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Executed on the: | Only callable
from the:

__global  void KernelFunc(Q) device host
__device  float DeviceFunc(Q) device device
__host_ float HostFunc() host host
DA

See Appendix B.1 in the NVIDIA CUDA C Programming Guide for more details



__global
Must return void
_device
Used to be Inlined by default
Think as It 1Is.

See Appendix B.1 in the NVIDIA CUDA C Programming Guide for more details
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Functional Declarations

What do these do?

__global host
__device host

void func()
void func()
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What do these do?
__global host  void func()

__device host  void func()

__host = device  func{()
{
#1f CUDA_ARCH == 100

// Device code path for compute capability 1.0
JLL-'ll"f __CUDA ARCH___ == 200

/ Device code path for compute capability 2.0

#elil f !defined( CUDA ARCH_ )

// Host cc:g_pati
#endif

}

Z
Code from http://developer.download.nvidia.com/compute/cuda/3_2_prod/toolkit/docs/CUDA_C_Programming_Guide.pdf



.........

Functional Declarations

Global and device functions

Less recursion (ok with Fermi,
kepler, Maxwell)

OK with malloc() but be cautious

Careful with function calls through
polinters

Consider thousands of threads following
the same

8 .
Instruction stream



» char[1-4], uchar[1-4]
» short[1-4], ushort|[1-4]

» Int[1-4], uint][l1-4]

» long[1-4], ulong[1-4]

» longlong[1-4], ulonglong[1-4]
» Float[1-4]

» doublel, double?2
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vector 1ypes

» Available in host and device code
» Construct with make <type name>

InNt2 12 = make Int2(1, 2);
float4 4 = make float4(
1.0F, 2.0F, 3.0F, 4.01);

10
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» Access with .x, .y, .z, and .w

InNt2 12 = make Int2(1, 2);
nt X = 12.X;
inty = 12.y;

No.r, .g, .b, .a, etc. like GLSL
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Math Functions
» double and float overloads

» No vector overloads

» On the host, functions use the C runtime
implementation if available

12
See Appendix C in the NVIDIA CUDA C Programming Guide for a complete list of math functions
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» Partial list:
» sgrt, rsqgrt
» exp, log
» SIn, Ccos, tan, siINcos
» asin, acos, atan2
» trunc, ceinl, floor

13
See Appendix C in the NVIDIA CUDA C Programming Guide for a complete list of math functions
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» Device only
» Faster, but less accurate
» Prefixed with

» _exp, log, sin, _ pow,

14
See Appendix C in the NVIDIA CUDA C Programming Guide for a complete list of math functions



Recall:
 Device code can: (Device) Grid
— R/W per-thread registers Block (0, 0) Block (1, 0)

— R/W per-thread local memory
— R/W per-block shared memory

— R/W per-grid global memory ’ !

— Read only per-grid constant e e
memory T_T'I

« Host code can

— R/W per grid global and
constant memories

.

Thread (0, 0) | Thread (1, 0)

) 15

Image from: http://courses.engr.illinois.edu/ece498/al/textbook/Chapter2-CudaProgrammingModel.pdf



» Registers
» Per thread

» Fast, on—chip, read/wri
access

» Increasing the number o
registers used by a ker:
has what affect?
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Memory Model
» Registers — G8O

» Per SM

» Up to 768 threads
» 8K registers

» How many registers per thread?

» Registers - Kepler — Per SM
» Up to 2048 threads
» 64K Registers

» Registers - Maxwell— Per SM

» Up to 2048 threads
» 64K Registers

17



» Registers — G8O
» 8K / 768 = 10 registers per thread
» Exceeding limit reduces threads by the block

» Example: Each thread uses 11 registers, and each
block has 256 threads

» How many threads can a SM host?
» How many warps can a SM host?

» What does having less warps mean?

