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A | grew up in HPC-Land

A Personal opinions
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EPI OBJECTIVES Epl

Components (low power microprocessor technologies) ...
ARM based SoC

RISCV based accelerator
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ARM-ZEUS GPP core

EPAC - EPI Accelerator

MPPA - Multi-Purpose Processing Array
eFPGA or FPGA - embedded FPGA
Cryptographic ASIC (EU Sovereignty)
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VISIONS AND COLLABORATIONS
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A STX:
A Specific Accelerator devices
A Al / BSC SMD \ ETHZ
A Stencil EhG
FORTH || ExTOLL
A RVV 4
A ISA is important, RISC-V Vector \Chalmers UNIZ/
A “Accelerator”
UNIBO
A Easier entry, focus CEA

A A Standard self hosted, general purpose vector SMP

FhG

A VRP:

A Extended precision arithmetic
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RVV
A RVB4GCV (A 8x)

A 2 way in order core

AXl Lite

A Decoupled VPU

A 8lanes

| Peripherals | | Peripherals | | Peripherals |

STX

A DL and stencil specific accelerators

A Long vectors (256 DP elements)

A L1- MESI coherency

A CHlinterface NoC A Extensions to planned NTX

A Programmable address generators A

A 1line / cycle )
A lightweight RISC-V core + fat FPU + (Streaming Semantics &FREP)

A L$2: 256KB/module

A Allocation control mechanisms VRP
A Variable precision processors

A Nointile L$3
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HOLISTIC CO-DESIGN
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HOLISTIC CO-DESIGN

CPUs/GPUSs/ASICS
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Leverage o|standa
Opportunity to innovate
CPUs/GPUs/ASICs and Contrlbute
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A Leverage ojstandal
VIRISCV

Opportunity to innovate
and contribute
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HOLISTIC CO-DESIGN
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BALANCED HIERARCHY

Workflow

HiehiE
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MPI

vectors

Accelerator
specific
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Long vectors| P, RISC-\/

256 elements. 8 lanes per core
oLi mitedd number of ogenerlal
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LATENCY A THROUGHPUT: ASYNCHRONY AND

OVERLAP
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Interoperability MPI ©OpenMP

A Taskify MPI calls

Task based model

U)

A Single mechanism

OpenMP

A Concurrency

A Locality & data
management

Long vectors

A decouple Front end — back end
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Task based
computational
workflows
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P RISC-V/

A Convey access pattern semantics to the architecture. Potential to optimize memory

throughput



Coordination
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a) Real behavior of parallel application
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== Running

=== Waiting comm.
=== Setial code
—pdib_parallel
=P dib_single
= Lend cpus

|11 dynamic
balancing

Composability, interoperability
(semantic impedance matching)

Vector Length Agnostic
(VLA) programming and
architecture

P RISC-V

i

MALLEABILITY & COORDINATED SCHEDULING

epl

A wish:
Handoff scheduling

Micro

architecture

decides

saxpy:

vsetvli a4, a@, e32, ms|
viw.v v, (al)

sub a@, a@, ad

slli a4, a4, 2

add al, al, a4

viw.v v8, (a2)
vfmacc.vf v8, fa@, vo
vsw.v v8, (a2)

add a2, a2, a4

bnez a@, saxpy

ret
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HOMOGENIZING HETEROGENEITY epl

Nested taskediorkshared

void axpy_omp_nest (double a, double *dx, double *dy, int n) {
int i, chunk;
#pragma omp taskloop
for (i=0; i<n; i+=TS) {

chunk= n>i+TS? TS : n-1i;

#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk]) en

axpy_omp (a, &dx[i], &dy[i], chunk); ®
}

void axpy_om double a, double *dx, double *dy, int n A
AN Y ) A Offload regular OpenMP

#pragma omp taskloop
for (i=0; i<n; i+=TS) {
chunk= n>i+TS? TS : n-i;

axpy_SIMD (a, &dx[i], &dy[i], chunk);
}
¥ void axpy_SIMD (double a, double *dx, double *dy, int n) { Memory
int i; I EPAC
#pragma omp simd GPP
for (i=0; i<n; i++) dy[i] += a*dx[i]; _
} ARMs %

VLA helps homogenize Heterogeneous Performamnce

A Regular ISA A
egutar {" RISC-V/ A HW support: IO coherence

A "™ Big — Little cores, ...
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DETAILED ANALYSIS AND INSIGHT ON BEHAVIOR
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Serialized communication pattern

parallelization

Serialized unpacking

of individual unpacks

LRU Stack distance (colored str)

Access pattern (colored by PC)

Instrtiming (colored byinstr)
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LONG VECTORS Epl

- | Vi RISCV
A Raise ISA semantic level -
A Vector instructions == tasks Appllcatlons
A “less words, more work” : .
) ’ PM: HigHevel, clean, abstract interface
A The importance of ISA
Runtime
A Parallelism
A Decouple Front end — back end E;‘
A Less pressure, throughput orientation §§ ISA /API
A 000 execution *
& Vis é’n R
) . \'\e&.. Co . "'sual‘;‘?-. -..IiZHti '_O o
A Osmotic membrane por s 0 SV
6\6

A Convey access pattern semantics to the architecture.
A Potential to optimize memory throughput.
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AVISPADO 220 WITH VPU

RISCV64GCV .

