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DISCLAIMER

= Personal opinions

= | grew up in HPC-land

= |n a Computer Architecture Department ...
= ... but moved to the dark side (Software) ...

= . backto the future?

Copyright © EPI. Uni Pisa — November 30th, 2020



TOWARDS PROCESSOR DESIGN IN EUROPE

CPUs/GPUs/ASICs
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BUT BEFORE ...

= About Osmotic Membranes in HPC programming
=  Thoughts and vision on co-design

" The shoemaker son going barefoot

Copyright © EPI. Uni Pisa — November 30th, 2020
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The power wall made us go multicore
and the ISA interface to leak
—> our world is shaking

L ———

VISION

= The multicore and memory revolution

= [SA leak ...

= Plethora of architectures
=  Heterogeneity

= Memory hierarchies

= Complexity + variability = Divergence ...

= .. between our mental models and actual system behavior

What programmers need ?

Copyright © EPI. Uni Pisa — November 30th, 2020
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VISION IN THE PROGRAMMING REVOLUTION

General purpose

Applications

Task & data based

PM: High-level, clean, abstract interface Forget about resources

Decouple:

Power to the runtime Minimal & sufficient permeability?

Intelligence
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THE PM OSMOTIC MEMBRANE

General purpose

Applications

Task & data based

PM: High-level, clean, abstract interface Forget about resources

Decouple:

Power to the runtime Minimal & sufficient permeability?
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TOWARDS (SUPER)COMPUTER DESIGN

= Holistic design of complex systems ...

Copyright © EPI. Uni Pisa — November 30th, 2020



TOWARDS (SUPER)COMPUTER DESIGN

= Holistic design of complex systems ...

Copyright ©
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CO-DESIGN
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A buzzword !!!!

Top = down !!!!

and obsessed by hardware

Limited scope !!!!
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CO-DESIGN

You have to DESIGN !!!!

Copyright © EPI. Uni Pisa — November 30th, 2020
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HOLISTIC CO-DESIGN
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“As above, so below”

Similar concepts/mechanisms at all levels

Copyright © EPI. Uni Pisa — November 30th, 2020
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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

Best place to address an issue
Fundamentals

Balance

Mindset

Productivity

CPUs/GPUs/ASICs

Efficiency

Copyright © EPI. Uni Pisa — November 30th, 2020



588, MPI

Leverage “standards”
Opportunity to innovate
and contribute




MPI

Leverage “standards”
Opportunity to innovate
and contribute
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SHOEMAKER'S SON ...

...always goes barefoot

. cuchara de palo

€
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DETAILED ANALYSIS AND INSIGHT ON BEHAVIOR

Serialized communication pattern
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EPI
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= The global architecture
= The RISC-V tile
= Guiding principles

= Where we are

Copyright © EPI. Uni Pisa — November 30th, 2020
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OVERALL ARCHITECTURE

PCle gen
links

: - :
- o I — D2D links
oot N [ | ammn | ¢ ; 2 to adjacent

| = ARM-ZEUS GPP core

O = EPAC - EPI Accelerator
= MPPA - Multi-Purpose Processing Array
= cFPGA or FPGA - embedded FPGA

= Cryptographic ASIC (EU Sovereignty)

Copyright © EPI. Uni Pisa — November 30th, 2020
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EPAC

= RV64GCV (=2 8X)
= 2 way in order core
= Decoupled OoO VPU
= 8 lanes
= Long vectors (256 DP elements)

= L1- MESI coherency
= CHlinterface NoC
= 1line / cycle (high B/F)
= L$2: 256KB/module
= Allocation control mechanisms

®  Linux

Copyright © EPI. Uni Pisa — November 30th, 2020
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Peripherals

Peripherals

Peripherals

STX: DL and stencil specific accelerators

VRP: variable precision processors

22



EPI: A HIGHLY HETEROGENEOUS/HIERARCHICAL SYSTEM

EPI

Copyright © EPI. Uni Pisa — November 30th, 2020 23



FOUR PRINCIPLES

= Balanced hierarchy

= Latency =2 throughput

=  Malleability and coordinated scheduling

= Homogenize heterogeneity

Copyright © EPI. Uni Pisa — November 30th, 2020
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BALANCED HIERARCHY

