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DISCLAIMER

epl

| grew upin HPC-Land

»  Personal opinions
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EPI OBJECTIVES epl

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

RISCV based accelerator
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OVERALL ARCHITECTURE
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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

= STX:
= Specific Accelerator devices f \
. B ETHZ
5 . >C SMD
= Stencil FhG
FORTH || exToLL
= RVV E4
= [SAis important, RISC-V Vector \Chalmers UNIZJ
= “Accelerator”
UNIBO
= FEasier entry, focus CEA

= - Standard self hosted, general purpose vector SMP

FhG

= VRP:

» Extended precision arithmetic
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RVV
= RV64GCV (> 8x)

= 2 way in order core

» Decoupled VPU

" 8 lanes

= Long vectors (256 DP elements)
= [1-MESI coherency

= CHl interface NoC
= 1line/cycle

» |L$2: 256KB/module

= Allocation control mechanisms

= Nointile L$3
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STX

» DL and stencil specific accelerators

m Extensions to planned NTX

= Programmable address generators -
= lightweight RISC-V core + fat FPU + (Streaming Semantics &FREP)

VRP

= Variable precision processors
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HOLISTIC CO-DESIGN

Initiative

Best place to address an issue
Fundamentals

Balance

Mindset

Productivity

Efficiency
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HOLISTIC CO-DESIGN

Initiative

Best place to address an issue
Fundamentals

Balance

Mindset

Productivity

Efficiency
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LEVERAGE INTERFACES AND IMPLEMENTATIONS

Leverage “standards”
Opportunity to innovate
CPUs/GPUs/ASICs and contribute
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LEVERAGE INTERFACES AND IMPLEMENTATIONS

e ". ’ I.
& Leverage “standards”

Opportunity to innovate
\/
L RISC and contribute
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HOLISTIC CO-DESIGN epl

“As above, so below”

Similar concepts/mechanisms at all levels

“Steered by a vision”
“Steered by detailed insight”

Principles
. Balanced hierarchyh

u
. latency ~> throughpt:
. lIf\:s\\\ea\);i\'\ty and coordmaFed sc
. Homogenize heterogeneity

t; asynchrony & overlap
heduling
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BALANCED HIERARCHY

Workflow

MPI

vectors

Accelerator
specific
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106 =1 x10° =10 x 10° = 102 x 102 x 10?

Long vectors {E RISC-V

256 elements. 8 lanes per core
“Limited” number of “general purpose” control flows within tile
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Expression &
exploitation of
Parallelism
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LATENCY - THROUGHPUT: ASYNCHRONY AND

OVERLAP
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Task based

computational Lot pg@
Interoperability MPl + OpenMP workflows
Task based models

= Single mechanism

[ Concurrency a #
\ \ \ \.‘"_:"-\,

. o \onst | T i 1+ Thaieiy " IAiIll‘i:EI'_:.lltlltlill s

= Locality & data . I gl AN b1 A1 AL B
management TP —— g e ‘
%I\’q"l %'4 %'! ‘ %,‘1 | ! { I

Long vectors

= decouple Frontend — back end :;!a RISC-V

m  Convey access pattern semantics to the architecture. Potential to optimize memory
throughput



MALLEABILITY & COORDINATED SCHEDULING

Coordination
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Composability, interoperability

(semantic impedance matching)

a) Real behavior of parallel appicasion =

MPIt

MPI2

Vector Length Agnostic

ISA ‘%
(VLA) programming and ‘

architecture Y icra |
P RISC /
I
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A wish:
Handoff scheduling

Sanpy
| wsetvli a4, ag, o32, n8
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HOMOGENIZING HETEROGENEITY
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| void axpy_omp

§)

void axpy_omp_nest
int i, chunk;
Hpragma omp taskloop
for (i=0; i<n; i+=TS) {
chunk= n>1+4TS? TS : n-4;
#pragma omp target map(to:dx[i:ischunk], tofrom:dy[i:ischunk])
N axpy_omp (a, &dx[i], &dy[i], chunk);

(double a, double *dx, double *dy, int n) {

(double a, double *dx, double *dy, int n) {

int I, chunk;
Npragma omp taskloop
for (i=0; i<n; £+=TS) {
chunk= n>4+75? TS : n-4;
axpy _SIMD (a, &dx[1], &dy[1], chunk);

}

void axpy_ SIND
int §;
Hpragea onp sind
for (1=2@; d<n; d44) dy[i] += a*dx[i];
}

(double a, double *dx, double *dy, int n) {

VLA helps homogenize Heterogeneous Performance

= Regular ISA :y‘ RISC-/

= " Big — Little cores, ...
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Nested tasked/workshared

OpenMP

= Offload regular OpenMP

Memory
PP |
ARME

EPAC

= HW support: IO coherence
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DETAILED ANALYSIS AND INSIGHT ON BEHAVIOR
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LRU Stack distance (colored by instr)

....|

Access pattern (colored by PC)

Instr timing (colored by instr) : s
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T & (A

R

Try to avoid flying blind in the midst
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LONG VECTORS

Raise ISA semantic level

Vector instructions == tasks
“less words, more work”

The importance of ISA

Parallelism

Decouple Front end — back end
® |Less pressure, throughput orientation

000 execution

Osmotic membrane

Convey access pattern semantics to the architecture.

