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The EPI FPA Objective

¢ Components (low power microprocessor technologies) ...

* ARM based SoC
* RISCV based accelerator

e ...to be combined to target

* HPC

* HPDA
* Emerging

Automotive
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Can you imagine how
would it be if there
was no distance

If everything
was here?
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The importance of a vision

.= .~ . _ Movethe future

i European
Processor
Initiative

biRISC

Established
vendor

Can get there at ~ same time ?
Opportunity window ?
Follower
Important distance
LOTS of energy/€

Difficult to reach Have to make others work for us !

Have to minimize effort required
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Three streams

* General purpose
* ARM SVE
e BULL: System integrator = chip integrator > SiPearl

e Accelerator
e RISC-V
e EU design: BSC, Semidynamics, EXTOLL, ETHZ, UNIBO, Chalmers, ...

* Automotive
* Infineon, ...
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EPAC within EPI
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EPAC - EPI Accelerator

HPC & Emerging ...

MPPA - Multi-Purpose Processing Array
eFPGA or FPGA - embedded FPGA

Cryptographic ASIC (EU Sovereignty)
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Visions and collaborations

e STX:

» Specific Accelerator devices
* Al
e Stencil

* RVV

* |ISAis important, RISC-V Vector
e “Accelerator”
* Easier entry, focus

/ BSC

~

ETHZ

» - Standard self hosted, general purpose vector SMP

* VRP:

* Extended precision arithmetic
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Objective

* Explain vision, discuss fundamentals, philosophy
or the approach, ...

e Show the available environment and how it works

* Want to join the effort?
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The importance of a vision

* Holistic throughPUt oriented vision EPAC & Sagrada Familia ?
based on long vectors and task
based models

Pragraim steered cache allocation |

+ There is something “special” ...

e Hierarchical concurrency and [ shownghevay
locality exploitation

* Not massive concurrency at a given
level

* Push behaviour exploitation to low
levels

 Co-ordination between levels

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

European
Processor
Initiative
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Towards
Holistic
Co-design




Holistic co-design

®
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“As above, so below”
Similar concepts/mechanisms at all levels

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

Co-desing vs. Design
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Holistic Co-design

®
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Best place to address an issue
Fundamentals

Balance

Mindset

Productivity

Efficiency
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Holistic Co-design

®

CPUs/GPUs/ASICs
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Best place to address an issue
Fundamentals

Balance

Mindset

Productivity

Efficiency
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Leverage interfaces and

implementations

CPUs/GPUs/ASICs

Leverage “standards”
Opportunity to innovate
and contribute
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Leverage interfaces and
implementations

Leverage “standards”
Opportunity to innovate
and contribute
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Principles ?

Balanced hierarchy

Expression &
exploitation of
Parallelism

[10% = 1 % 10° = 10 % 10% = 107 x 107 x 107

Long vectors | B RISC-\/

256 alemants, & lanes per core
“Limited” number of “general purpose” control flows within tile

@== u

Latency = Throughput: asynchrony
and overlap

= _

& Taskifu MPI colls

Task basad models

®  Single mecharism
= Conosrrency

= Le<alily B data
manageman

tiRISCY
®  Comeey occess potlem semantics bo the architecture. Potential to opimize memany
throughput:

decouple Front end - badk end

®@=—__ ?
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Cent{

Centro

Malleability & Coordinated scheduling

Ll L =x=‘ﬂ""
'| T— ]
|| t:m
% 'g x_hﬂ-uab-wml‘alm 1 d,yn'd
G %E 3 balanting &
I )
£ 1 A wish:
E = = Handaff scheduling
= £
[
E
g E ‘Viector Length Agnostic (VLA) 154
S8 programming and architectise
A—

BIRISCY ]

Homogenizing Heterogeneity

OpenMP

= Offlood regulor OpenMP

ey
g cmp Awepst maplnu | §1dschekl, Swirom el et 1]

s iy e L], ey L], bl

Idle 8, gl Sn, dmale g deeen | L

| VLA halps homogenize Heterogeneous Performanca |

iRISCY

= ~Hig - Lite cores, ...
- *  HW support 10 coherence
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Balanced hierarchy

Expression &
exploitation of
Parallelism

Workflow

vectors

Accelerator
specific
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10 =1x10°% =10 x 10° = 102 x 10% x 10?2

Long vectors {’j RISC-V/

256 elements. 8 lanes per core
“Limited” number of “general purpose” control flows within tile