Workflow

vectors cores

Accelerator
specific

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

Copyright © EPI. Uni Pisa — November 30th, 2020
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LATENCY - THROUGHPUT: ASYNCHRONY AND OVERLAP

N\

Workflow

vectors cores

Accelerator
specific

Copyright © EPI. Uni Pisa — November 30th, 2020

Task based computational workflows

Interoperability MPI + OpenMP

Task based models

Long vectors

Single mechanism
= Concurrency

" Locality & data
management
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INTEGRATE CONCURRENCY AND DATA

(€ Single mechanism

(€ Concurrency:
(t Dependences built from data accesses

(t Lookahead: About instantiating work

(( I_OCCIUJ[U & dC]J[C] mOnOgemeﬂt void Cholesky (int NT, float *A[NT][NT] )

for (int k=0; k<NT; k++) {
#pragma omp task inout ([TS][TS] (A[
Ospotrf (A[kI[k], TS) ;
(€ From data accesses e L S
#pragma omp task in ([TS][TS] (A[k] [k])) inout ([TS][TS] (A[k]ES
strsm (A[k] [k], A[k][1i], TS):

}
(int i=k+1; 1i<NT; i++) |{

for ; ;
— for (j=k+1; j<i; j++) {

R W eail S #ipragma omp task in ([TS][TS](A[k][i]), [TS][TS](A[kI[31)) \
;:::Mn. ..‘:;:m.. i\ i || s inout ([TSI[TS](*A[31[i]))
e el (" ] sgemm ( A[k] [1], A[k][j], A[j1[i], TS):

—— ¥ ‘& v #‘ i
OpenMP — ’ . . . N
1oy, #pragma omp task in ([TS][TS] (A[k][i])) inout([TS][TS](A[i][i]))

Uy, Oty o, u,
Po T Mo as dw T @ sovrk (ALKI[il, A[L][il, TS);
}
}
Copyright © EPI. Uni Pisa — November 30th, 2020 } 28
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MPI — OPENMP/OMPSS INTEROPERABILITY ..,

MPI_Barrier

| MPI Send
1st iteration

Taskifying MPI calls

Rank 191 . : . -
us 26,016,006 u

Virtualize “communication resource”

Opportunities

Rk3, Th47

Overlap/out of order execution B E—

Computation - communication

Communication - communication

26,026,417,767 ns

Phases / iterations

Provide laxity for communications m

Tolerate poorer communication

Migrate/aggregate load balance issues

Flexibility

IFS weather code kernel. ECMWEF

V. Marjanovic et al, “Overlapping Communication and Computation by using a Hybrid MPI/SMPSs Approach” ICS 2010

29
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PYCOMPSS
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Windows Anre Openlebulaorg ‘44 amazon

IBERGRID *v; ~_ A

Y

Main program

num_frags = ...

todo_list = init_list();

for i in range(num_frags):
result =cc_sur(todo_list[i])
gather(result, global_result)

compss_stop()

Tasks definition

@task(returns =list, result = IN, global_result = INOUT))
def gather(result, global_result):

@task(returns = list)
def cc_sur():

-

. A O
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LONG VECTORS b RISC-V

epl

Applications

= Raise ISA semantic level

= \ector instructions == tasks
; . PM: High-level, clean, abstract interface
n less words, more work

=  The importance of ISA

Runtime
=  Parallelism
»  Decouple Front end — back end =
= Less pressure, throughput orientation EE
= 000 execution E ISA / API
4
= Osmotic membrane Ve @ )
= Convey access pattern semantics to the architecture. \,\e&" Co -.,cé ' --.sUal..:7 --lizatjoy, ...od .
= Potential to optimize memory throughput. » -Feg ...od o9 ((\e(o c°"'(e
J

Copyright © EPI. Uni Pisa — November 30th, 2020 31



MALLEABILITY & COORDINATED SCHEDULING

olicies

Coordination
Composability, interoperability

Copyright © EPI. Uni Pisa — November 30th, 2020

(semantic impedance matching)

a) Real behavior of parallel application

== Running

E E— [E— m== Serjal code
[ E— [E——

=S [F— =P dlb_parallel

o E— = dib_single

% i : : 1 | —g=-Lend cpus

b) Behavior of parallel application DLB-aware

| E— —/
——/ —/
— —

—/

=== Waiting comm.

