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Initiative

The power wall made us go multicore
and the ISA interface to leak
—> our world is shaking

= 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 ?



European
Processor
Initiative

VISION IN THE PROGRAMMING REVOLUTION

Applications

PM: High-level, clean, abstract interface

Power to the runtime

i
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General purpose
Task & data based
Forget about resources

Decouple:
Minimal & sufficient permeability?

Intelligence
&
Resource management

“Reuse & expand” old architectural ideas
under new constraints
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OMPSS AND OPENMP

= A forerunner for OpenMP
% OmpSs-2
Promdel

+ Task reductions |
+Task + Task + Taskwait + Taskloop |

dependences
dependences priorities dependences &
‘|' Task + TaSkIOOp + OMPT |mp| + Data aff'mt)Jl

prototypin prototyping + Multideps |
& g& & & + Commutative & I




IMPORTANT TOPICS/PRACTICES

= Regions

= Nesting

»  Taskloops + dependences

= Taskify communications: MPI Interoperability
= Malleability

" Homogenize Heterogeneity

= Hierarchical “acceleration” / Hierarchical overdecomposition
» The osmotic porosity (hints, overheads,...)

= Beware of reductions on large arrays

» Memory management & Locality

= Beyond the node?

= Dont mask your symptoms
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TASKIFYING MPI CALLS

= TAMPI

Prunicalion reseurce”

e “com
https:/igithub.com/bse-prmitampi
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EXPLOITING MALLEABILITY

= Dynamic Load Balance & Rasource managament

= Intrafinter processfapplication

= Librany (DLB)
* Runtime intercepticn (MFF. OMPT, |
= AP to hint esouice demands

= Core reallecation policy

= Opportunity to fight Amdalh’s low

https://pm.bsc.es/dlb

) Feal beravior ol paraliel appication = Aurring
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b Bahavior of pavallal apphcaton DLB-aware




European
Processor
Initiative

epl

PROGRAMMINGINEPI

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019



European
Processor
Initiative

L ———

PROGRAMMING MODEL VISION

epl

= MPI+OpenMP

= Throughput oriented programming approach

=  Task based OpenMP

= MPIl - OpenMP interoperability (TAMPI)

= Malleability in application + Dynamic resource (cores, power, BW) management
= Intelligent runtimes

= Handle overlap and locality (improve B/F)

" Reduce overhead - hierarchical

= Potential for architectural support for the runtime (Runtime Aware Architectures)

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019
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PROGRAMMING MODEL VISION

=  Offloading to acceleration

RN, Frovesgor
. b InHinHew
devices
=  General purpose OpenMP ACCELERATORS VISION @ EPI
mechanism
‘ ‘ o * High throughput devices
= Libraries for specialized . RISCV VE
acceleration devices = Long Vectors (5> # FUs)
= Lass insirudicss
& Dwcoople FE-BE
" Optimize mamcry e ghyd High B'W, BiF] Lacalig
" (Large) Vectors * ISA & imporionl
= “limived” maember of conwol Bows
m  Auto vectorization * Spedfic occelerotors
= Hierarchical Acceleration
=  OpenMP SIMD clause . Mesting
= Bolonced higrarchy: number af levals, motio
* Homogenized heterogeneity
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EPI: A HIGHLY HETEROGENEOUS/HIERARCHICAL SYSTEM

= Some ARM - RISC-V commonality
= towards (large?) vector EPI

=  ARM:
= Upto32DP

=  Predication driven.

m RISCV:
= Up to VLMAX (power of 2)

= Explicit vector length

Vector
Core

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019
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S I M D V S V E C T O R ISA MIPS-32 MSA | IA-32 AVX2 RV32V
Instructions (static) 22 29 13
Instructions per Main Loop 7 6 10
Bookkeeping Instructions 15 23 3
Results per Main Loop 2 4 64
Instructions (dynamic n=1000) 3511 1517 163

