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daint-nid:~$ free -m
               total        used        free      shared  buff/cache   available
Mem:          874968       70156      841573        5484       18773      804811











daint-nid:~$ numactl -H
available: 36 nodes (0-35)
# CPU modules (0-3), each with 72 cores and 128GB RAM
node 0 cpus: 0-71               
node 1 cpus: 72-143             
node 2 cpus: 144-215            
node 3 cpus: 216-287            
# GPU modules (4,12,20,28), each with 96GB RAM
node 4 cpus:                # GPU of module 0
node 4 size: 96768 MB
node 5 cpus:                #empty node module 0
node 5 size: 0 MB
...



numactl -H

daint-nid:~$ numactl -H
available: 36 nodes (0-35)
[...]
node   0    1    2    3    4   12   20   28
  0:  10   40   40   40   80  120  120  120
  1:  40   10   40   40  120   80  120  120
  2:  40   40   10   40  120  120   80  120
  3:  40   40   40   10  120  120   20   80
  4:  80  120  120  120   10  255  255  255
 12: 120   80  120  120  255   10  255  255
 20: 120  120   80  120  255  255   10  255
 28: 120  120  120   80  255  255  255   10



malloc new mmap

cudaMalloc



__global__ void add(const int* x, const int* y, int* z, size_t n)
{
    size_t tid = blockDim.x * blockIdx.x + threadIdx.x;
    if (tid < n) { z[tid] = x[tid] + y[tid]; }
}

size_t n = 1024;
std::vector<int> a(n), b(n), c(n); // uses `new` to allocate memory

// OK, pass system memory to 
add<<<n/128, 128>>>(a.data(), b.data(), c.data(), n);

std::vector



__global__ void add(const int* x, const int* y, int* z, size_t n)
{
    size_t tid = blockDim.x * blockIdx.x + threadIdx.x;
    if (tid < n) { z[tid] = x[tid] + y[tid]; }
}

size_t n = 1024;
int* a = new int[n];
int* b = new int[n];
int* c = new int[n];

// or, see [1]: std::vector<int, DefaultInitAdaptor<int>> a(n), b(n), c(n);

cudaMemset(a, 0, n * sizeof(int)); // first touch on GPU, memory will be placed in H100-HBM3
cudaMemset(b, 0, n * sizeof(int));
cudaMemset(c, 0, n * sizeof(int));

add<<<n/128, 128>>>(a.data(), b.data(), c.data(), n);

https://github.com/sekelle/cornerstone-octree/blob/master/include/cstone/util/noinit_alloc.hpp


cudaMalloc

malloc new





0 0-71 1 72-143

2 144-215 3 216-287



#SBATCH --nodes=<numNodes>
#SBATCH --ntasks-per-node=4  
#SBATCH --cpus-per-task=72
#SBATCH --gpus-per-task=1         # Otherwise make sure to export CUDA_VISIBLE_DEVICES=$SLURM_LOCAL_ID

export OMP_NUM_THREADS=$SLURM_CPUS_PER_TASK 

#export MPICH_GPU_SUPPORT_ENABLED=1   # Set as default on Daint Alps. Breaking change for non GPU-aware MPI code!

srun ./the-app



affinity.sh

#!/bin/bash
export LOCAL_RANK=$SLURM_LOCALID
export GLOBAL_RANK=$SLURM_PROCID
export GPUS=(0 1 2 3)
export NUMA_NODE=$(echo "$LOCAL_RANK % 4" | bc)
export CUDA_VISIBLE_DEVICES=${GPUS[$NUMA_NODE]}

echo Rank: $GLOBAL_RANK/$LOCAL_RANK sees GPU: $CUDA_VISIBLE_DEVICES on numa node: $NUMA_NODE

numactl --cpunodebind=$NUMA_NODE --membind=$NUMA_NODE "$@"

srun -N1 -n4 -c72 ./affinity.sh ./the-app



CRAY_CUDA_MPS

#SBATCH --nodes=2
#SBATCH --ntasks-per-node=32 # 32 MPI ranks per node
#SBATCH --cpus-per-task=8   
#SBATCH --account=<account>
 
