














CPUs/GPUs/ASICs

HW Systems

OS

Compiler/Toolchain

Schedulers

Libraries/Platforms

Applications



CPUs/GPUs/ASICs

HW Systems

OS

Compiler/Toolchain

Schedulers

Libraries/Platforms

Applications

























Applications
Applications

ISA / API

The power wall made us go multicore 

and the ISA interface to leak  

→ our world is shaking 

What programmers need ? HOPE !!!
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Power to the runtime

PM: High-level, clean, abstract interface
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…a risk
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A buzzword !!!!

Top → down !!!!
and obsessed by hardware

Limited scope  !!!!
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You have to DESIGN !!!!
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“As above, so below”

Similar concepts/mechanisms at all levels



Best place to address an issue
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…always goes barefoot

En casa del herrero …

… cuchara de palo
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https://pop-coe.eu/

What if simulations

Detailed analysis

Performance analytics

https://pop-coe.eu/
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“Limited” number of  “general purpose” control flows within tile

Long vectors. 8 lanes per core

Workflow

MPI

OpenMP

Accelerator 

specific

vectors cores
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Task based models

Interoperability MPI + OpenMP

Long vectors

Task based computational workflowsWorkflow

MPI

OpenMP

Accelerator 

specific

vectors cores

































physics ffts

IFS weather code kernel. ECMWF

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

K. Sala et al, "Improving the Interoperability between MPI and Task-Based Programming Models”. Submitted



num_frags = …

todo_list = init_list();

for i in range(num_frags):

result =cc_sur(todo_list[i])

gather(result, global_result) 

compss_stop()

Main program 

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

def gather(result, global_result):

@task(returns = list)

def cc_sur():

Tasks definition

























Applications

Runtime

PM: High-level, clean, abstract interface

ISA / API



Vector Length Agnostic (VLA) 

programming and architecture

ISA 

A wish:

Handoff scheduling
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VLA helps homogenize Heterogeneous Performance

Nested tasked/workshared





EPAC Test chip Tapepout @ 22nm

@beginning of 2021
LLVM Vectorizing compiler 

& intrinsics



Emulation and analysis

SDV

Heterogeneous System Software 

SDV

EPAC 

SDV

https://ssh.hca.bsc.es/epi/ftp/

https://ssh.hca.bsc.es/epi/ftp/doc/

RV64GCV 

Linux

https://ssh.hca.bsc.es/epi/ftp/
https://ssh.hca.bsc.es/epi/ftp/doc/


void SpMV_ref(double *a, long *ia, long *ja, 

double *x, double *y, int nrows) {

int row, idx;

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

double sum = 0.0;

for (idx=ia[row]; idx<ia[row+1]; idx++) {

sum += a[idx] * x[ja[idx]];

}

y[row] = sum;

}

}



VLA 

programming

void SpMV_vec(double *a, long *ia, long *ja, double *x, double *y, int nrows) {
for (int row = 0; row < nrows; row++) {

int nnz_row = ia[row + 1] - ia[row];
unsigned long gvl;        // granted vector lengths
int idx = ia[row];
__epi_1xf64 v_a, v_x, v_prod, v_partial_res;
__epi_1xi64 v_idx_row, v_three;
y[row]=0.0;
v_partial_res = __builtin_epi_vbroadcast_1xf64(0.0, gvl);
for(int colid=0; colid<nnz_row; ) {    //blocking on MAXVL

gvl = __builtin_epi_vsetvl(nnz_row - colid, __epi_e64, __epi_m1);
v_a = __builtin_epi_vload_1xf64(&a[idx+colid], gvl);
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);
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);
colid += gvl;

}
y[row] += __builtin_epi_vgetfirst_1xf64(v_partial_res,gvl);

}
}

Standard C/C++

… vector variables

… C variables

Intrinsic operations

… vector length

Vector data types

Can be passed as arguments

Compiler does:

Register allocation

Instruction scheduling

Spill/save/restore

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



vle: always miss

vlse: fair hit

Matrix: pdb1HYS

rvl: ~ 20 - 70 ? 
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PC and instruction

Memory address map and timeline

Requested and granted vector lengths

Sometimes 

very small

0
..1

6
2

Identified some 

compilation  issues



Matrix: pdb1HYS

rvl: ~ 20 – 2M 
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Register mv !!



LRU Stack distance (colored by instr)

Instr timing (colored by instr)

Access pattern (colored by PC)2
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Established 

vendor

EU 

Actors

Follower 

Important distance

LOTS of energy/€

Difficult to reach

Established 

vendor

Established 

vendor

Future ?
Future ?

Move the future

Can get there at  ~ same time ?

Opportunity window ?

Have to make others work for us !

Have to minimize effort required


