Assembly phase

15 ‘v/
13 =
E

.
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28 o 2 taxt

| 16 nodes x P processes/nade x T threads/process |

4| T.1] dynamic
balancing

Vector Length Agnostic (VLA)

ISA

programming and architecture

P RISC-V/

Micro
architecture
decides

A wish:
Handoff scheduling

saxpy:
vsetvli a4, a@, e32, m8
viw.v v, (al)
sub a@, a0, a4
slli a4, a4, 2
add al, al, a4
vliw.v v8, (a2)
vfmacc.vf v8, fa@, veo
vsw.v v8, (a2)
add a2, a2, a4
bnez a0, saxpy
ret




HOMOGENIZING HETEROGENEITY
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Nested tasked/workshared

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

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

chunk= n>i+TS? TS : n-i;
#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk])
axpy_omp (a, &dx[1i], &dy[i], chunk);

}

int I,

}

void axpy_omp

#pragma omp taskloop

for (i=0; i<n; i+=TS) {
chunk= n>i+TS? TS : n-i;
axpy_SIMD

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

chunk;

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

}

void axpy_SIMD (double a, double *dx, double *dy, int n) {
int i;

#pragma omp simd

for (i=0; i<n; i++) dy[i] += a*dx[i];

}

VLA helps homogenize Heterogeneous Performance

Copyright © EPI. Uni Pisa — November 30th, 2020

“ Big — Little cores, ....

OpenMIP

= Offload regular OpenMP
= Minimize CUDish influence

EPI

= HW support: IO coherence
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WHERE WE ARE?
- é?f:i;iii = - L, - D‘r — Enable execution
exam;:s -u s e “ L°| |'§m e Compiler flags
. Generated
o« . o RISC-V V-extension
EPAC Test chip Tapepout @ 22nm LLVM Vectorizing compiler = T by
1 H . . . Input source instructions
@beginning of 2021 & intrinsics feer)
Open
R LBIST  |meIST| | BSR output window
(Cscanen| .
e ’ﬁﬁ :F o] - o] void axpy SIMD (double a, double *dx, double *dy, int n) {
= [& & {5 int i;
1qumie ‘ anmc“ﬁe ' mmnmcm£m void axpy_intrinsics (double a, double *dx, double *dy, int n) {
— ol R M T ] R : int gvl = _ builtin_epi_vsetvl(n epi_e64 epi_ml);
| #pragma omp simd Bv:i = _ —€p1_Vse€ 1, __€p1l_ebs, __epl_mi);
s L. L . . . __epi_1xf64 v_a = __builtin_epi_vbroadcast_1xf64(a, gvl);
| for (i=0; i<n; it++) {
—h .IT.:‘?H DM : e 2 bits to each AVP . ] . . .
‘:DDT_ Crossabar j dy[l] += a*d)([l], for (1:9_; i<n; ) {
c::%%f [ ‘“?F ’ } gvl = _ builtin_epi_vsetvl(n - i, __epi_eb4, __epi_ml);
- wacgt [uwze [T e [l esc ] eeor [T suofTT] cen [T]romcramen } _epi_1xf64 v_dx = _ builtin_epi_vload_1xf64(&x[i], gvl);
__epi_1x v_dy = _ builtin_epi_vload_1x y[i], gvl);
i_1xfé4 v_d builti i_vload_1xf64 (&dy[i 1

__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;

Copyright © EPI. Uni Pisa — November 30th, 2020
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WHERE WE ARE ? AISHTEHENEAS SySE SREHEIE it 5 do5e e

$mount -t ext4 /dev/vda /mnt/scratchfs

SDV
E——

mmmm——

void main (...)