export OMP_NUM_THREADS=8

# Assigns closest GPUs to ranks according to their CPU affinity.
srun ./mps-wrapper.sh <code> <args>

mps-wrapper.sh

https://confluence.cscs.ch/display/KB/Oversubscription+of+GPU+cards


--ntasks-per-node=4 -c72

-> Scientific Computing/Scientific Applications

https://confluence.cscs.ch/display/KB






cublas

daint-ln001:~/build/node-burn$ srun -N1 -n4 -c72 ./burn -ggemm,10000

nid006672:gpu    214 iterations, 42622.84 GFlops,     10.0 seconds,    2.400 Gbytes
nid006672:gpu    203 iterations, 40582.83 GFlops,     10.0 seconds,    2.400 Gbytes
nid006672:gpu    201 iterations, 40118.36 GFlops,     10.0 seconds,    2.400 Gbytes
nid006672:gpu    206 iterations, 41009.39 GFlops,     10.0 seconds,    2.400 Gbytes

https://github.com/eth-cscs/node-burn


cublas
float cublas

using value_type = float;

cublasCreate(&cublas_handle);
cublasSetMathMode(cublas_handle, CUBLAS_TF32_TENSOR_OP_MATH);

CC=gcc CXX=g++ cmake .. -DDOUBLE=OFF -DTF32=ON

daint-ln001:~/build/node-burn$ srun -N1 -n4 -c72 ./burn -ggemm,10000

nid006649:gpu    1328 iterations, 265526.72 GFlops,     10.0 seconds,    3.221 Gbytes
nid006649:gpu    1261 iterations, 252183.61 GFlops,     10.0 seconds,    3.221 Gbytes
nid006649:gpu    1315 iterations, 262859.93 GFlops,     10.0 seconds,    3.221 Gbytes
nid006649:gpu    1323 iterations, 264556.08 GFlops,     10.0 seconds,    3.221 Gbytes



OpenBlas

OMP_NUM_THREADS=71 srun -N1 -n4 -c72 ./burn -cgemm,3000

nid006672:cpu    364 iterations,  1964.63 GFlops,     10.0 seconds,    0.216 Gbytes
nid006672:cpu    358 iterations,  1930.91 GFlops,     10.0 seconds,    0.216 Gbytes
nid006672:cpu    350 iterations,  1887.75 GFlops,     10.0 seconds,    0.216 Gbytes
nid006672:cpu    342 iterations,  1843.75 GFlops,     10.0 seconds,    0.216 Gbytes

OpenBlas

OMP_NUM_THREADS=71

node-burn



node-burn

OMP_NUM_THREADS=1 srun -N1 -n1 -c1 ./burn -cstream,500000000

nid006646:cpu     25 iterations,    14.78 GB/s,     10.2 seconds

OMP_NUM_THREADS=16 srun -N1 -n1 -c16 ./burn -cstream,500000000

nid006646:cpu    353 iterations,   211.62 GB/s,     10.0 seconds

OMP_NUM_THREADS=64 srun -N1 -n1 -c72 ./burn -cstream,500000000

nid006650:cpu    751 iterations,   450.53 GB/s,     10.0 seconds



daint-ln001:~/build/node-burn$ OMP_NUM_THREADS=64 srun -N1 --ntasks-per-node=2 -c72 osu_bw -m 134217728 H H
# OSU MPI Bandwidth Test v5.9
# Size      Bandwidth (MB/s)
...
16384               11185.31
32768               16997.28
65536               28699.76
131072              40667.73
262144              52561.34
524288              52273.78
1048576             25893.22  # Performance drop for message > 1MB, protocol switch (eager -> rendezvous)
2097152             24912.75
4194304             20132.55
8388608             17849.81
16777216            14977.46  # matching the single-threaded memory bandwidth (./burn -cstream) 



prgenv-gnu

daint-ln001:~/build/node-burn$ OMP_NUM_THREADS=64 srun -N1 --ntasks-per-node=2 -c72 ~/affinity.sh osu_bw D D
# OSU MPI-CUDA Bandwidth Test v5.9
# Send Buffer on DEVICE (D) and Receive Buffer on DEVICE (D)
# Size      Bandwidth (MB/s)

...
16384                3995.67
32768                8042.68
65536               16022.34
131072              31954.64
262144              59236.19
524288              82370.28
1048576             99679.24
2097152            112164.52
4194304            120592.17



daint-ln003:~/build/node-burn$ OMP_NUM_THREADS=64 srun -N2 --ntasks-per-node=1 -c72 ~/affinity.sh osu_bw D D
# OSU MPI-CUDA Bandwidth Test v5.9
# Send Buffer on DEVICE (D) and Receive Buffer on DEVICE (D)
# Size      Bandwidth (MB/s)
...
16384               20389.44
32768               19104.43
65536               22400.52
131072              23368.16
262144              23705.47
524288              23770.06
1048576             23981.94
2097152             24029.10
4194304             24052.61










































































