Potential to optimize memory throughput.

Srping 2022 RISC-V Week. Paris. May 4th 2022

P, RISC-V
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Applications

PM: High-level, clean, abstract interface

Runtime

ISA / API
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AVISPADO 220 WITH VPU

E&&

RISCV64GCV

Srping 2022 RISC-V Week. Paris. May 4th 2022

ITLB

R Coherent

- S
?

B

m Interface
Gazzillion

3rd PARTY VPU

Courtesy R. Espasa
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VPU: A PROCESSOR IN ITSELF epi

= Hierarchical “accelerator” integration

u gogrom & data served by scalar core (Coherence; ~punch tape program
)

= Fine grain “offloading” of “vector tasks” (directly hardware supported)

- e e e e s s - e e e g

= Homogenized heterogeneity under single “standard” ISA interface
defining program order

" |mplementation
" #FUs <<VL (lanes=8, VL=256)
= Some 000

= Resources to overlap?

= /S, FU, shuffling

= Renaming

= 40 physicalregisters

= Single ported register file
= Large state

= 5 banks/lane providing sufficient bandwidth for 1 op/cycle (latency/BW trading)

= Data shuffling: directional rin
J J “Vitruvius: An Area-Efficient Decoupled Vector Accelerator for High Performance Computing”

Srping 2022 RISC-V Week. Paris. May 4th 2022 F. Minervini, O. Palomar. RISC-V Summit 2021
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EPAC TEST CHIP epl

ITAG)
e y y “VPU mi tiles”
e i [l microtiles
. . STX Tée ‘ Core uTée ‘
“STX microtile” AXI4Lte Xoar ; Avispado Avispado

VPU VPU
L2 HN L2 HN

Avispado Avispado
VPU VPU
L2 HN L2 HN

2 bits 10 each AVP

FPGA BRIDGE

serdes serdes

.UNIZG " em . esc| mouf—i swo| | cea [ [Fonnchaimers
“1/O microtile” FHe

Srping 2022 RISC-V Week. Paris. May 4th 2022 20
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TEST CHIP AND BOARD

Srping 2022 RISC-V Week. Paris. May 4th 2022

happy@epacs axpy 1624
Running AXPY Scalar with 1024 array eclements
init time: 45860 cycles

axpy scalar reference t'l

done

Result ok !1!
happy@epac$ vaxpy 1024
Running AXPY Vector with 1024 array elements
init time: 45843 cycles

axpy vector time

done
Result ok !1!
happygepacs [

copy scale add triad

~25x

while only 8x FPUs
- Long vectors !!
- Memory Bandwidth
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1-4 cores
STREAM. 1.4 cores

Initiative
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e | i ——— cQRY STREAM
- ADD
s 1-4 cores

B 1-4 cores
| Release STREAM
B RESET SCALE

i=| Mgu== RESET

4x VPU b VFMA
Cores
Start N
IDLE “;
N\
1

1-4 cores
STREAM
TRIAD

. ) 4 - -
Serww bt

[sudo] password for epac:

Malting for server ...

Watlting for server ...

Hatting for server ...

Ratting for server ...

Walting for server ...

Watting for server

Konnection with server established!
[EPAC JTAG Console Client 6.1
Konnecting to JTAG Console [3] ...
Press CTRL+A for exit

Melcome 20 EPAC TC Wring-Up Shel |

user@epacs jpeg benchmark
JPEG scalar reference time: 255667444 cycles

sergepacs ]

lepac@EPAC: - /Desktop/etc _tools-master v20211206/etc_tools.n

21
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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

VLU |28 dev kit
Cl Infrastructure: Validation at “scale” = ——— RTL Repo
] veu e F
Software development and co-design steering VU 128 dev it SE—
Test real “complex” codes @ real RTL ‘ H H E‘
EPAC1.5 RTL improvement Adspado | —gmor ]
;
Give to EPI partners and interested users easy f . I |
access to the latest EPAC technology ] 5 G e |
Two step procedure Bl T
LA
Self hosted RVV node @50MHz

Srping 2022 RISC-V Week. Paris. May 4th 2022
22



SYSTEM SOFTWARE @ SDV - ENVIRONMENT

= Kernel: Efficient context switches, large pages, network drivers,

PMU, DTB relocation patch,...
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floar complex Aln] [n]
fiocat ccaplex temgl, :aﬂp-:;

