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A bit on Vision

 Scalability: not about size, about dynamic range !

I”

* “Universal” principles: “Similar” at all scales
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A bit on Vision

* BSC tools focus
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A bit on Vision

* BSC tools focus

Traditionally
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A bit on Vision

* BSC tools focus

Useful ? Possibilities?

... on RISC-V Vector processor ?

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion 5



The EPI RISCV Vector project

European
Processor
Initiative

The EPI RISCV Vector vision

* Long vectors
* Raise ISA semantic level
“less words, more work”

The -mpurta nce of ISA: Osmotic membrane
. access [.tattern semantics to the architecture
Poten ial to optimize throughput talerating latency

+ Parallelism
1 instruction M cycles

Less pressure on frontend

Possibilities of ~ 000 execution
Decouple Frent end — back end
Maximize lookahead

few cycles “overhead”

Opportunity for intelligence

« Programming productivity

Single thread intermixing scalar and vector instructions
Consistent
Fine granularity

Hardware score boarding
Mo need of explicit order control

= Change in relative importance
* overheads, parallelism & lacality

= RWB4GCV (- Bx)
= 2 wayIn order core
= Decoupled VPU
L] 8 bnes
= Long vectors (256 DP sements)
= > 128 MSHR
= L1- MEeSI coherancy
= CHIinterface NoC
= 1line/ cycle
= |24 256KB/module

= Allocation control
mechanisms

Mo in tile L35

q( .

Eurcpean
Processor
Initiafive

ViRISC

* technical enabler
+ affordable

o
om

EPAC architecture

_I:I:I

» DL and stencil specific accelerators

« Extensions to planned NTX
= Programmable address generators 2
= lightweight RISC-v core + fat FPU + (Streaming Semantics & FREP)

VRP
= Variable precision processors

Accelerator Vector
@ Pr— model made|
RVV @ FPGA & ecosystem
* HPC software stack @
Commercially available RISC-V _
platforms : p————

Scalar RV
* SLURM, MPI, OpeniP, BSC 0
tools, RVV software emulator

* EPISDV platforms
* Linux
* Testusercodes @ real RTL
* Early accessto EPItechnology

| Contact : filippo.mantovani@se.ex |

* Holistic CI/CD framework
* HW & Sw
* Functionality & performance

[ros—.
Supercemputing

Eneer

e STRWPRE——

Self hosted RV node @50MHz

RTL Repe
Owmerations NFS




LOD for “co-design”

App development & Data acquisition

A

Analysis

v

|—> MUSA
Vehave emulator R
@ scalar RV/QEMU prv
) LLVM |7 timin | L"“““‘“"M‘“
> g i .
compiler PAPI L SN
RVV @ FPGA — D
(50 MHz) W
ILA » Extrae

Parametrized

Latency
Bandwidth ila

D
sampling W

Clustering
folding

—
= P
— <

https://repo.hca.bsc.es/gitlab/epi-public/risc-v-vector-simulation-environment

More info:
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Granularities

Run: 10R Instructions

Capture: 10%instructions

Data: 10P bytes

Insight: 10' Instructions

R= 9++
C= 9++
= 2
| = 9++

— OO =

o9+

0.01..1

R= 7+
C= 3.7
D= 8
| = 0.01..7
R= 9+
C= 09+
D= 8
| = 4+
R= 9+
C= 9+
D= 8
| = 2.5
R = 9+
C = 3
D = 6
| = 001.. 4
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Extrae traces

* User events

e Code region events

* User events M, N, K
* Derive MFLOPS

* Sampling or not

* HW counters
 Typical: |, cyc, L1, TLB

e Other: VEC stalls &
utilization

Less OS ?
50 MHz emulator
standard Linux interrupts
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With sampling

No sampling

HPL: N=4096
% of peak @ dgemm @ Linpack?

X
"
185,837,437 us JL_intr_dgemm 231,438,559 us

X
185,837,437 us 231,438,559 us

X

E B 3 L& W oH MY % kpefaur v 2

[600.00..604.00)
700 ME (87.5%)
X

S 1 Y

1.4
99,532,224 us 225,125,346 us
X

E B 3 L & W H I N L % kpefaur v 2

[276.00..280.00)

750 ME (93.7%)

10



Extrae HWC metrics

X

THREAD

X

THREAD

X

THREAD

X

THREAD

X
THREAD
A
X
THREAD
A
X
THREAD
A
X

THREAD

FiiN

-

-

™

-

-

-

-

-

-1

o .