18



» Local Memory
» Stored in global memory
» Copy per thread
» Used for automatic arra

» Unless all accessed with
constant indices




» Shared Memory
» Per block

» Fast, on—chip, read/wri
access

» Full speed random acces:




» Shared Memory - G80

» Per SM
» Up to 8 blocks
» 16 KB

» How many KB per block
» Shared Memory - Maxwell
» Per SM
» Up to 32 blocks
» 90 KB

» How many KB per block

21



» Shared Memory - G80
» 16 KB / 8 = 2 KB per block

» Example
» If each block uses 5 KB, how many blocks can a SM host?

22



» Global Memory
» Long latency (100s
cycles)

» Off—chip, read/write
access

» Random access causes
performance hit

» Host can read/write

» GT200
» 150 GB/s
__________ »Up tod4 GB

» G80 - 86.4 GB/s




» Constant Memory

» Short latency, high
bandwidth, read only
access when all threads
access the same locatior

» Stored in global memory
but cached

» Host can read/write
» Up to 64 KB
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Automatic variables other than register  thread kernel

arrays

Automatic array variables local thread  kernel

~_shared  1nt sharedVar; shared block  kernel

__device__ int globalVvar; global grid application

__constant__ int constantVar; constant  grid application
25

See Appendix B.2 in the NVIDIA CUDA C Programming Guide for more details



» Global and constant variables
» Host can access with
» cudaGetSymbolAddress()
» cudaGetSymbolSize()
» cudaMemcpyToSymbol ()
» cudaMemcpyFromSymbol ()

» Constants must be declared outside of a function
body

26
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Review: hread Hierarchies

int threadlD = blockldx.x *
blockDim.x + threadldx.Xx;

float x = 1nput[threadlD];
float y = func(x);
output]threadlD] = vy;

27



int threadlD blockldx.x *
blockDim.x + threadldx.x;

float x = input[threadlD];“
float y = func(X);
output[threadlD] = vy;

Use grid and block position to
compute a thread id

28



int threadlD = blockldx.x *
blockDim.x + threadldx.Xx;

float X = 1nput][threadlD];
float y = func(X): “
output]threadlD] = y;

Use thread id to read from input

29



int threadlD = blockldx.x *
blockDim.x + threadldx.Xx;

float x = 1nput[threadlD];

float y = func(x);

output[threadlD] = vy;

Run function on input: data-parallel!

30



int threadlD = blockldx.x *
blockDim.x + threadldx.Xx;

float x = 1nput[threadlD];
float y = func(x);

output[threadlD] = y;

Use thread id to output result

31
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hread Synchronizatior
» Threads in a block can synchronize
3

call _ syncthreads to create a barrier

» A thread waits at this call until all threads in
the block reach it, then all threads continue

Mds[1] = Md[}1;
__syncthreads();
func(Mds[i], Mds[i + 11);

32



-
D
ay)
N
N
—
(@
-
o
-
}—l
N
ay)
—
}—l
O
)

Thread O Thread 1
[j> Mds[1] = Md[]}]; [j> Mds[1] = Md[]}];
__syncthreads(); __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
Mds[1] = Md[]}]; Mds[i1] = Md[]}];
__syncthreads(); __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

33 Time: O
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Thread O Thread 1
Mds[i1] = Md[]}]; Mds[i1] = Md[]}];
[j> __syncthreads(Q); [j> __syncthreads(Q);
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
Mds[i1] = Md[]}]; Mds[i1] = Md[]}];
__syncthreads(); __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

34 Time: 1
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Thread O Thread 1
Mds[i1] = Md[}]; Mds[i1] = Md[}];
[j> __syncthreads(Q); [j> __syncthreads(Q);
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
Mds[i1] = Md[}]; Mds[i1] = Md[}];
__syncthreads(); __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

Threads 0 and 1 are blocked at barrier

35 Time: 1
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Thread O Thread 1
Mds[1] = Md[]}]; Mds[1] = Md[]}];
[j> __syncthreads(); [j> __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
[j> Mds[1] = Md[]}]; [j> Mds[i1] = Md[]}];
__syncthreads(); __syncthreads();
func(Mds[ 1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