£ (inT 3 = 07 3 < n: J+¢) {

if |x[3] != ZERO || y[3] != ZERO) |
templ = alpha * conjuncuion(ecreal(y(dl), cimagiy[i1)):
temp2 = conjonctiom(creal(alpha * x[31), cimaglaipha * x!jl));
fipragma clang loop wvectorize (assume safety)
for (int 1 =0; i <= 3 - 1; i4s) afilli]

Al3113) = creal(AII113]) + creai(d void target {rmer 34 () (
| elze A{jFI[3] = creal (A{3](33); for (i) | =

for (1) |

= Root file system: Busybox / Buildroot / Debian / Ubuntu

= Dynamic linked libraries, package installations, start/shutdown services

void SpMV_vec (double *a, long
{

for (int row « @; row < nr
int nnz_row = 1a[row 4

fpragma clang loop vectorize (enable)
for (k) |
lap = 1Lap;
viIox3 1¢i, 3,k = 2.f%a[1D%3 1(3,3,%))

-VII0K3_1(5, 3, K 1+vplIDX3(1, ), k)] *1ap:

m  Compiler

(LDAP, NFS)

prantreciepes | /ptIpAL splrun

-5 3

- teutdile hettile

S b

unsigned long gvl; 1111

int idx = ia[row];
_epi_1xf64 v_a, v_x, v_prod, v_partial_res;
_epi_1xi64 v_idx_row, v_three;
ylrow]=0.9;
v_partial res = _ builtin_epi_vbroadcast 1xf64(0.0, gvl);
for(int colid=0; colid<mz_row; ) { //blocking on MAXVL

gvl = __builtin_epi_vsetvl(mnz_row - colid, _ epi_ect4,

—epi_ml);

v_a __builtin_epi_vload_ixf6a(&a[idx+colid), gvl);

5 660 W1 Sanduadth Tost 5.8 v_idx_row = _ builtin_epi_vload_1xi64(&ja[idxscolid], gvl);
. . ¢ Suee Basielith /s v_three = _ bulltin_epi_vbroadcast_1xisd(3, gvl);
n |ﬂtr|ﬂS|CS f o v_idx_row = _ builtin_epi_vsll_1xib4(v_idx_row, v_three, gvl);
‘. “. v_x = __builtin_epi_vload_indexed 1xf6d(x, v_idx_row, gvl);
:, :: v_prod = __builtin_epi_vfmul_1xf6a(v_a, v_x, gvl);
] H H H 1 o v_partial res « _ builtin_epi_vfredsum_1xf64(v_prod,
Automatic vectorization “ e psrtial_revs evh;
b ::; colid += gvl;
1604 en
bore :;: ylrow] += _ builtin_epi_vgetfirst_1xfea(v_partial_res,gvl);
' “PI Sl A 9 A A kS ,
080 W1 Lateacy Test w30
S Uterdy Cedl
= MP] ; 1 — = A
i e 34 - ~ e
: = — T H J l =1 | = |
1% ] o
= OpenMPI@M(EbE » 3 'fy o o] gdeDu [RHS000
us 1818 ’ sy - o
e e D
313 e <A S -
182 wase v ' D,._ — 11 1t
ot 13443 5 ! — 1 —
e FTTREN = i [ S
e~ 1 =
[} ':: [ - L oY — Jo_ [T
Srping 2022 RISC-V Week. Paris. May 4th 2022 i —
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SDV — COMPONENTS

A European
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Timing model
—>» Vehave emulator RVV
prv
— trace
C-cbde —) LLVM compiler Binary
with RvV Software from EPI
R = App output 1] Hardware from EPI
—>» Hw counter —3 )
Real RVV hardware Timing .| Input app from third party
Output to study
RVV = RISC-V with Vector Extension Support Current FPGA implementation 1 core @ 50 MHz
Vector support is provided through: Expect to scale to dual/quad core by end of 2022
* Inline intrinsics Full linux support
* Auto-vectorization by the compiler
More info:

Srping 2022 RISC-V Week. Paris. May 4th 2022 24
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European
Processor
Initiative

SDV — VECTOR PERFORMANCE epl

Jacobi 2D

= . vs. state of the art

(13 ”» Vector
Stream SDV3.4-Load — NEC-Copy : = S : :
MN4&-Copy * SDV3.4-Copy — . . . = ek { 3 M.\»l_ |
SDV3.4-Store — SDV3.4 Scalar - Copy 3 4 NECHR
I = * g ] SIV34
i NECLD o 3
= EPAC.. i) Far- e z _.
o 132.608/c 1 E I I 3
° -
To0e8 409