With sampling

| O B I I B A

185,837,437 us 231,438,559 us

-Jhﬂ ™ o I A A M A A R ﬂdﬂﬂMJ

185,837,437 us 231,438,559 us

nf l o L

185,837,437 us 231,438,559 us

: | ]

185,837,437 us 231,438,559 us

| '

185,837,437 us 231,438,559 us

185,837,437 us 231,438,559 us

L b il

185,837,437 us 231,438,559 us

 — koo
185,837,437 us 231,438,559 us
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X

THREAD

X

THREAD

X

THREAD

X

THREAD

X

THREAD

X

THREAD

A
X

THREAD

X

THREAD

A

I~

™

I~

-

.1

No sampling

L1 1 1T TP Irrir

99,533,224 us 225,125,346 us

I_L L —

99,533,224 us 225,125,346 us

ol J U]

99,533,224 us 225,125,346 us

: ] ]

99,532,224 us 225,125,346 us

ld V]

99,533,224 us 225,125,346 us

: 5 =
_+

99,532,224 us 225,125,346 us
[l " "~ r L T " " oF "o
l |
99,532,224 us 225,125,346 us
= L L L] L T " " "o
99,532,224 us 225,125,346 us

=

1000
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Extrae traces

With sampling

(603> 648>

Still only 81%

No sampling
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HPL: N=4096
% of peak @ Linpack?

X

185,837,437 us I:ll._‘irltr_dge- 231,43Q,559 fs

X

e w

185,837,437 us 231,43 559 4=

&
E B 3 L& W oH MY % kpefaur v 2

[600.00..604.00)

" lhlhl\u
99,532,224 us 225,128,346 ||=

99,532,224 us 225,125,346 us

(.4
E B 3 L & W H I N L % kpefaur v 2

[276.00..280.00)
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Extrae HWC metrics

With sampling No sampling

X X
e | I - | (1T

187,808,358 us HPL_dlaswp 118, 568,461 us 181,268,776 us 183,968,887 u
X X
THERE 2 Lw.m—-— TR e I_L-r\ﬂ-\_hrw—!

B Y _'_‘—'_‘—'_‘_'_‘—|J_I_ S ey R T

167,888,358 us 118,589,461 us 181,268,776 us
1.4 X
THREAD 1.1.1 ‘ THREAD 1.1.1 |

ol Tl T Tk, 1 | bl T TSl J

187 888,358 us 118, 588,461 us 181,268,776 us 183,960,887 us

X VPU utilization @ xhplJLndb.nsmpl.NB240.r3. N4 /99.0Lprv

THREAD 1.1.1‘ MH—W“‘%
167,868,358 us

m’ THREAD 1.1.1
118,584,461 us 181,268,776 u
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DRTSM: Not all vectorized
intermix scalar and vector instructions
copies to temporary storage

WIP
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Coarse grain sampling = fine grain detail

 ESiWace Dwarf

* Climate code miniapp (IFS)
* [terative
* Very flat profile

Main region Zoom

IPC

* Fine granularity Vec instr m
ec Instr mix

src line

* Trace with sampling
e ~70 ms sampled granularity

¢ ACt u a | p rog ra m g ra n u | a rity? X Instructions per cycle @ cloud_up.vl.vec.extrae.G.smpl70.71.54096.B54006.0Lprv ~ ~ X
Can be identified?

THREAD 1.1_1‘ ’—\_{_\ ’—\_—l—\ f_‘ ’—‘I_I_
,& 127,648,425 us 138,667,752 us

X

"
THREAD 1.1.1 o
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Coarse grain sampling = fine grain detail

e Postprocess trace (folding)
to get finer grain details

Main region Zoom

X
IPC | e 1aa MNWWWM\WWWWNWNWWWNMWW
& 3,873,242 us 43 486,27Y us
X
Vec instrmix: e - U A A A

src line

m # Instructions per cycle @ cloud_up.vi.vec....clustered.codeblocks.fused.folded.prv #1 ~ ~ X X
& 31,886,566 us 32,965 893 us 46,985,921 us 47,925,248 us
X m # Vector instruction mix (%) @ cloud_up.v1.....clustered.codeblocks.fused.folded.prv#1 v A~ X
THREAD 1.1.1 ﬂ THREAD 1.1.1 A
VAN Wal AN AN o~ e I
& 31,886,566 us 32,965,893 us & 46,905,921 us 47,925,248 us
X X
T TR T T ITRT T T TR AT T MR TR TR T [ T T e e e L T T T T (TN T ITI T T T AP T [TEWT T T W TET T T e A TP ¥ NPT NPT TR e