Vector lengths

Dynamic instruction count

# eax is i, n is esi, a is xmml,
# pointer to x[0] is ebx, pointer to y[0] is ecx
0: push esi
I: push ebx
2: mov esi,[esp+Oxc] #esi=n
6: mov  ebx,[esp+0x18] # ebx = x
a: vmovsd xmm | ,[esp+0x10] # xmm| = a

10: mov  ecx,[esp+tOxlc] #ecx =y
# a0 is n, a2 is pointer to x[0], a3 is pointer to y[0], $w|3 is a 14: vmovddup xmm2,xmm|  # xmm2 = {a,a}
. . 0: li al,-2 18: mov eax,esi
Fixed vs. variable vector length 4 and  ala0al  #al = floor(n/2)*2 (mask bit 0) la:and  eaxOxfifffc # eax = floor(n/4)™4
8: sl t0,al,0x3 # t0 = byte address of al 1d: vinsertf128 ymm2,ymm2,xmm2,0x| # ymm?2 = {a,a,a,a}
.. . c addu  vl,a3,t0 #vl = &yl[al] 23:je  3e # if n < 4 goto Fringe
StCIUC IﬂSTFUCtIOﬂ COUHT 10: beq a3,vl,38 # if y==&y[al] goto Fringe __20.xor _edx.edx #edx =0
# (t0==0sonis0| ) Main Loop:
. 14: move v0,a2 # (delay slot) v0 = &x[0] 27: vmovapd ymmO,[ebx+edx*8] # load 4 elements of x
E 8] I-Og ues 18: splati.d $w2,$wI3[0]  # w2 = fill SIMD reg. with copies of a 2c: vfmadd2 13pd ymmO0,ymm2,[ecx+edx*8] # 4 mul adds
Main Loop: 32: vmovapd [ecx+edx*8],ymmO # store into 4 elements of y
lc: Idd  $w0,0(a3) # w0 = 2 elements of y 37:add  edx,0x4
20: addiu a3,a3,16 # incr. pointer to y by 2 FP numbers 3a:cmp  edx,eax # compare to n
24: |dd  $wl,0(v0) # wl =2 elements of x 3c:jb 27 # repeat loop if < n
28: addiu v0,v0,16 # incr. pointer to x by 2 FP numbers Frimge:
# a‘O fs n, al is pointer to x[0], a2 is pointer to y[0], fa0 is a 2¢ fmaddd $wO.Swl w2 # 5\/0 = w0 + wly* w2 3e:scmp esi,eax # any fringe elements?
O: li ©0, 2<<25 . 30: bne  vl,a3,lc # if (end of y != ptr to y) go to Loop 40: jbe 59 #if (n mod 4) == 0 go to Done
4: vsetdcfg t0 # enable 2 64b FI.Pt. registers b ol SRR bk S dE ey Fringe Loop:
loop: ) Fringe: 42: vmovsd xmmo0,[ebx+eax*8] # load element of x
8: senvl 10,20 il e Sl o) 38: beq  al,a0,50  #if (n s even) goto Done 47: vimadd2 1 3sd xmmO,xmm| [ecx+eax*8] # | mul add
¢ vid ) V0, al # load vector?( 3c: addu  a2,a2,t0 # (delay slot) a2 = &x[n-1] 4d: vmovsd [ecx+eax*8],xmm0 # store into element of y
10: slli ¢, €0, 3 el = el i By 40: Idcl  $f1,0(vl) #fl =y[n-1] 52:add  eax,0xI # increment Fringe count
4: vid v, a2 # Ic.>ad vectory 44: Idcl  $f0,0(a2) # 10 = x[n-1] 55:cmp  esieax # compare Loop and Fringe counts
18: add al,al,tl = #increment pointer to x by vi*8 48: madd.d $13,$f1,$F13,$0 f13 = fI+f0*f13 (muladd if n is odd) 57:jne 42 <daxpy+0x42> # repeat FringeLoop if != 0
;(c) \Sn;n;adiglégot,ofao, V}L :#_\I:I VTZt(\)/;) fa0(y =a*x+y) 4c: sdel  $f13,0(vl) # y[n-1] = f13 (store odd result) Done:
: 7 Done: 59:pop ebx # function epilogue
24: st vl, a2 # store Y 50: jr ra # return 5a: pop esi
28: add a2, a2, tl # increment pointer to y by vI*8 54: nop # (delay slot) Sh: ret
2c:_bnez a0, loop # repeatifn!=0
30: ret # return