Emulation and analysis

S Dv PSoC n-r: (PS) Programmable Logic (PL) gemTarget(A, B, C, size);
EI Arm RISCV g -1
world A Core ) . :
void gemTarget(double *A, double *B, double *C, long S) {
= Bridge IM] | #pragma omp target map(to: A[0:5%S], B[0:5%S5],S) \

map(from: C[0:5*S])
{ for(inti=0;i< size;i++)
for(int j = 0;] < size; j++)
for(int k = 0; k < size; k++)
Cli*size + j] += A[i*size + k]*B[k*size + j];

"o,

fp = fopen (“/mnt/scratchfs/output_matrix.txt”, "w+");

' I
| for (int i=0;i<size*size; i++) fprintf(fp, "%If ”, C[i]):
3 - )
) - }
Emulation

"
1
v

(G V)

library

e EPAC
' SDV

Paraver

RV64GCV

Linux

Copyright © EPI. Uni Pisa — November 30th, 2020
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— E

SPMV

void SpMV ref (double *a,

double *x,
int row, idx;

double sum = 0.0
for (idx=ial[row]
sum += a[idx]

}

y[row] = sum;

long *ia, long

*Ja,

double *y, int nrows)

for (row=0; row<nrows; row++) {

.
4

; 1dx<ial[row+1l];

* x[Jalidx]];

idx++)

{

{

Copyright © EPI. Uni Pisa — November 30th, 2020
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SPMV
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Standard C/C++ ~

void SpMV_vec(double *a, long *ia, long *ja, double *x, double *y, int nrows) {
for (int row = @; row < nrows; row++) {
int nnz_row = ia[row + 1] - ia[row];

T~ unsigned long gvl; // granted vector lengths
int idx = ia[row];
__epi_1xf64 v_a, v_x, v_prod, v_partial_res;

Intrinsic operations

Vector data types

__epi_1xi64 v_idx_row, v_three;

y[row]=0.0;
| v_partial res = builtin_epi vbroadcast 1xf64(0.90, gvl);_——~””"’——’~———

... C variables

Can be passed as arguments or(int colid=0; colid<nnz_row; ) { //blocking on MAXVL
gvl = builtin_epi vsetvl(nnz_row - colid, epi e64, epi ml);
vV_a = _builtin_epi_vload_1xf64(&a[idx+colid], gvl);

. vector variables

vector length

Compiler does:
Register allocatio

v_idx_row = _ builtin_epi_vload_1xi64(&ja[idx+colid], gvl);
v_three = _ builtin_epi_vbroadcast_1xi64(3, gvl);
v_idx_row = _ builtin_epi_vsll 1xi64(v_idx_row, v_three, gvl); ////// .o
V_X = _ builtin_epi_vload_indexed_1xf64(x, v_idx_row, gvl);
v_prod = _ builtin_epi_vfmul_1xf64(v_a, v_x, gvl);
v_partial res = _ builtin_epi vfredsum_1xf64(v_prod, v_partial res, gvl);
n colid += gvl;

. . }
InétrUCtNDn SCheChﬂlng y[row] += _ builtin_epi_vgetfirst 1xf64(v_partial res,gvl);
Spill/save/restore
) pa— .

§ Sometimes “too” intelligent (eg. bcast; concept of cheap/expensive)

Copyright © EPI. Uni Pisa — November 30th, 2020
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programming




SPMV

ehave

256
P

o
EB®m Q& B HMIE:D %

O et v B e Joecceum ]
vehave |36417 36,417 36,417 36417

-

;i o0
% X
2
B
<+ ehave
O

A
E D L@ BOH NN IR

vehave [737.00.740.73) =0

ehave

16w MAXVL
P

ehave

ehave

€ B3 O & W H %I %

B vt it B i (i v
vehave [52514 52514 52514 52514 ]

A
€ B LR M AR E K

vehave [1,226.88.1,23358) =1

1,223,789 ns

E D& U@ B HIIANZIR

LI e | vims TR e _resun] s I8

A
€ B LR M AR E K

vehave [757.59.764.29) =1

@ ns

= MAXVL

copyright © EPIL. Uni Pisa — Noven

D€

30

1,273,769 ns

th, 2020

A

vehave

Ilee 1,273,789 ns
A
o =
4 ns 1,223,789 ns
A

vehave

1,223,789 ns
A
vehave _
@ nz Ivflv 1,223,789 ns
A
vehave

1,223,789 ns

A

vehave L—-—-—-—-—-—-—

9 ns 1,223,789 ns
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Matrix: pdb | HYS

rvl: ~20-70?

