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Overview




Hunter - Stepping Stone System

oHunter will be based on the HPE Cray EX4000 platform
* HPE Cray EX255a (El Capitan blade architecture)
* HPE Cray Slingshot Interconnect

oWork File Systems
* HPE Cray ClusterStor E2000 Lustre Appliance
 FS1: 13PB
 FS2: 13PB

oHome File System: 540TB




HPE Cray EX 4000
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HPE Cray Supercomputing EX 4000

Cooling manifolds

Switch
chassis

Switch
blades

Compute
chassis

Compute
blades

Cooling
manifolds

distribution
unit




HPE Cray Supercomputing EX 255a Single Node Overview
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HPE Cray Supercomputing EX 255a Single Node Overview
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HPE Cray Supercomputing EX255a Node Architecture

LOM

X16 PCle® Gen5

X16 PCle® Gen5

X16 PCle® Gen5

X16 PCle® Gen5

2x128 GB/s
6x128 GB/s peer-
to-peer per APU

M.2 NVMe

M.2 NVMe




HPE Cray Supercomputing EX255a Specs

HPE Cray Supercomputing EX255a Hawk Apolio 8000

Form Factor 1U blade for EX4000 and EX2500 1U blade Apollo 8000
Processors AMD MI300A APU EPYC 7742 CPU
Compute Blade Two 4-socket MI300A APU nodes Four 2-socket AMD Rome nodes
Core Count 24 CPU Cores and 228 Compute Cores per APU 64 CPU Cores per CPU,
96 CPU Cores and 912 Compute Cores per node 128 CPU Cores per node
Memory / blade 128GB HBM3 per MIZ00A APU; 512GB HBM3 per node  128GB DDR4 per socket, 256GB per Node
Memory Technology HBM3 ~5,3 TB/s per MIZ00A APU DDR4 ~205 GB/s per CPU socket
Intra Node 6x 128GB/s per APU, 2x 128GB/s Peer-to-Peer 96 GB/s Peer-to-Peer
Local Storage O or 1 local NVMe M.2 SSD per node -
Fabric Option HPE Slingshot 11 Infiniband HDR200 Socket-direct
(4 injection ports per node, 4x 200 Gbps) (1 injection port per node, 1x 200 Gbps)



HPE Cray Slingshot
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HPE SLINGSHOT

Dragonfly Network Architecture
e Packet-by-packet routing of unordered traffic

(e.g. MPI/Lustre bulk data) optimally routed at each hop
« Adaptive routing of ordered traffic (e.g. Ethernet)

Each new flow can fake an optimal new path

Rosetta Switch

64 port switch, 200 Gb/s

» Advanced adaptive routing
e Congestion control, QoS

Cassini NIC

e MPI hardware tag matching

MPI progress engine

Hardware support for one-sided operations

Hardware support for collective operations
200 Gb/s

—

Destination
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https://brandcentral.hpe.com/

Achieving great performance on tightly coupled codes

e Objective: overlap comms and compute

Computation

Communication

Acceleration Goals:

* Bypass host for processing communications
* Reduce overhead for message orchestration
* Reduce the number of messages needed

* Simplify writing of codes with “strong progression”

HPC Offloads

12



Achieving near maximal Bandwidth with fine grained adaptive routing

In-House System (Shandy) Test -
Global Link Load - all-to-all communications
Theoretical maximum per link (200 Gbps)= 25 Gbps
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“Shandy” in-house system

8 groups, 1024 nodes

Dual CX5 injection per node

25 TB/s aggregate injection BW o
50% global bandwidth taper Destination
12.5 TB/s aggregate global BW




AMD MI300A
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3rd Generation 4th Generation
Infinity Architecture Infinity Architecture

2021 2023

15 | AMD INSTINCT™ MI300 Series Family | Q423 | PUBLIC



AMD ¢\

AMD Instinct™ MI300A Accelerator N
8 HBM3
6 XCDs 4 10Ds
228 AMD CDNA™ 3 CADI:1\IE ‘3"' stacks
compute units
256 MB
AMD Infinity Cache™ technology
3 CCDs O
24 “Zen 4” x86 cores CPU . 3.5D packaging

AMDZ
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[Public]

AMD Instinct™ MI300A

Accelerator Complex Die (XCD)
228 AMD CDNA™ 3 Compute Units

1/0 Die (IOD)
256MB AMD Infinity Cache™

4 x16 4t Gen Infinity Fabric™ Links
4 x16 PCle® 5

3 CPU Complex Die (CCD)
24 x86 “Zen 4” Cores
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HBM3
8 physical stacks
AMD Instinct™ MI300A: 128 GB (8H)

