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- RVV (RISC-V Vector extension) is RV's bet for High Performance Computing
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Motivation
RVV (RISC-V Vector extension) is RV's bet for High Performance Computlng
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RVV (RISC-V Vector extension) is RV's bet for High Performance Computlng
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Who is implementing this technology?
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European Processor Initiative (EPI)

Rhea: arm-based general purpose CPU

EPAC: European Processor Accelerator
- Based on RISC-V

- Many tiles: VRP, STX, VEC

K 0N CNIP (NG

I:l

AXI Lite

Peripherals Peripherals Peripherals

. Very large vector length: |

(intel) — AvX512 Wl < 512 bits per vector (8 DP elems)
arm - SVE

16384 bits per vector
[N ~— Up to 2048 bits per vector (16 DP elems) (256 DP elems)

e / —
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How can you develop code for this accelerator? €p! |

- BSC has the Software Development Vehicles (sDV)!":

FPGA EPAC Testchip
\_ (EPAC HW Emulation) (EPAC silicon)

_________________________________________

LLVM-based compiler
(Vectorization) g \

Profile tools
. (Analysis) o

___________________

[1] Filippo Mantovani et al. (2023, May). Software Development Vehicles to enable extended and early co-design: a RISC-V and HPC case of study. In
International Conference on High Performance Computing (pp. 526-537). Cham: Springer Nature Switzerland.
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How can you develop code for this accelerator? epi |
BSC has the Software Development Vehicles (SDV) Access restricted

to EPI partners

FPGA EPAC Testchip i
\_ (EPAC HW Emulation) (EPAC silicon) i
LLVM-based compiler ' Profile tools
(Vectorization) % | (Analysis)
Open access! Open access!

[1] Filippo Mantovani et al. (2023, May). Software Development Vehicles to enable extended and early co-design: a RISC-V and HPC case of study. In
International Conference on High Performance Computing (pp. 526-537). Cham: Springer Nature Switzerland.
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How can you develop code for this accelerator?

BSC has the Software Development Vehicles (SDV) Access restricted
to EPI partners

FPGA EPAC Testchip
\._ (EPAC HW Emulation) (EPAC Silicon)

_________________________________________

" | g e )
LLVM-based compiler | | ! . i ' Profile tools
(Vectorization) 4 i ﬁm I \ (Analysis) y
Open access! Commodity HW with QEMU + RAVE Open access!
(SW Emulation)
____________________ oo

Open access!

[1] Filippo Mantovani et al. (2023, May). Software Development Vehicles to enable extended and early co-design: a RISC-V and HPC case of study. In
International Conference on High Performance Computing (pp. 526-537). Cham: Springer Nature Switzerland.
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What is ‘ EMU ? a software emulator

System-level emulation

K Host (e.g. x86, Ubuntu)
[\ e —

/bin Nlib/x86_64-linux-gnu/

)

ff

ﬁEMU Guest (e.g. RV, Ubuntlh

B T

/bin lNlib/riscv64-linux-gnu/

user@rv: lscpu
Architecture: riscv64
er@rv: 1ls /
in /1ib /proc
user@rv: ./rv_hello.bin

Hello world!

user@rv:

ep)
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System-level emulation

/ Host (e.g. x86, Ubuntu) \

/bin Nlib/x86_64-linux-gnu/ ffsge
ﬁEMU Guest (e.g. RV, Ubuntth
S — [ N\ S —

/bin Nlib/riscv64-linux-gnu/ e

user@rv: lscpu
Architecture:
user@rv: 1s /
/bin /1ib /proc
user@rv: ./rv_hello.bin

riscvée4

Hello world!
user@rv:

— E—

What is ‘ EMU ? a software emulator

User-level emulation

European

ep

Host (e.g. x86, Ubuntu)

-

/bin  /lib/x86_64-linux-gnu/ ~/rv_sysroot

36: 1lscpu
ture: x86

36: ./rv_hello.bin
Exec format error!

user@x86: gemu ./rv_hello.bin \
sysroot=~/rv_sysroot

QEMU Interpreter (e.g. rv -> x86)

|> Instr. translation

li x5, 42 —— ¥ mov eax, 42
printf("...")

syscall intercept

rv_hello.bin

Hello world!

user@xs6:

Mlib/riscv64-linux-gnu/
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What is YAVE? an onolysis/profiling plugin epl

System-level emulation

/ Host (e.g. x86, Ubuntu) \

/bin Nlib/x86_64-linux-gnu/

ff

e

/bin

user@rv:

/.

user@rv:

[ N\

Nlib/riscv64-linux-gnu/

1scpu

Architecture: riscv64
S 1s /

ﬁEMU Guest (e.g. RV, Ubunth

[ Ny

User-level emulation

/ Host (e.g. x86, Ubuntu)
[\ [ N [ N

MNib/riscv64-linux-gnu/

IXx86: ./rv_hello.bin
ormat error!
x86: gemu ./rv_hello.bin \
sysroot=~/rv_sysroot

QEMU Interpreter (e.g. rv -> x86)

Instr. translation
li x5, 42 ————3 mov eax, 42

printf("...")