vle: always miss
vise: fair hit



Memory address map and timeline

2DH - Memory address map @ SpMV.pdblHYS.54.prv.g:

2DH - Memory address map @ SpMV.pdblHYS.54.prv.g:

Memory address @ SpMV.pdblHYS.64.prv.gz

513,265 ns

European
Processor
Initiative
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|dentified some
compilation issues

Sometimes

Program counter @ SpMv.pdblHYS.64.prv.gz
. o vehave h - h h - h h -
PC and instruction .
"
Requested and granted vector lengths
Reguested vector length @ SpMV.pdblHYS.64.prv.gz Granted vector length @ SpMV.pdblHYS.64.prv.gz
] vehave

Copyright © EPI. Uni Pisa — November 30th, 2020

e very small




European
Processor
Initiative

epl

Matrix: pdb | HYS

SPMV _PACKED

EB®E Q& WH %z % venavewﬂummm
Ny | v IR care | vice |viredaum v [ R —
e r————_—_— ! : I. ~ 20 2M
° 1 <“ X X rvi. -
u X

EB® @ HHoEmx D% I S—
m
VE m i
L]

1,844,271 ns

A A
E B3 Q& B HMN®YDx

vfmul vie csIr vfredsum Vi vslidedown vmv
[ve

¢ A

@ ns
wehava

E B3 L@ W oH YR = = — = 1 1 L =

ve “
8 ns Pvsetvti 1,844,271 ns

A A
€D 3® O& B HMI®Dx vehave

i il JNRSRN] corr | vixe |viredum | vimu LIS e
- SN - [56513) 27221 [T Taesa] irioss FT oo |
< A

G vehava —
[ I -

E B LR OWH D ———
I

) m — R
. = B vehave [56.10.56.10] =0

ﬁpUrlghT @ EPI_Uni Pisg — Navember 30th 2020

@ ns 1,724,351 n=

wehave

32 ™= MAXVL

1,844,271 ns

16 = MAXVL

962,237 ns

Register mv !!

™ MAXVL
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MICROSCOPIC INSIGHT OF AGGREGATED BEHAVIORS

256K cache

Copyright © EP

Memory address @ Minimod_s1.MVL32.pml_blk_inner.prv

vehave

Memory address - Wit ratio @ Minimod_s1.MvL32.pml_blk_inner_2del.262144.prv

wehave

e ————

Instr timing (colored by instr)

Wi

29,295,959 ns 97,557,789 ns

LRU Stack distance (colored by instr)

& P Y

*—0—0 »

8 ns
Impact of Algorithm Block Size

8000000
7000000 | R
6000000 \\»

0

-]

S 5000000 l)i

S

o
4000000 NS
3000000 )
2000000

. Uni Pisa — Nc 512 4096 32768 262144

Cache size

2097152 16777216

1 1 | L |

29,295,959 ns 97,557,789 ns

Access pattern (colored by PC)

I SR SRS SRS S

-l -l ol -l

—
29,295,959 ns 97,557,789 ns
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MANY QUESTIONS

Vector length?

Register usage?

= Efficient usage of state? How to improve?

=  Dependences?

Address pattern

"  Reuse?

= Stride?

Instruction mix

= Footprint

= Scalar / vector interleave?

Spill code

Copyright © EPI. Uni Pisa — November 30th, 2020
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THE IMPORTANCE Move the future
oravision - Qe oo Mowteure w

Established
vendor

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

Copyright © EPI. Uni Pisa — November 30th, 2020
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| “special” instructions |-

- : - EPAC & SAGRADA FAMILIA ?
= Holistic throughput oriented vision based on | Program stecred cache allocation |

long vectors and task based models LONG vectors

= Hierarchical concurrency and locality
exploitation

= Thare Is something “special”

showing the way

=  Not massive concurrency at a given level : e

The throughput | S
oriented facade | - FE QY

= Push behaviour exploitation to low levels

= Co-ordination between levels Architectire g ¥ LI T

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

= Contact us if you are interested in evaluating
the framework and provide co-design input
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