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Matrix multiplication with Cuda

Jochen Kreutz (JSC)
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Distribution of work

B * Each thread computes one
element of the result matrix
C

* n * n threads will be needed

* Indexing of threads
corresponds to 2d indexing
Y of the matrices

* Thread(x, y) will calculate
element C(x, y) using row y
of A and column x of B

-

X
GPUProgramming with CUDA @ JSC, 24. - 26. April 2017 Slide 2



#) )0LICH

FORSCHUNGSZENTRUM

Distribution of work

* Block dimensions are
e, [FHeddd), Block (k.0) limited, hence several thread

blocks will be needed

. . . Block (k.1) * Use 2d execution grid with
k * k blocks

Result matrix C (n * n elements)
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Distribution of work

Thread (0,0) Thread (m,0)

00 O * Use 2d execution grid with
Block (0,0)l}|Block (0,1) Block (k,0) k * k blocks
2 N R

: * Use 2d thread blocks with
* k=n/m (ndivisible by m)

* k=n/m+ 1 (nnot divisble
by m)

read (m,0)

| I I
Block (0,k)
L] N

Thread (0,m) Thread (m,m)

Result matrix C (n * n elements)
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Define dimensions of thread block

dim3 blockDim

dim3 blockDim ( size t blockDimX, size t blockDimY,
size t blockDimZ )

On Jureca (Tesla K80):
= Max. dim. of a block: 1024 x 1024 x 64
= Max. number of threads per block: 2048

Example:

/| Create 3D thread block with 512 threads
dim3 blockDim(16, 16, 2);
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Define dimensions of grid

dim3 gridDim

dim3 gridDim ( size_t blockDimX, size t blockDimY,
size t blockDimZ)

On Jureca (Tesla K80):
= Max. dim. of a grid: (2147483647, 65535, 65535)

Example:

// Dimension of problem: nx * ny = 1000 * 1000

dim3 blockDim(16, 16) // Don't need to write z = 1

int gx = (nx % blockDim.x==0) ? nx / blockDim.x : nx / blockDim.x + 1
int gy = (ny % blockDim.y==0) ? ny / blockDim.y : ny / blockDim.y + 1

dim3 gridDim(gx, gy); |

Watch out!
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Calling the kernel

Define dimensions of thread block

dim3 blockDim(size t blockDimX, size t blockDimY,
size_t blockDimZ)

Define dimensions of execution grid

dim3 gridDim(size t gridDimX, size t gridDimY,
size_t gridDimZ)

‘ Launch the kernel

kernel<<<dim3 grllem, dim3 blockDim>>>([arg]*)
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Kernel (CUDA)

Kernel function

__global  void mm kernel(float* A, float* B, float* C, int n)

{
int col = blockIdx.x * blockDim.x + threadIdx.x;

int row = blockIdx.y * blockDim.y + threadIdx.y;
if (row < n && col < n) {

for (int i = 0; i < n; ++i) {
Clrow * n + col] += A[row * n + i] * B[1i * n + col];

}

mm kernel<<<dimGrid, dimBlock>>> (d _a, d b, d ¢, n);

GPUProgramming with CUDA @ JSC, 24. - 26. April 2017 Slide 8



#) J0LICH

FORSCHUNGSZENTRUM

Exercise

Simple Cuda MM implementation

...lexercises/tasks/Cuda_MM_simple
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Limiting Factor

Kernel function

void mm kernel ( float* A, float* B, float* C,int n )

{
for (int k = 0; k < n; ++k){
C[i *n+ j] += A[i * n + k] * B[k * n + J];
}

* One floating point operation per memory access
 One double: 8 bytes
* Limited global memory bandwidth

e Check hints from Visual Profiler for further
performance issues
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Limiting Factor
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01885 0195 01835 01855

[=l Process "Cuda_MM_simple.
[= Thread 286000
* Runtime AP
* Driver API

* Profilng Overhead
=l Unified Memary
7 CPU Page Fauits
=1 [0] Tesla P100-SXM2-16GB
= unified Memery
7 Data Migration (Dt
L GPU Page Faults
L 7 Data Migration (Ht
= Context 1 (CUDA)
&= Compute

GPU Page Faults

57 100.0% dgemm.
= streams

- Default

dgernm_apu_simple(double const *, double const *. double

. cudaDevicesynchone |

Data Migr (DtoH)

HtoD)

[t Analysis 52 U Details f4 CPU Details Bl Console [ Settings

O Eproperties 52

[ Export PDF Report

Compute

& Low Kernel Concurrency[ 015 /

The percentage of time when two kernels are being executed in paralel s low:

~ Duration
More

Session 210.884 ms (210,884,417 ne

& Low Compute Utilizaf 9 ms /210 884 ms = 4.6% ]