RV32V

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019

MIPS$32 MSA

IA-32 SSE and AVX2

https://www.sigarch.org/simd-instructions-considered-harmful/
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ARM SVE

= Vector Length Agnostic (VLA)
= Hardware implementation chooses vector size (within architectural maximum of 2048 bits in multiple of 128 bits)
=  Scalable vector length
= 32 vectorregisters
= Per lane predication
= Instructions to create predicates
=  Gather load & Scatter store
= Vector partitioning
= Fault tolerant speculative vectorization
=  Memory
= Horizontal vector operations
= Reductions
= Serialized vector operations

= Allowing the vectorization of loops wit pointer chasing accesses

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019
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RISC-V VECTOR EXTENSION

= Strip-mined loops — no remainder handling needed

=  Masking on (almost) every vector instruction

= Strided loads and stores, scatters, gathers

= Reduction instructions (sum, min/max, and/or, ...)

= Orthogonal set of vector operations, parity with scalar ISA

= Fault-only-first loads for loops with data dependent exits

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019

European

p |

Processor
Initiative

https://github.com/riscv/riscv-v-spec/
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AXPY @ ARM, RISC, OPENMP ACCELERATOR
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DAXPY

= Scalar C code

void daxpy(double *x, double *y, double a, int n)

1
2 {
3 for (int i = 9; i < n; i++) {
4 y[i] = a*x[i] + y[i];

5 }
6 }

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date 19
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DAXPY @ ARM

= ARMvVEB-A scalar code

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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// x0 = &x[0], x1 = &y[0], X2 = &, x3 = &n
daxpy_:
ldrsw x3, [x3] // x3=*n
mov x4, #0 // x4=1i=0
1ldr do, [x2] // de=*a
b .latch
.loop:
1dr d1, [x@, x4, 1sl #3] // dl=x[1i]
ldr d2, [x1, x4, 1lsl #3] // d2=y[i]
fmadd d2, dl1, do, d2 // d2+=x[i]*a
str d2, [x1, x4, 1sl #3] // y[i]=d2
add x4, x4, #1 // i+=1

.latch:

cmp x4, x3 // 1 < n
b.1t .loop // more to do?
ret

20
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DAXPY @ ARM SVE

ARMv8-A SVE code 1 // x@ = &x[@], x1 = &y[@], x2 = &, x3 = &n
2 daxpy_:
Predication centric approach 3 ldrsw x3, [x3] // x3=*n
Predication compute instructions 4 mov _x3, #8 [/ x4-1-0
5 whilelt p0.d, x4, x3 // p@=while(i++<n)
Architecture Implementation dependent !!! 6 ldird z0.d, pO/z, [x2] // p9:z@=bcast(*a)
The system decides 7 -loop:
8 1did z1.d,| pe/z| [x0, x4, 1sl #3] // p@:zl=x[1i]
VL™ FUs Micro 1did z2.d,| po@/z| [x1, x4, 1sl #3] // p@:z2=y[i]
) 10 fmla z2.d, &y z0.d // pO?z2+=x[i]*a
architecture stid z2.d, // pery[i]=z2
decides | 1 incd x4 // i+=(VL/64)
12 X tﬁhi 1t po.d, x4, x3 // p@=while(d ) Predicated
whilelt p0.d, x4, x pO=while(i++<n) .
15 b.first .loop // more to do? execution
16 ret

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date 21
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DAXPY @ RISC-V VE

= RISC-V VE

= Set up: architecture decides VL

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date

Micro
architecture
decides
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#
#
#
#
#