Latency =2 Throughput: asynchrony
and overlap

Task based
computational
workflows

Interoperability MPI + OpenMP

= Taskify MPI calls

IFS weather code kernel. ECMWF

Task based models

void Cholesky(int NT, float *A[NT][NT] ) {
for (int k=0; k<NT; k++) {
B . #pragna omp task inout ([75][TS] (A[K] [k])) @
trf (Alk][k], TS); N TR
=  Single mechanism O L o e
, pragna omp task m(ms][mslmk] [kD)) inout ([Ts]]
. strsm (A[K] (K], A(kI[i], TS)
p
= Concurrency — for i sonos sams so0 ¢
\ \ \Mnd :ﬁom\‘ for (j=k+l; :< J++) {
+Task priorties +Tasklaop pragna omp task in([75] (78] (ALK [£1), (7S] [£5] G
B \* Tesk * Tosk + Taskdoop gependences | dependences inout ([TSI(TS] (*A[3]1[11))
L Locallty & data \Petetvping depandences &mwnl &“;";',I‘: :iwl""'"v @  soem( ALK (i), ALKI[3], AL3][i], T5);
¥ ¥ Commutative )
— # ek an ((15] (18] (AT [51)) snont (0251
management OpenMP — @ ST aih, 1 e
H )
Oy %%a 0 Oty o Oty = oty 5, ) )

Long vectors
= decouple Frontend - back end l/; RISC-V

=  Convey access pattern semantics to the architecture. Potential to optimize memory throughput:
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Malleability & Coordinated scheduling

a) Real behavior of parallel application

== Running
=== Waiting comm.

=== Serial code
—pdib_parallel

d

=P dib_single

= Lend cpus

& ] [
=] ) E
o V—_—J
oL 1 [
= -
b) Behavior of parallel application DLB-aware
&l
=
| —
| s—
N v vh Ay
o
=]
—
| —
| E—

2|1.]1] dynamic
balancing

Coordination (policies)
Composability, interoperability
(semantic impedance matching)

Vector Length Agnostic (VLA) ISA
programming and architecture

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

\ /
RISC-/
W

Micro

architecture
decides

A wish:
Handoff scheduling

saxpy:
vsetvli a4, a0, e32, m8|
viw.v vO, (al)
sub a0, a0, a4
sl1li a4, a4, 2
add al, al, a4
viw.v v8, (a2)
vfmacc.vf v8, fa0, vo
vsw.v v8, (a2)
add a2, a2, a4
bnez a0, saxpy
ret

19



Homogenizing Heterogeneity

Nested tasked/workshared

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-i;
#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk]) en
axpy_omp (a, &dx[i], &dy[i], chunk); L

void axpy_omp (double a, double *dx, double *dy, int n) { - 0ff|Oad regUIaropenMP

int I, chunk;

#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) { Memo")’
int ij I EPAC
#pragma omp simd GPP
for (i=0; i<n; i++) dy[i] += a*dx[i]; 2
} ARMs N

VLA helps homogenize Heterogeneous Performance

=~ Big - Little cores, .... PRISCV .

HW support: 10 coherence
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Long vectors

Raise ISA semantic level
emantic leve b RISC
Vector instructions == tasks
“less words, more work”

The importance of ISA
Applications

Parallelism: Asynchrony and overlap
Decouple Front end — back end
Less pressure, throughput orientation
000 execution

Runtime

ISA / API

(TXTXTY)

an enabler

PM: High-level, clean, abstract interface

(%
=~

o)

Locality management PO e

) BN

&

Hierarchy concept & hints

Osmotic membrane
Convey access pattern semantics to the architecture.
Potential to optimize memory throughput
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Detailed analysis and Insight on

behavior
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Serialized communication pattern

- 2 : = - —
— - Very fine grain parallelization
Serialized unpacking of individual unpacks

LRU Stack distance (colored by instr)

vehave ‘

Instr timing (colored by instr)

] Access pattern (colored by PC)

; S0 &2 Sa B Ba B 2 o ‘.; . LR i !' g g

29,293,339 ns
001

97,557,789 3
o001

1 4 w6 26 104 46 168

—8—CacheAll128 —e—OnlyVector 128 —8—CacheAl:256 —e— OnlyVector 256
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EPAC overall design




“Original EPAC Architecture”