The multiprocessors of ene or more GPUs are mostly idle,

The analysis results on the right indicate potential problems|
application is taking advantage of the GPU's available comp( e and data

)

Kernels 9.799 ms (9,798,992 ns)

More... Compute Utiization i

movement capabilities. You should examine the information
each result to determine if you can make changes to your ap)
increase GPU utilization.

i Compute Utilization

The device timeline shows an estimate of the amount of the total compute capacity being used by the kemels executing on the

Kernel Invocations 1

i NVLink Analysis

‘The following NVLink topology diagram shows logical MVLink connections between GPUS and CPUS. A logical NVLink car,
<ceive throughput of device A is same as the transmit throughput of device 8. The tables on right hand side show,

1 Examine Individual Kernels

You can also examine the performance of individual kernels to expose addition SNy
optimization opportunities

Properties for each logical NVLin

tion may vary in accuracy, because any activity within the sampling period is treated

%, even though most of that period could be idle.

Logical NVLink Properties

fain one or more physical links. When two devices A and & are connected by an NLink, the

Tesla P100-5X. Tesla P100-5X.

peak physical| peer | System|peer | system . .

Logical NVLINK| g3 yideh | vLinks | Access | Access | Atomic | atomic | UtiZation % | idle time %

GPUO<-->CPU 80 GB/s 2iN0 iYes  No  No nja nja

GPUD<-->GPL 80 GB/s 2%es [No Y%s No nja nja

GPUL<-—>CPU B0 GBJs 2iNo  iYes  INo  iNo nja nja

GPU2<-->CPU 80GB/s 2/No  jYes No No nja na

(0 GPUZ<->GPU 80 GBJs 2i%s  No iYes  No nja nja
GPU3<-->CPU B0 GBJs 2iNo iYes  iNo  iNo nja nia

GPU O GPU 2 Logical NvLink Throughput

Logical NVLink | Avg Throughput | Max Throughput | Min Throughput
I

Check hints from Visual Profiler
performance issues
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GPU memory (schematics)

SM

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

o,
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SM

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

L2 Cache
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Using shared memory

Allocate shared memory

// allocate vector in shared memory
shared  float[size];

// can also define multi-dimensional arrays:
// BLOCK_SIZE is length (and width) of a thread block here

__shared  float Msub[BLOCK SIZE][BLOCK SIZE];

Copy data to shared memory

// fetch data from global to shared memory
Msub[threadIdx.y][threadIdx.x] = M[TidY * width + TidX];

Synchronize threads

// ensure that all threads within a block had time to read / write data
__syncthreads();
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Matrix-matrix multiplication with blocks

—Z N/2
Cu= — A By Cy= Z Ay B
i=1
N
+ Z AuB;y
i=N/2+1

7/////////%_
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Matrix-matrix multiplication with blocks

/2
Cy= Z Ay B; C,= NZ: A, B,

i=1 :
i=1

N
+ Z AkiBil

i=N/2+1

For each element
= Set result to zero
= For each pair of blocks
= Copy data
= Do partial sum

= Add result of partial
sum to total

V]
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An Example

1 2 3 4 -9 11 1 1
41 2 3 1/1 -9 11 1
A= B=— =
3 4 1 2 401 1 -9 11 C=AB
2 3 4 1 11 1 1 -9
A11 A12 Bll BlZ
(1 2) (3 4) ( 9 11) 1 1)
Ao|l4 1) 1203 g L|l1 -9 11 c[Cu Cu
3 4| (1 2 400 [1 1 9 11 Cy Cy
2 3/ |4 1 1 1 1 -9
A Azz le Bzz
Cy=A;By+A,By
_ 11 2)-9 11|, 1(3 4|[1 1
40\4 1){1 -9) 40l2 3/l11 1
_ 1 [-9+2 11-18| 1 [3+44 3+4
40\-36+1 44—9| 40(2+33 2+3
_1[(=7 =7\, 1[47 7
40\-35 35) 40(35 5
_1(40 o} _[1 0
‘4_0(0 40) _(o 1) Do C_,, C,, and C , the same way.
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Blockwise Matrix-Matrix Multiplication
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Blockwise Matrix-Matrix Multiplication
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Blockwise Matrix-Matrix Multiplication
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Blockwise Matrix-Matrix Multiplication
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Blockwise Matrix-Matrix Multiplication
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Blockwise Matrix-Matrix Multiplication

Thread block loops over blocks in blue and yellow matrix:
Calculate upper left corner
Load data into shared memory
Do calculation (one thread is still responsible for an element)
Add partial sum to result
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Exercise

Shared memory Cuda MM implementation

...lexercises/tasks/Cuda_MM shared
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