1 0| 2

o/ 0|11 2 2|2 2|3 3 4 | 4 |5 |5 |7 | Sor

1 0 1 0 1 0 O O |1 O 1 0 1 0 | 1 | Reduce
3 3 - 4 4 Exclusive scan

o 1 2 3 4 5 7

Homework: git checkout homework(Tests/Homework)
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