SsaxX
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egister arguments:
ao n
fao a
al X
a2 y
Py

vsetvli a4, a0, e32, m8

viw.v vo, (al)

sub a0, a9, a4

slli a4, a4, 2

add al, al, a4

vlw.v v8, (a2)
vfmacc.vf v8, fao, vo
vsw.v v8, (a2)

add a2, a2, a4

bnez a@, saxpy

ret

22
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DAXPY @ OPENMP ACCELERATOR DIRECTIVES

m  Accelerator directives
void axpy_ref (double a, double *dx, double *dy, int n) {

#pragma omp target teamsldistribute parallel for
for(int i = 0; i<n; ++i
y[i] = a*x[i] + y[i];
}

Accelerator specific
resource/scheduling model

GPUish

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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AXPY @ EPI
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DAXPY @ EPI

= Scalar C code

EPI

GPP

EPAC

ARMs

EPI

epl

On ARM / On RISC-V

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

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

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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DAXPY @ EPI

Vector OpenMP C code

EPI

epl

On ARM / On RISC-V
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GPP

ARMs

EPAC

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];

}

EPI

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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DAXPY @ EPI

= \ector intrinsics @ C code

EPI

European

Memory

Vector
Core

Processor
Initiative
epl
On RISC-V
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_1xf64(a, gvl);
for (i=0; 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_1ixfe64(&dy[i], gvl);
__epi_1xf64 v_res = __builtin_epi_vfmacc_1xf64(v_dy, v_a, v_dx, gvl);
__builtin_epi_vstore_1ixf64(&dy[i], v_res, gvl);
i += gvl;

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date

27




L ———

DAXPY @ EPI

= OpenMP taskified

EPI

p |

On ARM / On RISC-V
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GPP

ARMs

EPAC

void axpy_omp (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;

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

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date



European

Processor
epl

L ———

DAXPY @ EPI

Initiative

From ARM - RISC-V

= Offloadin
J void axpy_offload (double a, double *dx, double *dy, int n) {

int i;
#pragma omp target map(to:dx[@:n-1], tofrom:dy[@:n-1])

axpy_SIMD(a, dx, dy, n); // axpy_intrinsics,

EPI

Memory

EPAC

GPP

ARMs

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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DAXPY @ EPI
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Parallel ARM - RISC-V

= Offload from each ARM

thread to a RISC-V core 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])

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

Vector
Core

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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Parallel ARM - RISC-V

= Offload from each ARM

thread to a RISC-V core void axpy_omp_nest_2 (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])

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

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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On ARM

= Offload from several

ARM:s to several RISC-Vs void axpy_omp_nest_3 (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])

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

Memory }

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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= NTX driver for axpy void axpy_ntx_drv(float a, float *dx, float *dy, int n) {
DoubleBuffer bx(TS, dx, IN), by(TS, dy, INOUT);
bx.prefetch(); by.prefetch();

L ———

DAXPY @ EPI

On RISC-V

= To be run on small RISC-V core in

he N ntx_cfg({TS}, {a,0}, {bx,8}, {by,8});
= Double buffering used to prefetch for (int i =0; 1 < n; 1 +=TS) {
data and overlap with computation ntx_sync();
bx.swap(); by.swap();
EP) ntx_fmac();
}
Memory ntx_sync();
» by.flush();
by.flush();

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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DAXPY @ EPI
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From Vector core (RISC-V) & NTX (RISC-V)

= Offloading from vector

core to NTX void axpy_ntx (double a, double *dx, double *dy, int n) {
#pragma omp target
axpy_ntx_drv (a, dx, dy, n);
EPI }
Memory

Vector
Core

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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DAXPY @ EPI

Initiative

From ARM core = NTX (RISC-V)

= Offloading from ARM to - -
NTX void axpy_a2ntx (double a, double *dx, double *dy, int n) {

#pragma omp target map(to:dx[@:n-1], tofrom:dy[@:n-1]) device(ntx)

axpy_ntx_drv (a, dx, dy, n);

EPI }

Memory

EPAC

GPP

ARMs

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date 35
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DAXPY @ EPI

= From ARM to RISC-V
vector to NTX

EPI

From ARM - RISC-V &> NTX

p |
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void axpy_2_nest (double a, double *dx, double *dy, int n) {
int i;

#pragma omp target map(to:dx[@:n-1], tofrom:dy[@:n-1])

axpy_ntx (a, dx, dy, n);

Memory

GPP

ARMs

EPAC

Vector
Core

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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DAXPY @ EPI

= . and combinations!!