European
Processor
Initiative

Coherent

Gazzillion Interface
pc ] s g Queuey oo g

ITLB

30 PARTY VPU

Courtesy REspasa
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VPU: A PROCESSOR IN ITSELF

A Hierarchical “accelerator” integration

A Program & data served by scalar core (Coherence; “punch tape program
J)

A Fine grain “offloading” of “vector tasks” (directly hardware supported)
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A Homogenized heterogeneity under single “standard” ISA interface

defining program order

A Implementation
A #FUs << VL (lanes=8, VL=256)
A Some 000

A Resources to overlap?

A L/S, FU, shuffling

A Renaming

A 40 physical registers

A Single ported register file
A Large state
A 5 banks/lane providing sufficient bandwidth for 1 op/cycle (latency/BW trading)

[rTeT T -
I —_'@ S N
srongpurren J

A Data shuffling: directional ring
OVitruviEsTiAnehAhntedecoupl e

F.Minervinj O.
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VPU VPU
L2'HN 0 N

Avispado Avispado
VPU VPU
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FPGA BRIDGE
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TEST CHIP AND BOARD
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happy@epac$ axpy 1024
Running AXPY Scalar with 1024 array elements
init time: 45060 cycles

axpy scalar reference ti

done

Result ok !!!
happy@epac$ vaxpy 1024
Running AXPY Vector with 1024 array elements
init time: 45043 cycles

axpy vector time

done
Result ok !!!
happygepacs i

copy scale add triad

~25X
while only 8x FPUS
A Long vectord!
A Memory Bandwidth
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1-4 cores
STREAM.- 1-4 cores
e et CORY STREAM
§§ ADD
] 1-4 cores

4x VPU 3%
Cores §§
Start N

IDLE &
» 3206
E
H 40

‘W Release
RESET

VFMA

S| | uemm RESET

1-4 cores
STREAM
TRIAD

1-4 cores
STREAM
SCALE

0 200

800 1000
sample (sec)

[sudo] password for epac:
Waiting for server ...
Waiting for server ...
Waiting for server ...
Waiting for server ...
Waiting for server ...
Waiting for server .

EPAC JTAG Console Client 0.1

Press CTRL+A for exit

user@epac$ jpeg_benchmark
JPEG scalar reference time:

done
user@epacs I

lepac@EPAC: ~/Desktop/etc_tools-master_v20211206/etc_tools-m

iConnection with server established!

iConnecting to JTAG Console [3] ...

255667444 cycles
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EPI SDV ECOSYSTEM

RISC-V cluster
Commercially available RISC-V platforms

Porting and configuring HPC software stack and
increase productivity (e.g., SLURM, MPI, OpenMP,
BSC tools, SDV1.2)

SDV: RVV @ FPGA nodes
Cl Infrastructure: Validation at “scale”
Software development and co-design steering
Test real “complex” codes @ real RTL

EPAC1.5 RTL improvement

Give to EPI partners and interested users easy
access to the latest EPAC technology

Two step procedure
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VCU 128 dev kit

VCU 128 dev kit
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256KB ;

Self hosted RVV node @50MHz

8 lanes NOC — &l AXI /
E R ey
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RTL Repo
Operations NFS
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SYSTEM SOFTWARE @ SDV - ENVIRONMENT epi

float complex A[n][n];
float complex templ, temp2;

for (int j = 0; J < n; j++) {
A OS ; if (x[j] != ZERO || y[j] !'= ZERO) {
templ = alpha * conjunction(creal(y[jl), cimag(v[j1)}:
temp2 = conjunction(creal (alpha * x[j]), cimag(alpha * x[j1));

A Kernel: Efficient context switches, large pages, network drivers, B T D e e Y i« comt « wii1 + semn:
PMU, DTB relocation patch,... etse A1) © el I | e e )
} for (3) (
4 . . . #pragma clang loop vectorize (enable)
A Root file system: Busybox / Buildroot / Debian/ Ubuntu veid SHN_vec(double *a, long fox (0 (-
» . . . . . . . for Sint row = @; row < n V[IDX3_1('i,j,k)] =_2-‘f*l1[IDX3_l(ir]:r].C)]
A Dynamic linked libraries, package installations, start/shutdown services e e o ] 1y, DRSS, IR LIS (3 0 ) aps

(I_DAP, NFS) int idx = ia[row];

_ epi 1xf64 v_a, v_x, v _prod, v_partial res;
_ epi_1xi64 v_idx row, v_three;

y[row]=0.9;
v_partial res = _ builtin epi vbroadcast_ 1xf64(0.0, gvl);
for(int colid=0; colid<nnz_row; ) { //blocking on MAXVL
e . gvl = _ builtin epi vsetvl(nnz_row - colid, _ epi e64,
A Compiler —epin);
v_a = _ builtin_epi vload 1xf64(&a[idx+colid], gvl);
v_idx_row = _ builtin_epi vload 1xit4(&ja[idx+colid], gvl);
4 . . v_three = _ builtin_epi vbroadcast_1xi64(3, gvl);
A |ntr| nleS v_idx_row = _ builtin_epi_vsll_1xi64(v_idx_row, v_three, gvl);
V_X = _ builtin_epi_vload_indexed_1xf64(x, v_idx_row, gvl);

v_prod _ builtin_epi_vfmul_1ixfe4(v_a, v_x, gvl);

A Auto m Otl C Ve CtO ri 7 th O n v_partial_res = _ builtin_epi_vfredsum_1xf64(v_prod,

v_partial_res, gvl);

colid += gvl;
A M I :

A OpenMPl @ 1 GbE

}
y[row] += _ builtin_epi_vgetfirst_1xfe4(v_partial_res,gvl);
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