THREAD 1.1.1 = e ezt T T THREAD 1.1.1 TR A &= (o yamarms RemARTE BT e gt e SR e

e e - et e e ave o o nef " .

31,886,566 us 32,965,893 us 46,905,921 us 47,925,248 us

Harald Servat et al. “Detailed performance analysis using coarse grain sampling” PROPER@EUROPAR, 2009

Center

Barcelona
@ Supercomputing Harald Servat et al. “Unveiling Internal Evolution of Parallel Application Computation Phases” ICPP 2011
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Vehave traces

e EsiWace climate code dwarfs

&

X

vehave W

236,116,849 ns

X

vehave

- mE EEmEE meoE

Instructions

58,316,181 ns

Program Counter

R
R o m

236,116,843 ns

X

vehave

258,316,181 ns

Vector length

236,116,849 ns

vehave

258,316,181 ns

Element length @ automatic_vec.so.prv

Element length

236,116,849 ns
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58,316,181 ns

Offsets within gather

vehave

472,126,987 ns 472,127,276 n=

Actual memory address.cé @ automatic_vec.so.prv

LRU Stack distance

vehave

L} - L} -
Lo e R coE I :
e . : L b gl g
157,472,954 n= 71,568,478 n=

%

X
Memory address

vehave

X

vehave

469,762,822 ns 463,768,417 ns



Architectural simulation

* Impact of ...

* |nstruction latencies, ROB, Cache
sizes, Memory latency, MAXVL, ...

* Global metrics & detail

 When are instructions issued,
completed, graduated

* Individual hits & misses
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* Detailed analysis & insight

| It timing (colored by instr) |

V7 e

RVV Software emulation

.......

Swenptic:
e 3 e 2 s 2 s F s Y s o
T —
o o et
................ SpMV

RVV Software emulation

* Geophysics

- e e e e
oy e 1 e g S B

o e e 12 bit ruie g i a1 mar 2oel vesen b

2 e =

= mom it e .

z = o

[r=3 o v 10 g WL b b | L. S = ot

] B [

B .
[== N m
—E - e
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LA traces

- 98% of peak ?

All good?

* DGEMM -
* Trace: 32K cycles

Instruction at top of ROB f

Execution of memory instr.

Instructions in flight

Data to VPU Tolerance !
High memory BW ?(% of peak) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,T,,,,,,,,,,,,,

O *TTINIT daadtdd diti rr%r“n“fr[}!rnf

Vector loads: always miss = l
s L!H[ NN NNNNNNN NNNNEN ||'HfJ'|'ﬂ|”H[}_TIG[“[
Periodic scalar misses T il

32,767 ns

ns
Barcelona @ ns Jj 220 32,767 ns
Supercomputing
Center
Centro Nacional de Supercomputacion
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LA traces

e /JOoOM

Load not issued till very late ...
... still in time to overlap, but ..

Vector loads: always miss —m .

X
SO 1010 o A
X

X
sen_o - - (L] -
men_1
nen_2
17,653 ns 2 28
X

Periodic scalar misses
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LA traces

* Impact of memory latency
* +0cycles
* +100 cycles
e +200 cycles
e +300 cycles

23



LA traces

* Impact of memory latency ( +300 cycles)

mem_2

28,158 n= \ -
X
ila LT P e W W
28,158 ns 8 s |

\ / | —
e 28,158 ns l 28,831 ns :
-4

(N
(SN

ila

28,15 28,831
e m

268,158 2 il
ila

28,158 2 il
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Productivity

* |ISO RTM code

* Half an hour with the compiler expert ...
* 4.1x faster than sequential —=> 15x