EPI

epl

From ARM - RISC-V &> NTX
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EPAC

void axpy_par_2_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;

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

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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EMULATION

Copyright © European Processor Initiative 2019. EPI Tutorial/Barcelona/17-07-2019
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Axpy @ ARM SVE
| input n = 301024 | | input n = 20000*1024 |
Exec Total instructions SVE instructions Non-SVE instructions Exec Total instructions SVE instructions Non-SVE instructions
scalar 519141 0 519141 scalar 245911516 0 245911516
SVE 128 380884 184328 196556 SVE 128 153751543 122880008 30871535
SVE 256 265684 92168 173516 SVE 256 76951543 61440008 15511535
SVE 512 208124 46088 162036 SVE 512 38551503 30720008 7831495
SVE 1024 179324 23048 156276 SVE 1024 19351503 15360008 3991495
SVE 2048 164924 11528 153396 SVE 2048 9751543 7680008 2071535
Scalar code: SVE code:

and X8, x21, #OXFfffffff mov X9, xzr

fmov dO, #3.00000000 whilelo pl.d, xzr, x8

mov  x9, x19 fmov  z0.d, #3.00000000

mov  x10, x20 ptrue p0.d

.LBB3_10: .LBB3 17:

Idr di, [x9], #8 [did {z1.d}, pl/z, [x19, x9, Is| #3]

Idr d2, [x10] ldid {z2.d}, pl/z, [x20, x9, Isl #3]

subs x8, x8, #1 fmad z1.d, pO/m, z0.d, z2.d

fmadd d1, d1, dO, d2 stld {zl.d}, pl, [x20, x9, Is| #3]

str di, [x10], #8 incd  x9

b.ne .LBB3 10 whilelo pl.d, x9, x8

b.m .LBB3 17

39

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date



RISC-V VECTOR EMULATOR

= Source
m  C+Intrinsics
= Microbenchmarks
= MxM, SpMV, FE, FFT

= As many as you think relevant/would like to experiment

=  Timing models and very detailed analytics in Paraver - co-design

= Vector length
®  Register use

= Cache sizes and policies (I, D)

Paraver
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__epi_f64 via0, vaal, vea2, vta3;
epi_fo4 vipO, vipl, vip2, vip3;

epl

Emulation
library

Emulation
environment

= Latency we can tolerate?

= B/F

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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COMPILER

European
Processor
Initiative

epl

Standard C/C++ ~

T~

Vector data types
|

Can be passed as arguments

Compiler does:
Register allocation
Instruction scheduling
Spill/save/restore

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];

int rvl, gvl; // requested & granted vector lengths
int idx = ia[row];

y[row]=0.0;

for(int colid=0; colid<nnz_row; colid +=gvl ) { //blocking on MAXVL |

rvl = nnz_row - colid;

gvl = _ builtin_epi_vsetvl(rvl, _epi e64, _epi ml);

__epi 1xf64 va = _ builtin epi vload 1xf64(&a[idx+coli
__epi_1xi64 v_idx_row = _ builtin_epi_vload_1xi64(&ja[
__epi 1xi64 vthree = _ builtin epi vbroadcast 1xi64(3,

v_idx_row =  builtin epi vsll 1xi64(v_idx_row, vthree, gvl),

__epi_1xf64 vx = _ builtin_epi_vload_indexed_ 1xf64(x, v
__epi_1xf64 vprod = _ builtin_epi_vfmul 1xf64(va, vx,

__epi_1xf64 partial res = _ builtin_epi_vbroadcast 1xf64(0.0, gvl);

partial_res = _ builtin_epi_vfredsum_1xf64(vprod, part
y[row] += _ builtin_epi_vgetfirst_1xf64(partial_res);