~5.3 TB/s Bandwidth

Package
3D hybrid bonded
2.5D silicon interposer

AMDZ1
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[Public]

Compute Unit

SIMD-16 xDL
(256xMFMA-BF16&F16 / 512xMMAD-INT8 / 32xMFMA-F32)

Branch & Message Unit
Vector ALU

Scalar Unit (2xMFMA64 / 1XVFMAG64 / /2xFMA16 )

Load/Store Units
(16 lanes)

Scheduler

CJ  VectorRegisters = ENEE
Scheduler L | Data Shar J(HCHOF YILS Matrix EOME Fnﬁmmmmmmmmmmmmmm[”:”jm L1 Cache
el bata share | e pen e e e P e e O I e ]
Local Data Share Scalar Registers Vector Registers Vector Unit L1 Cache
(64 KB) (16 KB) (4 x 128 KB) (SIMD-16) (32 KB)
(128 B/ cycle)
64 work-items grouped into wavefront executing “in one pass”
AMD1
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[Public]

XCD — Acelerated Complex Die

38 Compute Units

4 Asynchronous Compute Engines (ACE) send workgrpous to CUS
8 Hardware Queue Descriptors (HQD) per ACE
Shared L2 cache

AMDZ1

19 | AMD INSTINCT™ MI300A | HLRS TRAINING | PUBLIC together we advance_



APU Advantage

Shared
Unified Memory AMD Infinity Cache™
technology

Dynamic Power Ease of
Sharing Programming

AMDA



Programming Models
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AMD T UNIFIED MEMORY APU
MI30O0OA ARCHITECTURE BENEEITS

AMD CDNA™ 2 Coherent Memory Architecture ) AMD CDNA™ 3 Unified Memory APU Architecture

= Eliminate Redundant
CPU GPU Memory Copies

AMD Instinct™ APU

= No programming
— distinction between host
and device memory spaces

” ””” = High performance, fine- ” ”””

CPU grained sharing between
Memory CPU and GPU processing
(DDR) elements

= Single process can address
all memory, compute

. . , elements on a socket AMDZ1
22 The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public together we advance_




APU PROGRAMMING MODEL

CPU CODE

double* in_h = (double*)malloc(Msize);
double* out_h = (double*)malloc(Msize);

for (int i=0; i<M; i++) // initialize
in_h[i] = ..;

in_h, out_h

for (int i=@; i<M; i++) // CPU-process
. =out_h[i];

GPU CODE

double* in_h = (double*)malloc(Msize);
double* out_h = (double*)malloc(Msize);

for (int i=0; i<M; i++) // initialize
in_h[i] = ..;
hipMemcpy ( ,in_h,Msize);

hipDeviceSynchronize();
hipMemcpy (out_h, sMsize);

for (int i=@; i<M; i++) // CPU-process
. =out_h[i];

« Explicit memory management between CPU & GPU

e Synchronization Barrier

23 The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public

APU CODE

double* in_h = (double*)malloc(Msize);
double* out_h = (double*)malloc(Msize);

for (int i=0; i<M; i++) // initialize
in_h[i] = .;

in_h, out_h

hipDeviceSynchronize();

for (int i=@; i<M; i++) // CPU-process
. =out_h[i];

AMDZ1
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APU PROGRAMMING: PERFORMANCE IMPLICATIONS

GPU CODE

CPU GPU AMD Instinct™ APU

double* in_h = (double*)malloc(Msize);
double* out_h = (double*)malloc(Msize);
hipMalloc(&in_d, Msize);
hipMalloc(&out_d, Msize);

1314

for (int i=0@; i<M; i++) //initialize

in_h[i] = ..; CPU
hipMemcpy(in d,in_h,Msize); M
’ emory
gpu_func<< >>(in_d, out_d, M); (DDR)

hipDeviceSynchronize();
hipMemcpy(out_h,out d,Msize);

for (int i=@; i<M; i++) // CPU-process
. = out_h[i];

0(10) GB/s

e GPU memory allocation on Device
* Explicit memory management between CPU & GPU
* Synchronization Barrier
AMDQ1