36 Time: 2
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i1rnread oOVIICITIoll1Zall1l0ll
Thread O Thread 1
Mds[1] = Md[]}]; Mds[1] = Md[]}];
[j> __syncthreads(); [j> __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
Mds[1] = Md[]}]; Mds[i1] = Md[]}];
[j> __syncthreads(); [j> __syncthreads();
func(Mds[ 1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

37 Time: 3



Thread Synchronization
Thread O Thread 1
Mds[1] = Md[]}]; Mds[1] = Md[]}];
[j> __syncthreads(); [j> __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
Mds[1] = Md[]]; Mds[1] = Md[]}];
[j> __syncthreads(); [j> __syncthreads();
func(Mds[ 1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

All threads in block have reached barrier, any thread
can continue

38 Time: 3
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i1rnread oOVIICITIoll1Zall1l0ll
Thread O Thread 1
Mds[1] = Md[]}]; Mds[1] = Md[]}];
[> __syncthreads(); [> __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);
Thread 2 Thread 3
Mds[1] = Md[]}]; Mds[i1] = Md[]}];
__syncthreads(); __syncthreads();
E> func(Mds[1], Mds[i1+1]); E> func(Mds[1], Mds[i1+1]);

39 Time: 4
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Thread 0O Thread 1
Mds[i] = MA[j]; Mds[i] = MA[j];
__syncthreads(); __syncthreads();

—>| func(Mds[i], Mds[i+1]); —>| func(Mds[i], Mds[i+1]);

Thread 2 Thread 3
Mds[1] = Md[]}]; Mds[i1] = Md[]}];
__syncthreads(); __syncthreads();
func(Mds[1], Mds[i1+1]); func(Mds[1], Mds[i1+1]);

40 Time: 5
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» Why 1s 1t important that execution time be
similar among threads?

» Why does it only synchronize within a block?

41



Figure 3.5 Lack of synchronization across blocks enables
transparent scalability of CUDA programs

Eachblock canexecute in any order relative to
other blocks.

Image from http://courses.engr.illinois.edu/ece498/al/textbook/Chapter3-CudaThreadingModel.pdf
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Synchronization

__syncthreads() cause a thread to hang?



hread Synchronization

1T (someFunc())

{
__syncthreads();

}
// ...

44



hread Synchronization

1T (someFunc())

{
__syncthreads();

- D =
%
D

__syncthreads();
}

45
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void MatrixMulOnHost(float* M, float* N, float* P, i1nt width)

for (int 1 = 0; 1 < width; ++1)
for (int j = 0; j < width; ++j)
{

Float sum = 0O;
for (int k = 0; k < width; ++k

{
float a = M[1 * width + K]; .
float b = N[k * width + j]; |
sum += a * b;

+

P[1 * width + jJ] = sum;

+
47

Code from: http://courses.engr.illinois.edu/ece498/al/lectures/lecture3%20cuda%20threads%20spring%202010.ppt



/I Matrix multiplication kernel — thread specification
__global__ void MatrixMulKernel(float™ Md, float® Nd, float™ Pd, int Width)

{
// 2D Thread ID

int tx = threadldx.x; Accessing a matrix, so using a 2D block
int ty = threadldx.y;

// Pvalue stores the Pd element that is computed by the thread
float Pvalue = 0;

for (int k = 0; k < Width; ++k)

{
float Mdelement = Md[ty * Md.width + K];
float Ndelement = Nd[k * Nd.width + tx];
Pvalue += Mdelement * Ndelement;
}

// Write the matrix to device memory each thread writes one element
Pd[ty * Width + tx] = Pvalue;

}

48
Code from: http://courses.engr.illinois.edu/ece498/al/textbook/Chapter2-CudaProgrammingModel.pdf



/I Matrix multiplication kernel — thread specification
__global  void MatrixMulKernel(float™ Md, float* Nd, float™ Pd, int Width)
{