= 256 512 1024
% St
=
(Xeon, NEC, A64FX, FU740, ..) s | ]
-
@ MN4 Mom 4
- SpMV
SOV3.4 Scalar 1.2 SOV3.4 Scabar Mem ane MNL .
1F | i ;.ﬂ.’.-—.,‘( { | .:“ .‘““( 3 om ‘4‘\'1\-\':::1:
20 W IRl ol W i A % . SOVAS - Scalar
Buffer size [B] < om0
£
= 040
o
am = = o e oy
MareNostrumé 1 cageo cagel ;:.s:‘“ cagel cagrts
NEC ™
Shy m HACC
‘NL CTE-Arm
100 =~ —MareNostruma 1R
: NEC
L § 1 SOV

16 32 66 128 256 512 W02 2068 4096 8192 16384 32768 65536 131072 262144524288

FFT size {elements)

41h Sth Gth
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4 IEUPILEAT

“\ « GROMACS
 EPI « EC-EARTH

140 Minimod

e .
o Toy. \_* OneDNN )
AL
- - - - - ( P av ¥4 \ ( e \
g G UNIVERSITAT
Scalar: 1035.5 s gicilre m‘u;“ ¥ 15, E(EH\II\[L% RJIC(!:
Vector: 29.3s B SN e COMPLU'I’IEI\'SE pUrd g a
Bolt ° Glnkgo

o \_  BLIS ) \_

RN = Intel (2.5GHz): 0.0303 s
Bt Unmatched (1.2GHz): 0.1634 s

A— ] SDV Scalar (50MHz): 5.8462 s / w e Climate dwarfs\
L |

J

o e —— SDV Vector (50MHz):  3.7104 s _— - )
cnununroprmmm | Lnpack Tevedly ¢ Thlite
o —_ @i @5 | Containers
Sl WL e |52 o
EEERRRIINN _ W~z = =lsl=l= * PyCOMPSs

R | B '
e MEEP - sk
- : | | = - e . Pytorch
\_ SRR R R refave | - * PostgressSQL
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LOD IN BEHAVIOR ANALYSIS

HPL Ef

moon

cieney
RN TP
%0
E
S 2o
P —
2w e WMo rye=s

80  edm 80 we0  10MO Y

BLAS functions @ hpl_NS120_MB2S6.prv.gz

342,264,173, 090 =

THREEAD 3.3.1

T

) AL, 434,643,539
BLAS functions duration @ hpl_NS120_NBISE.prv.

THREAD 3.3.13

B31,424 842 599 =

=
24,465,971,821 >

& 343304, 379 00

=
< 134,000

12,233,083,160.
IPC @ hpl_NS120_WB256.prv.gx

THREAD 3.3.3

Extrae + Paraver

342,364 5TV, M08

.00
lization ¢ hpl _NS1298 WE2SE.prv.gz

Standard HPC

inStrumentation 343,364,579, 908 = TR
analytics and B ————

1.1.1

visualization
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(3551 1,200, Saeeen e

Instruction Tasue @ Mas_guillem kK. ila.prv
Sl e
LA -

Top of %08 § Man_guillem K8, ila.pry

Vehave + MUSA

Detailed analysis ...
... of flexible what-ifs
at ISA/pArch level

mesory speration internals & s pudtlem_BX. 31, pry

» r - I~ -
e
140 -

SDV@FPGA

Detailed analysis ...
... of actual RTL ...
... at“large” scale
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EPAC 1.0

EPAC 1.5

P2: PHY

~ yearly RTL dev. cycle

Research
Prototype

P
<

» €

|

»
|

Research
Prototype

e ) | | S [ —

2020
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2021

2022

2023

2024

2025

2026

A European
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THE IMPORTANCE OF A VISION

RISC-V: also an option for HPC EPAC & Sagrada Familia ?

I “special” instructions ‘

I Program steered cache allocation |

LONG vectors

= Holistic throughput oriented vision based on long

vectors and task based models * Thereis something “special” ..
* ...showing the way ...
= Hierarchical concurrency and locality exploitation * SSUSEningEtheeion

= Not massive concurrency at a given level

The throughput o
oriented facade | - JIERH

= Push behaviour exploitation to low levels Hyy
v —\,Mﬁ"l »
:

PRISC-

= Co-ordination between levels

= Make it all look very close to classical sequential
programming to ensure productivity

European
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epl
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THANKS

HTTPS:/ /WWW.EUROPEAN-PROCESSOR-INITIATIVE.EU/

The European Processor Initiative (EPI) has received funding from the European Union’s Horizon 2020 research and innovation programme under grant
agreement EPI-SGA:826647 and under EPI-SGA2: 101036168. Please see http://www.european-processor-initiative.eu for more information.

30
Srping 2022 RISC-V Week. Paris. May 4th 2022