GPP NoC adpter

ACCEL. TILE
ACCEL. CORE
ACCEL. CORE
Vector Specialized
Processor

VRF

Vector

Scalar core
lanes

t

Memory mapped device
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EPAC architecture

RVV

RV64GCV (- 8x)
= 2wayinordercore

= Decoupled VPU

L] 8 lanes

L] Long vectors (256 DP elements)

= > 128 MSHR

= L1-MESIcoherency

CHl interface NoC

= 1line/ cycle

L2$: 256KB/module

= Allocation control mechanisms

Noin tile L3$

Barcelona
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AXI Lite )

STX

| Peripherals | | Peripherals | | Peripherals |

= DL and stencil specific accelerators

= Extensions to planned NTX

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

VRP

= Variable precision processors

25



EPI: A highly heterogeneous/hierarchical
system

EPI
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EPI: A highly heterogeneous/hierarchical
system
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Focus on ...

* RISCV Long Vector

e Accelerator .... or not

Vector
Core

28



RVV VLA programming

®

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

int i;
int gvl = _ builtin_epi_vsetvl(n, __epi_e64, __epi_ml);
__epi_1xf64 v_a = _ builtin_epi_vbroadcast_ixf64(a, gvl);

for (i=@; i<n; ) {

__builtin_epi_vstore_ixf64(&dy[i], v_res, gvl);
i+= gvl;

gvl = _ builtin_epi_vsetvl(n - i, __epi_e64, __epi_ml);

__epi_1xf64 v_dx = __builtin_epi_vload_1xf64(&dx[i], gvl);
__epi_1xf64 v_dy = _ builtin_epi_vload_1xf64(&dy[i], gvl);
__epi_1xf64 v_res = __ builtin_epi_vfmacc_1ixf64(v_dy, v_a, v_dx, gvl);

Barcelona
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RVV VLA programming

Execution on ideal machine

OOO|‘||O‘|“

Execution on
practical machine
(finite MAXVL)

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

int i;
int gvl = _ builtin_epi_vsetvl(n, __epi_e64, __epi_ml);
__epi_1xf64 v_a = __builtin_epi_vbroadcast_1ixfé64(a, gvl);

for (i=@; i<n; ) {

gvl = _ builtin_epi_vsetvl(n - i, _ _epi_e64, __epi_ml);

__epi_1xf64 v_dx = _ builtin_epi_vload_1xf64(&dx[i], gvl);
__epi_1xf64 v_dy = _ builtin_epi_vload_1xf64(&dy[i], gvl);
__epi_1xf64 v_res = _ builtin_epi_vfmacc_1xf64(v_dy, v_a, v_dx, gvl);
__builtin_epi_vstore_1xf64(&dy[i], v_res, gvl);

i+= gvl;

}
}

Barcelona
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EPAC decoupled execution

°®

°®
‘— ©
: () Limited OoO
— ¢
S
‘— o
° Concurrent
e : execution on
8 o different
p In order : types of
(S|
° .  — —— — reSOUrces
‘— o
O
—— . E
o ®
o e
4 o
0 o
‘— D
® : / “Sporadic”
—_ dependences
‘_ v (try to minimize)

cee o

C( ﬁ,m mputing Ops/cycle
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'emidynamics

AVISPADO 220 with VPU

RISCV64GCV

8B

-“

sSv48
16KB IS
Decodes upcoming V1.0 vector spec
32KB DS

Full hardware support for unaligned accesses

Coherent (CHI)

Vector Memory (vle, vise, vixe, vse, ...) processed by MIQ/LSU

Courtesy R. Espasa.




VPU: A processor in itself

* Hierarchical “accelerator” integration

* Program & data served by scalar core (Coherence; ~punch tape program ©)
* Fine grain “offloading” of “vector tasks” (directly hardware supported)

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

* Implementation

e #FUs<<VL (lanes=8, VL=256)
* Some 00O

e Resources to overlap?
* L/S, FU, shuffling
* Renaming

e 40 physical registers
* Single ported register file
* Large state

* 5 banks/lane providing sufficient bandwidth for 1 op/cycle (latency/BW trading)
e Data shuffling: directional ring

(C Barcelona “Vitruvius: An Area-Efficient Decoupled Vector Accelerator for High Performance Computing”
Supercomputing
@ Center

F. Minervini, O. Palomar. RISC-V Summit 2021
Centro Nacional de Supercormputacior
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A bit on state hierarchy & locality

SLC
Useful ?
L3
L2 L2
L1 °ee L1 LD; OP, ST
R R
32 B/c /FU

.................