Intrinsic operations

e C variables

d], gvl);

idx+colid], gvl);

. vector variables
gvl);

“row, gvl);

... vector length

ial res, gvl);

gvl);
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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_1xf64(a, gvl);

for (i=0; 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_1ixf64(&dy[i], gvl);
__epi_1xf64 vtmp = _ builtin_epi_vfmul_1ixf64(v_a, v_dx, gvl);
__epi_1xf64 v_res = _ builtin_epi_vfadd_1ixf64(vtmp, v_dy, gvl);
__builtin_epi_vstore_1xf64(&dy[i], v_res, gvl);

i += gvl;

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date

axpy_intrinsics:

.LBB2_2:

.LBB2_3:

vsetvli a3,
sext.w a3,

vsetvli a4,
vfmv.v.f

addi a3,
blt a2,
mv a3,
sext.w a4,
slli to,
add a6,
subw a5,

vsetvli a7,
sext.w a5,
vsetvli a4,

vle.v vi,
vfmul.vv
add a4,
vle.v v2,
vfadd.vv
vse.v vl,
addw a3,
blt a3,
ret
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a2, e64, ml
a3
a3, e64, ml
vo, fao
zero, 1
a3, .LBB2_3
zero
a3
a4, 3
ao, to
a2, a3
a5, e64, ml
a7
a5, e64, ml
(a6)
vl, vO@, vl
al, to
(ad)
vli, vl, v2
(ad)
a3, a7
a2, .LBB2_2
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TRACE ANALYSIS

Requested vector length @ axpy_28M.prv

. vfadd m vifmul vse m
Aggregated metrics EEEEEEEEE

Global pattern

vehave

Granted vector length @ axpy_26M.prv

Timing models

vehave

2DP - dst reg @ axpy_20M.p

11O OO UL
Dscreg MR

2DP -

)P - sre r axpy_20M.prv

srcl reg fl|

src2 reg

scalar regs vector regs
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= Microscopic pattern

= Co-design insight
= For architects
= For compiler designers

= For application developers

o !

Reg vl use distance

vehave

Reg v2 use distance

Dst reg

srcl reg
src2 reg
register vl use distance @ axpy_20M.prv
_ ~
register v2 use distance @ axpy_20M.prv
il il

Copyright © European Processor Initiative 2019. Event/Recipient/Place/Date
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p O value o
W =
O as
Hw
B v
Destination Register @ axpy_20M.prv
vehave
534 ns 551 ns
Register srcl @ axpy_20M.prv
= = . a2
vehave
O az
534 ns |0 as
O as
Register src 2 @ axpy_26M.prv O wa
[ [ [ [ [
vehave . wl
534 ns 551 ns
O wfadd
Vector instruction @ axpy_28M.prv B vsetvli

vehave ° 1 D vimul
H e

534 ns |:| vee

Program counter @ axpy_26M.prv

vehave

4,_.—'_'—'—,74,_.—'_'—'—'7_,_.—

534 ns 551 ns




TRACE ANALYSIS

Requested vector length @ SpMV_RealMats_new.prv.gz

vehave

SpMV on real matrix
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i

& ns

Granted vector length @ SpMV_RealMats_new.prv.gz

vehave

577,653 ns

L ALl T N

Memory address @ SpMV_RealData.prv.gz

2DC - Progam Counter - Instruction @ SpMV_RealMats_new.prv.gz vehave

577,653 ns

2DC - Progam Counter - Instruction @ SpMV_RealMats_new.prv.gz

Program counter @ SpMV_RealMats_new.prv.gz

. vehave

525,139 ns
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= MPI+ OpenMP (task based)
= Interoperability (TAMPI)
= Dynamic load balance (DLB)

= Hierarchical / Nesting

= Long vectors

m  Specific acceleration devices

" Homogenizing heterogeneity

= Productivity

= Insight 655

= Developing architecture and system software
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