X 3
o " - Prrrwrm- Lo s n-.-.m-.-..- Lo -
Y G ettt
3 An 121 ne 14,347 ns 8,183 e 13,888 ns
File Edit View Bookmarks Plugins Settings  Hell - -
9 g P weno [T f7 T W, T TR e F T | nen o [T ERR=r WFRS B G I TRRR T R, BOTRRR TRT Gl - TR EER T
E= E3 i e R R N B R B N me m o b M oM b
REETRTTE 14,547 ne TR 18,347 s

5 NewTab [T split view ~
- X

E D@ & WHMINXZI% L~

viadd vfmadd |vimsub [0 vie 1
[ 16

if (do_trigger = 1) { do_trigger = -1; imm_trigger(6) ; } & B 3@ < & W H & |l & I % k Defaut - |2
for (int iz = radius; iz < nz - radius; iz++) vfadd FRiTTY vie ‘-ﬂ-l“liﬂlull m- ]
{ I |

i [IEIEEOEY S| T

2DP - ToROB.

for (int iy = radius; iy < ny - radius; iy++)
{
for {int r=1; r <= radius; re+) emw & mnbdnEz o wean v 2 tpm a@ minbnla o v

{
{1 B o spLit Losp for sone resson I o ot arest s ROt I e I | vass_ v s e TR |

#pragma clang loop vectorizelenable)
for (int ix = radius; ix < nx - radius; ix++)

{
int const idx (Index (ix, iy, iz, nx, ny, nz));
float vsq = velocity[idx] * velocity[idx] * dtxi x X
pxx[ix-radius] coeff[0] * pCurr[idx]; - i
pxx[ix-radius] fflr]
* ( pCurr[Inddx (ix + r, iy, iz, nx, ny, nz
+ pCurr[IndeX (ix - r, iy, iz, nx, ny, nz 10,121 s o o 16,021 me T

+ pCurr[IndexN\(ix, iy + r, iz, nx, ny, nzry
+ pCurr[Index (™ 1y - r, iz, nx, ny, nz}]
N .
+

nx, ny, nz})]

nx, ny, nz}]

pCurr[Index (ix, iy, ¥

pxx[ix- r;d ius] *= wsq;

#pragma clang loop vectorize(enable)
for {int ix = radius; ix < nx - radius; ix++)

{

3.0 = 3.0f

int const idx (Index (ix, iy, iz, nx, ny, nz));
pNext[idx] = 2.0 * pCurr[idx] - pLast[idx] + pxx[ix-radius] ;

}
}
}
INSTRUMENT _END_REGION;
143,1 Bot v

Barcelona Arriesgado (edit) *  Arriesgado (make) * = Arriesgado (run) * | Arriesgado (other) % analysis : bash
Supercomputing
Center

Centro Nacional de Supercomputacion



Productivity

 Good ?
Still only 15% utilization of core data channel ®

e Codesign suggestions for
Compiler / App

* Loop interchange/split improvement to reduce memory accesses (store !), reuse
register and lookahead (store stalls)

e Reorder loads to overlap memory and cache access
e 3x unroll to increase register usage

Architecture
* More concurrent loads x x
!‘MII\I | ! ] Yl A ) ‘IH,,‘,,,‘,!
* Increase cache interleave factor = . DT =
° : 2= = e ;
Ar I B QG & W OH 3 ™M I Y% hDefak v 2 e B e L@ B OH ™ E %k~
hltect vracd [N vie KXY vsiidedown [FTTY vslideu p__' vradd |vimadd [wimsub zza vie (22 1
of ila --H--- < [0S IR i e ---
Sen n 4 2DP - ToR rizer.no_f.10.128.128.128.0L ila_ext.prv.gz
Sltl e B & MW H % E % hDefauk V| E B 32 O & W OH N ZI% M ~
vradd [N vie [IEEXIN vsiicedown [IEETT vsiiceup [T Wincvel 1 vfadd |vimadd [Vimsub g  vie |
ila |‘|ns--- 111 ZSHS \C\E\Ems ila 1D.96nsm- 31.01 ns| 27.77 ns|

LﬁwmeWmewmmmmmmm
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Conclusion

* Hierarchy of tools for Levels of Detail in Performance Analysis

* Data gathering
* Extrae, PAPI, ...
* [LA2PRV

e Visualization = Paraver
* Analytics

 Some analyses for RVV ...
 ...to discuss with RTL, Compiler, Application implementors

* An approach that | believe could also be useful to improve
productivity in other co-design efforts
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