((A more efficient way to use “comparable” amount of resources with less control flows ?

SLC

L2

L1

VR

OP (R1, R2,...)

NO indirection ®

Renaming ©

L1

Locality
Management?

Vector
Latency
tolerance ?

VR

320B/c /8FUs

Locality @ very close to Fus

Utilization ?

- Unroll

34
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Test Chip & Software

Development
Vehicles (SDVs)




Physical design

. 4

®

“VPU microtiles”
e 2.517 mm2 each

Vector register file (8 lanes)
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Avispado
vp
2 HN

Avispado
VPU

| .

Avispado

VPU
L2 HN ¢

Avispado
VPU
L2 HN

E serdes serdes
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EPAC Tes

epac@EPAC: ~/Desktop/etc_tools-master_v20211206/etc_tools-m
[sudo] password for epac:

Waiting for server ...

Waiting for server ...

Waiting for server ...

Waiting for server ...

Waiting for server ...

Waiting for server ...

Connection with server established!
EPAC JTAG Console Client 0.1
Connecting to JTAG Console [3] ...

happy@epac$ axpy 1024
Running AXPY Scalar with 1824 array elements

init time: 45060 cycles Press CTRL+A for exit

axpy scalar reference time @ | Welcome to EPAC TC Bring-Up Shell |

done ~25X C> user@epacS jpeg_benchmark

EESULE ok ;“ 1024 While only 8X FPUS JPEG scalar reference time: 255667444 cycles
appy@epac$ vaxpy

Running AXPY Vector with 1024 array elements done

Lntt tlae: 45043 cycles - Long vectors !! e ]

(55 cyeter - Memory Bandwidth

axpy vector tim

copy scale add triad

done
Result ok !1!! 60000
happy@epacs [l 50000
40000 40000
— 100000 402 o §onmo 20000
g N---x |l s Table 1 Latency and energy per instruction H
Ie] e N = 20000 20000
> 75000.1%- . 30 Latency Energy
I R ¢ . i (eveles) (pJ/instruction) 10000 10000
o ¢ T4l = __ nstruction Min  Max  Min Max
£ 50000 20 = VPADDVESUE 11 33 37372 507.70 0 0
V R P Z 0/0/ Execution time g VPMUL 12 37 307.83 415.66 0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
o — ° VPCMP 5 8 24360 24898 — et oW o G
‘é 25000 -%- Speedup over MPFR 105  vPLOAD 6 4 50499 135030 soo000 0000 e
e 5 i
@ Average Speedup: 29x 3 VPSTORE 20 30 102388 179526
5 0 e 0 Q FADD 6 - 117.76 B 40000 40000
= »n FMUL 6 - 126.70 -
;Sx_ 64 128128192192 256 192 256 256 256 M 228 s vl e operandnith . 30000
Sy= 64 64 128 64 128 64 192128192256 significand sizes of 64b and 236b, respectively Y
Operands fraction size (bits) 20000 20000
10000 10000
o o
Barcelona - o 100 200 300 400 500 600 700 800 o 100 200 300 400 500 600 700 800
Supercomputing Sample (Sec) Sample (Sec)
Center

Centro Nacional de Supercomputacion 37



RVV @ FPGA & ecosystem

 HPC software stack @
Commercially available RISC-V
platforms

* SLURM, MPI, OpenMP, BSC
tools, RVV software emulator

* EPI SDV platforms

* Linux
e Test user codes @ real RTL ——— RTL Repo
. | VCU 128 devkit _— Operations NFS
* Give to EPI partners and — —
external users early access to
EPI technology
Contact : filippo.mantovani@bsc.es in

* Holistic ClI/CD framework " /_Lﬂ
e HW & SW Self hosted RVV node @50MHz

* Functionality & performance

Barcelona

Supercomputing
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RISC-V Vector extension (RVV) Compiler