/{ 2D Thread ID

int tx = threadldx.x;

int ty = threadldx.y;

// Pvalue stores the Pd element that is computed by the thread
float Pvalue = 0; e—— |

Each kernel computes one output
for (int k = 0; k < Width; ++k)

{
float Mdelement = Md[ty * Md.width + K];
float Ndelement = Nd[k * Nd.width + tx];
Pvalue += Mdelement * Ndelement;
}

// Write the matrix to device memory each thread writes one element
Pd[ty * Width + tx] = Pvalue;

}

49
Code from: http://courses.engr.illinois.edu/ece498/al/textbook/Chapter2-CudaProgrammingModel.pdf



/I Matrix multiplication kernel — thread specification
__global__ void MatrixMulKernel(float™ Md, float® Nd, float™ Pd, int Width)
{

/2D Thread ID

int tx = threadldx.x;

int ty = threadldx.y;

// Pvalue stores the Pd element that is computed by the thread
float Pvalue = 0;

Where did the two outer for loops

2‘3" (intk = 0; k< Width; ++k) [« jn the CPU implementation go?

float Mdelement = Md[ty * Md.width + K];
float Ndelement = Nd[k * Nd.width + tx];
Pvalue += Mdelement * Ndelement;

}

/' Write the matrix to device memory each thread writes one element
Pd[ty * Width + tx] = Pvalue;

}

Code from: http://courses.engr.illinois.edu/ece498/al/textbook/Chapter2-CudaProgrammingModel.pdf



/I Matrix multiplication kernel — thread specification
__global  void MatrixMulKernel(float™ Md, float* Nd, float™ Pd, int Width)
{

/{ 2D Thread ID

Int tx = threadldx.x;

int ty = threadldx.y;

// Pvalue stores the Pd element that is computed by the thread
float Pvalue = 0;

for (int k = 0; k < Width; ++k)

{
float Mdelement = Md[ty * Md.width + k];
float Ndelement = Nd[k * Nd.width + tx];
Pvalue += Mdelement * Ndelement;
} No locks or synchronization, why?

// Write the matrix to device memory each thread writes one element
Pd[ty * Width + tx] = Pvalue;
}

ol
Code from: http://courses.engr.illinois.edu/ece498/al/textbook/Chapter2-CudaProgrammingModel.pdf
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Matrix Multiply
» Problems

» Limited matrix size

» Only uses one block
» G8O and GT200 - up to 512 threads per block
» Fermi, Kepler, Maxwell - up to 1024 threads per block

» Lots of global memory access

52
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» Remove size limitation
» Break Pd matrix into
tiles

» Assign each tile to a
block
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" Image from http://courses.engr.illinois.edu/ece498/al/textbook/Chapter3-CudaThreadingModel.pdf



» Example

» Matrix: 4x4
» TILE_ WIDTH = 2

» Block size: 2x2

54

Block(0,0)

Block(1,0)

Tile_width =2

Image from http://courses.engr.illinois.edu/ece498/al/textbook/Chapter3-CudaThreadingModel.pdf



» Example

» Matrix: 4x4
» TILE_ WIDTH = 2

» Block size: 2x2

Md, ;Md, ;Md, ;Md, ,

Pdg3|Pd; 5|Pd, 5| Pd; 3

55
Image from http://courses.engr.illinois.edu/ece498/al/Syllabus.html
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Matrix Multiply

__global__ void MatrixMulKernel (
float* Md, float* Nd, float* Pd, int Width)
{
int Row
int Col

= blockldx.y * blockDim.y + threadldx.y;
= blockldx.x * blockDim.x + threadldx.x;
float Pvalue = 0O;
for (int k = 0; k < Width; ++k)
Pvalue += Md[Row * Width + k] * Nd[k * Width + Col];

Pd[Row * Width + Col] = Pvalue;
+

56
Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html
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Matrix Multiply

Calculate the row index of the Pd element and M

__global__ void MatrixMulKernel (
float* Md, Ffloat* Nd, float* Pd, int Width)

{

int Row = blockldx.y * blockDim.y + threadldg-y;
Int Col = blockldx.x * blockDim.x + threadldx.X;