24 The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public together we advance_



APU PROGRAMMING: PERFORMANCE IMPLICATIONS

APU CODE

CPU

double* in_h = (double*)malloc(Msize);
double* out_h = (double*)malloc(Msize);

for (int i=0@; i<M; i++) //initialize

in_h[i] = ..;
in_h[1] CPU
Memor
gpu_func<< >>(in_h, out_h, M); (DDR)y

hipDeviceSynchronize();
for (int i=@; i<M; i++) // CPU-process
.. = out_h[i];

Coherent Access

X : :
Explicid ’ c bed U g epy]

* Synchronization Barrier

25 The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public

GPU

1314

0(10) GB/s

AMD Instinct™ APU

1

1

AMDZ1
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PROGRAMMING ACROSS FRAMEWORKS/COMPILERS

OpenMP® CODE RAJA CODE
#pragma omp requires unified _shared _memory
double* in_h = (double*)malloc(Msize); double* in_h = (double*)malloc(Msize);
double* out h = (double*)malloc(Msize); double* out h = (double*)malloc(Msize);

for (int i=@; i<M; i++) // initialize

for (int i=0; i<M; i++) // initialize in_h[i] = ..;

in_h[i] = ..;
#pragma omp target RAJA: :forall< exec_policy >(arange, [=]
{ ..} (int i) { . } );

for (int i=@; i<M; i++) // CPU-process
. = out_h[i]; for (int i=@; i<M; i++) // CPU-process
. = out_h[i];

KOKKOS CODE

double* in_h = (double*)malloc(Msize);
double* out h = (double*)malloc(Msize);

for (int i=0; i<M; i++) // initialize
in_h[i] = ..
Kokkos: :fence();

for (int i=@; i<M; i++) // CPU-process
. =out_h[i];

Exnlicis c bed U g epyy

* Synchronization Barrier

26 The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public
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APU OPENMP PROGRAMMING

L=
GPU CODE W/ MI300A
#pragma omp requires unified shared_memory
#pragma omp target
{
}——— -
CPU-processing
for (int i=@; i<M; i++) // CPU-process

. = out _h[i];

(Implicit) Synchronization Barrier

The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public
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SYNCHRONIZATIONS ON AN APU

TIME
GPU CODE W/ MI300A

gpu_func<< >>(in_h, out_h, M);
hipDeviceSynchronize(); - >

for (int i=@; i<M; i++) // CPU-process
.. = out_h[i]; _
CPU-processing

» Synchronization barrier requiring

GPU kernel to complete

AMDZ1

The AMD Instinct MI300 APU Programming Model | Presented at ESPM2 at SC23 | AMD Public together we advance_



RESEARCH: OVERLAP CPU & GPU
AT CACHE LINE GRANULARITY

APU CODE W/ MI300A TIME

gpu_func<< >>(in_h, out_h, M);

. L] s ,' 1
hipDeviceSynchronize)s— CPU-processing
for(int j = 0; j<Isize; j++){

post _process(out_h[j]); // CPU-process
}

* No Synchronization barrier; GPU kernel not required to complete
* Requires fine-grained memory allocations (128B)

AMDZ1
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HIP STANDARD PARALLELISM

AMD providing support for advanced C++ in LLVM: today, entirely Open Source Software (OSS)
Only supports par_unseq acceleration currently
https://discourse.llvm.org/t/rfc-adding-c-parallel-algorithm-offload-support-to-clang-llvm/72159/3
Re-uses HIP support in CLANG/LLVM and algorithms from libraries (rocThrust)

Available today: https://github.com/ROCmSoftwarePlatform/roc-stdpar
More than 23 applications tested and running (LULESH, etc.)

std: :transform(
std: :execution: :par_unseq,
indices.begin(), indices.end(), grid.begin(),
[1(size_t index){
return expensive_calculation(index);

SN oo B W N

=
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AMDZ1
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https://discourse.llvm.org/t/rfc-adding-c-parallel-algorithm-offload-support-to-clang-llvm/72159/3
https://github.com/ROCmSoftwarePlatform/roc-stdpar

CONCLUSIONS AND RECOMMENDATIONS

* MI300A is an APU with a unified memory space between CPUs and GPUs
* Portable programming paradigms such as RAJA, Kokkos, and OpenMP® should not require code refactoring
* HIP code should compile and run ‘out-of-the-box’
* HIP code can be optimized to:

AMD

1) Remove redundant memory allocations and migrations INSTINCT

2) Perform fine-grained (cache line) sharing between CPU and GPU

e Stay tuned for advanced capabilities such as:

* Automatic library offload

e Standard parallelism

AMDZ1
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Thank you!
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