* LLVM support for the evolution of the
RISC-V Vector (RVV) Extension

Support EPAC RTL
* |Intrinsics SDV@FPGA / Test Chip

V0.7 |

* Vectorization/SIMD clauses " " —
. . /
* Autovectorization K2

v1.0 R |

void SpMV_vec(double *a, long *ia, long *ja, double *x, double *y, int nrows) {
for (int row = @; row < nrows; rowH) { .
int nnz_row = ia[row + 1] - ia[row]; /)/[), Support EPAC RTL
unsigned long gvl; // granted vector lengths
int idx - ia[rowl; SDV3/EPAC2.0
_ epi_1xfe4 v_a, v_x, v_prod, v_partial res;
_ epi_1xif4 v_idx row, v_three;
y[row]=2.@;
v_partial res = _ builtin_epi vbroadcast_ixfe4(@.@, gvl); void target immer 3d () {
for(int colid=8; colid<nnz_row; ) { //blocking on MAXVL for (i} { -
gvl = _ builtin_epi vsetvl(nnz_row - colid, _ epi e&4, for () {
v_a = _ builtin_epi vload_lxf64(&a[idx+colid], gvl); #pragma clang loop vectorize (enable)
v_idx_row = _ builtin_epi vload_Ixi64(&ja[idx+colid], gvl); for (k) {
v_three = _ builtin_epi vbroadcast_1xig4(3, gvl); lsp = LAP;
v_idx_row = _ builtin_epi vsll_1xi64(v_idx _row, v_three, gvl) v[IDK3 1(i,9,k)] = 2.£*u[IDX3 1(i,3,k)]
V_X = _ builtin_epi vload_indexed_lxf64(x, v_idx_row, g T _w[IDK3 1(i,3,k)]+vp[IDK3 (1,3, k)] lap;
v_prod = _ bu Yive -
v_partial res =
gvl); float complex A[n][n]:
colid += gvl; float complex templ, temp2;
y[row] += _ builtin_e fDI_ (int 3 =03 < j"__” {
} if (x[3] !'= ZERO || v[i] '= ZERD) {
} templ = alpha * conjunction (creal(y[jl), cimag(v[jl))}:
temp2 = conjunction(creal (alpha * x[j]), cimag(alpha * x[j]}):
#ipragma clang loop vectorize (assume safety)
for (int i = 0; i <=3 - 1; i++) B[i]1[3] = A[Q][3] + ®[i] * templ + y[i] * temp2;
Barcelona : o _R[j][j] = CI_EEJ:(A[:'I][:'I]J + creal (x[3] * templ + y[3j] * tempZ);
Supercomputing } else A[31[3] = creal (R[3]1[3]):
Center

Centro Nacional de Supercomputacion




SDV flows

App development & Data acquisition Analysis

A
v

v

|—> MUSA

Vehave emulator
@ scalar RV/QEMU

¢ LLVM __ timi
iming
code compiler | PAPI

\ 4

| RV @ FPGA
(50 MHz) =
» Extrae o ——t
ILA  mEmnnm
)
sampling W Clustering e |
; folding : o
.la
» |LA2prv
More info: -
https://repo.hca.bsc.es/gitlab/epi-public/risc-v-vector-simulation-environment W

Barcelona

Supercomputing
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SDV@FPGA — vector performance

e EPAC — RVV vs. state of the art

“Stream” SDV3.4-Load — NEC - Copy ¢
MN4 - Copy & SDV3.4-Copy —
SDV3.4 - Store — SDV3.4 Scalar - Copy ¢
‘
Néng NECL3 *
100 | 157.828/c 186.17 B/c NEC Mem
¥ 5 132.60 B/c
— ‘wm 7
E) -
- H
ey
p=
2 10 ]
2 V3.4 Scalar L1 | waLf
] 1 : . C 1
@ i 4.988/c . MN4 Mem .- |
3.35B/c A
*
SDV3.4 Scalar L2 SDV3.4 Scalar Mem
0.98B/c | 0.97 B/c
Tt | | | ? I | ’ f |
PALl 2127 18 216 218 220 222 228 226 228
Buffer size [B]
FFT
] % E MareNostrums I
5 25% b NEC =
g ok SOV
k= £
A
=% r
T 10% F
=} £
S % F
I

0%t

6 32 64 18 256 512

1
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Observed Memory Bandwidth

 Single core Load, Store, Copy

* Comparison to scalar and other architectures

* Comparison to their architectural peak
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Continuous Co-design

FPGA 50 MHz vs ASIC 1 GHz
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Continuous Co-design

* Daxpy
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Continuous Co-design

* SpMV
 MKL/ NLC/ Ellpack based implementation ﬂuﬂ/
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Continuous Co-design

* FFT
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Continuous Co-design

o FFT
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Continuous Co-design

* HACC
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Vector in HPC and beyond
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