Ffloat Pvalue = 0O;
for (int k = 0; k < Width; ++k)
Pvalue += Md[Row * Width + k] * Nd[k * Width + Col];

Pd[Row * Width + Col] = Pvalue;
+

57
Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html
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Matrix Multiply

Calculate the column index of Pd and N

__global__ void MatrixMulKernel (
float* Md, Ffloat* Nd, float* Pd, int Width)
{
int Row = blockldx.y * blockDim.y + threadldx.y;
int Col = blockldx.x * blockDim.x + threadldx.x;

Ffloat Pvalue = 0O;
for (int k = 0; k < Width; ++k)
Pvalue += Md[Row * Width + k] * Nd[k * Width + Col];

Pd[Row * Width + Col] = Pvalue;
+

58
Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html
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Matrix Multiply

Each thread computes one element
of the block sub-matrix

__global__ void MatrixMulKernel (
float* Md, Ffloat* Nd, float* Pd, int Width)

{
int Row = blockldx.y * blockDim.y + threadldx.y;
int Col = blockldx.x * blockDim.x + threadldx.Xx;

float Pvalue = 0O; v
for (int k = 0; k < Width; ++k)
Pvalue += Md[Row * Width + k] * Nd[k * Width + Col];

Pd[Row * Width + Col] = Pvalue;
+

59
Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html



» Invoke kernel:

dim3 dimGrid(Width /7 TILE_WIDTH, Height / TILE_WIDTH);
dim3 dimBlock(TILE_WIDTH, TILE_WIDTH);

MatrixMulKernel<<<dimGrid, dimBlock>>>(
Md, Nd, Pd, TILE_WIDTH);

60



What about
oglobal memory
access?



Limited by global memory bandwidth
» Tesla K40 peak GFLOPS( SP): 5000
» Require 20000 GB/s to achieve this

» G8O memory bandwidth: 288 GB/s
» Limits code to 72 GFLOPS

r

nrarcrt+i~n ~A~ndAa vriime a+ AN R
11 piLacvuviuvg, CLCuUuUcT 1 uUllo auvu v Ul

» Must drastically reduce global memory access

62



» Each input element is read by
Width threads

» Use shared memory to reduce
global memory bandwidth

Image from http://courses.engr.illinois.edu/ece498/al/Syllabus.html
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» Each phase accumlates Pd using a
subset of Md and Nd
» Fach phase has good data
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Image from http://courses.engr.illinois.edu/ece498/al/Syllabus.html
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» Each thread
» loads one element of Md and Nd in
the tile into shared memory
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TILE_WIDTHH

» »
» »
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Image from http://courses.engr.illinois.edu/ece498/al/Syllabus.html




__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)
{
__shared__ float Mds[TILE _WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE WIDTH]J[TILE_WIDTH];

int bx = blockldx.x; int by = blockldx.y;
= threadldx.x; iInt ty = threadldx.y;

Iint tx
int Row = by * TILE WIDTH + ty;
int Col = bx * TILE_ WIDTH + tx;

float Pvalue = 0;

for (int m = 0; m < Width/TILE _WIDTH; ++m) {
Mds[ty][tx] = Md[Row*Width + (m*TILE_WIDTH + tx)];
Nds[ty][tx] = Nd[Col + (W*TILE_ WIDTH + ty)*Width];
__syncthreads();

for (int k = 0; k < TILE WIDTH; ++k)
Pvalue += Mds[ty][k] * Nds[k][tx];

__synchthreads();
}
Pd[Row*Width+Col] = Pvalue;
}66

Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html



__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)

{

__shared__ float Mds[TILE_WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE_WIDTH][TILE_WIDTH]

A

int bx = blockldx.x; i1nt by blockldx.y;

int tx threadldx.x; Int ty threadldx.y;
int Row = by * TILE_ WIDTH + ty; Shared memory for a
int Col = bx * TILE WIDTH + tXx; subset of Md and Nd

float Pvalue = 0;

for (int m = 0; m < Width/TILE _WIDTH; ++m) {
Mds[ty][tx] = Md[Row*Width + (m*TILE_WIDTH + tx)];
Nds[ty][tx] = Nd[Col + (W*TILE_ WIDTH + ty)*Width];
__syncthreads();

for (int k = 0; k < TILE WIDTH; ++k)
Pvalue += Mds[ty][k] * Nds[k][tx];

__synchthreads();
}
Pd[Row*Width+Col] = Pvalue;
Yo7

Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html



__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)
{
__shared__ float Mds[TILE _WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE WIDTH]J[TILE_WIDTH];

int bx = blockldx.x; int by = blockldx.y; |"1dth/TILE WIDTH
int tx = threadldx.x; int ty = threadldx.y; |°Numberof phases

m
int Row = by * TILE_WIDTH + ty; * Index for current phase
int Col = bx * TILE_ WIDTH + tx;

float Pvalue = 0O;
'for (int m = 0; m < Width/TILE_WIDTH; ++m) {

Mds[ty][tx] = Md[Row*Width + (m*TILE_WIDTH + tx)];
Nds[ty][tx] = Nd[Col + (W*TILE_ WIDTH + ty)*Width];
__syncthreads();

for (int k = 0; k < TILE WIDTH; ++k)
Pvalue += Mds[ty][k] * Nds[k][tx];

__synchthreads();
}
Pd[Row*Width+Col] = Pvalue;
}68

Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html



__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)
{
__shared__ float Mds[TILE _WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE WIDTH]J[TILE_WIDTH];

Bring one element

blockldx.y;
each from Md and Nd

int bx = blockldx.x; i1nt by

int tx = threadldx.x; int ty = threadldx.y; |°

into shared memory
int Row = by * TILE_WIDTH + ty;
int Col = bx * TILE_WIDTH + tx;

float Pvalue = 0;

for (int m = 0; m < Width/TILE WIDTH; ++m) {
Mds[ty][tx] = Md[Row*Width + (m*TILE_WIDTH + txX)];
Ndsfty][tx] = Nd[Col + (m*TILE WIDTH + ty)*Width];
__syncthreads();

for (int k = 0; k < TILE WIDTH; ++k)
Pvalue += Mds[ty][k] * Nds[k][tx];

__synchthreads();
}
Pd[Row*Width+Col] = Pvalue;
}69
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__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)
{
__shared__ float Mds[TILE _WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE WIDTH]J[TILE_WIDTH];

blockldx.y;

int bx = blockldx.x; i1nt by =
= threadldx.x; iInt ty = threadldx.y;

Iint tx
int Row = by * TILE WIDTH + ty;
int Col = bx * TILE_ WIDTH + tx;

float Pvalue = O;

for (int m = 0; m < Width/TILE _WIDTH; ++m) {
Mds[ty][tx] = Md[Row*Width + (m*TILE_WIDTH + txX)];
Nds[ty][tx] = Nd[Col + (n*TILE WIDTH + ty)*Width];

syncthreads(); | ,
—=Y O:]. Wait for every thread
for (int k = 0; k < TILE_WIDTH; ++k) in the block, i.e., wait
Pvalue += Mds[tyl[k] * Nds[k][tx]; for the tile to be in
__synchthreads(); shared memory
+
Pd[Row*Width+Col] = Pvalue;
¥ 70
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__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)
{
__shared__ float Mds[TILE _WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE WIDTH]J[TILE_WIDTH];

int bx = blockldx.x; int by = blockldx.y;
= threadldx.x; iInt ty = threadldx.y;

Iint tx
int Row = by * TILE WIDTH + ty;
int Col = bx * TILE_ WIDTH + tx;

float Pvalue = 0;

for (int m = 0; m < Width/TILE _WIDTH; ++m) {
Mds[ty][tx] = Md[Row*Width + (m*TILE WIDTH + tx)];
Nds[ty][tx] = Nd[Col + (W*TILE_ WIDTH + ty)*Width];

__syncthreads();
for (int k = 0; k < TILE_WIDTH; ++k) ! Accumulate subset of
Pvalue += Mds[ty][k] * Nds[k][tx]; dot product
__synchthreads();
+
Pd[Row*Width+Col] = Pvalue;
Y

Code from http://courses.engr.illinois.edu/ece498/al/Syllabus.html



__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)
{
__shared__ float Mds[TILE _WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE WIDTH]J[TILE_WIDTH];

int bx = blockldx.x; int by = blockldx.y;
= threadldx.x; iInt ty = threadldx.y;

Iint tx
int Row = by * TILE WIDTH + ty;
int Col = bx * TILE_ WIDTH + tx;

float Pvalue = 0;

for (int m = 0; m < Width/TILE _WIDTH; ++m) {
Mds[ty][tx] = Md[Row*Width + (m*TILE_WIDTH + tx)];
Nds[ty][tx] = Nd[Col + (W*TILE_ WIDTH + ty)*Width];
__syncthreads();

for (int k = 0; k < TILE WIDTH; ++k)
Pvalue += Mds[ty][k] * Nds[k][tx];

__synchthreads(); |« Why?
+
Pd[Row*Width+Col] = Pvalue;
¥ 72
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__global___ void MatrixMulKernel(
float* Md, float* Nd, float* Pd, int Width)

{

__shared__ float MdS[TILE_WIDTH][TILE_WIDTH];
__shared__ float Nds|TILE_WIDTH]J[TILE_WIDTH];

Iint bx =
Iint tx =

int Row
int Col

blockldx.x; int by

blockldx.y;

threadldx.x; Int ty = threadldx.y;

by
bx

float Pvalue
for (int m =

Mds[ty][tx]

* TILE_WIDTH + ty;
* TILE_WIDTH + tx;

:O;
0; m < Width/TILE_WIDTH; ++m) {
= Md[Row*Width + (M*TILE WIDTH + ©)];

Nds[ty][tx] = Nd[Col + (W*TILE_ WIDTH + ty)*Width];
__syncthreads();

for (int k = 0; k < TILE_WIDTH; ++k)
Pvalue += Mds[ty][k] * Nds[k][tx];
__synchthreads();

}

Write final

Pd[Row*Width+Col] = Pvalue;

A

answer to global

¥ 73
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Matrix Multiply

» How do you pick TILE WIDTH?

» How can it be too large?
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Matrix Multiply

» How do you pick TILE WIDTH?

» How can it be too large?

» By exceeding the maximum number of threads/block
- G80 and GT200 - 512
- Fermi - 1024
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A\ s s ML e S -

Matrix Multiply

» How do you pick TILE WIDTH?

» How can it be too large?
» By exceeding the maximum number of threads/block

- G80 and GT200 - 512
- Fermi - 1024

» By exceeding the shared memory limitations

- G80: 16KB per SM and up to 8 blocks per SM

- 2 KB per block
— 1 KB for Nds and 1 KB for Mds (16 * 16 * 4)

- TILE_WIDTH = 16
- A larger TILE_WIDTH will result in less blocks
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A\ s s ML e S -

Matrix Multiply

» Shared memory tiling benefits

» Reduces global memory access by a factor of
TILE WIDTH

» 16x16 tiles reduces by a factor of 16

» (80
» Now global memory supports 345.6 GFLOPS
» Close to maximum of 346.5 GFLOPS

1



First—order Size Considerations 1in
G800

Each thread block should have many threads
TILE WIDTH of 16 gives 16%16 = 256 threads

There should be many thread blocks
A 1024%1024 Pd gives 64*%64 = 4K Thread Blocks

Each thread block perform 2%256 = 512 float loads
from global memory for 256 * (2%16) = 8K mul/add
operations.

Memory bandwidth no longer a limiting factor

78
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