CG Plugin
(e.g. RAVE)

syscall intercept

rv_hello.bin

Hello world!

user@xs8e6:
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What is WAVE useful for?

AVE monitors and counts metrics such as:
Number of emulated scalar and vector instructions (you can compute Vec.Mix)
- Divided by type (Memory, Arithmetic, Mask, stride type, SEW, )
Average Vector Length (VL)
Number of bytes load/stored with scalar/vector instructions

Program Counter (PC)

AVE provides:
API called for user application to instrument regions of interest
Generation of reportsflogs at the end of the emulation

Generation of Paraver traces (BSC's format for traces)
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What is WAVE useful for?

AVE monitors and counts metrics such as:
Number of emulated scalar and vector instructions (you can compute Vec.Mix)
- Divided by type (Memory, Arithmetic, Mask, stride type, SEW, )
Average Vector Length (VL) — i Remember. variable VL!
Number of bytes load/stored with scalar/vector instructions

Program Counter (PC)

AVE provides:
API called for user application to instrument regions of interest
Generation of reportsflogs at the end of the emulation

Generation of Paraver traces (BSC's format for traces)
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Controlling the trace with the RAVE API

We add instrumentation mechanisms, to define regions of interest.
We work with tuples of Events and Values:

Define event 1000 = “Code Region”
int main(){ Value 1 = “Ini”

rave_name_event (1000, "Code Region") — —u "
rave_name_value(1000, 1, "Ini") Value 2 = "Compute
rave_name_value (1000, 2, "Compute")

Enclose first region with value 1 (“Ini”)
double arrayl[256], array2[256], array3[256]; ///,

rave_event_and_value (1000, 1) -------- Enclose second region with value 2 (”Compute”)
ini_vectors(arrayl, array2, array3); ////
rave_event_and_value(1000, 0)
rave_event_and_value(1000, 2) --------
for(int i=0; i<256; ++i)

array3[i] += arrayl[i] + array2[i];
rave_event_and_value(1000,0)  ________

1
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Controlling the trace with the RAVE API

We add instrumentation mechanisms, to define regions of interest.
We work with tuples of Events and Values:

Define event 1000 = “Code Region”
int main(){ Value 1= “Ini"

rave_name_event (1000, "Code Region") — —u "
rave_name_value(1000, 1, "Ini") Value 2 = "Compute
rave_name_value (1000, 2, "Compute")

Enclose first region with value 1 (“Ini”)
double arrayl[256], array2[256], array3[256]; ///’

rave_event_and_value (1000, 1) -------- Enclose second region with value 2 (”Compute”)
ini_vectors(arrayl, array2, array3); ////
rave_event_and_value(1000, 0)

rave_event_and_value(1000, 2) --------

for(int i=0; i<256; ++i) :
array3[i] += arrayl[i] + array2[il; scatar tnstr | INAMANRNNIONY 000 00I0) DR OEROO
rave_event_and_value(1000,0)  ________
}; Vector Instr _ |'|'|'|||11||||'||'|T | “””” "” "ll”””

21
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Before continuing....

If you want to know more about the WAVE internals :

| RAVE: RISC-V Analyzer of Vector Executions, a QEMU
tracing plugin https://arxiv.org/abs/2409.13639

N
r A

~ QEMU Simulation QEMU Sys. State  QEMU Plugin Laptop (QEMU) I AMD node (QEMU) 1 Unmatched (Vehave) FPGA (Native)
Simulated block Gesembi | Wiite ; : Generating logfile Generating Paraver trace
st o MO ) " T 3 2 < [1°1°1°] ]
vle.v v2, B[i:i+vl1] 25 } % 25 e {
Original code (C ) VS write - F E E E
for (int i=e; i<256; ++i){ Dl o ™ ‘ 220 £ 1 3820 B
cli] = A[i B[i]; i | vie.v vs, E[0:v12] : =1 F i g F N
or int ey gemt vy | | mieie e : 815 = ER-La E
D[j] *= E[31; T ¥ 6 3 F 1 8, F E
3} > Analyzed block (assembly) 4 «210 & = 2 10 & =
=i vsetvl vli, 256, e6d, mi E i 9 = =
2 SF hé ha | i ERES E
o LM | | E NN | ml ]
H : sl viz, o est m | st © O X SIS R, RSP NG R  OE O
g BV NS Acormectsy ® & T ¢S 9 & TS U Vo
v < vse.v vo, bro:v121 / report a VL=8 Application Application Application
Simulated block (assembly) :
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AVE Use case: Emulation Trace (1) ]

- We emulated a Breadth First Search (BFS) code vectorized with RVV

Instrumented code regions \

Emulated instructions

Scalar *
Vector| W 1l ww—w W

23



AVE Use case: Emulation Trace (1) ]

- We emulated a Breadth First Search (BFS) code vectorized with RVV

Scalar
Vector

Instrumented code regions \

Emulated instructions

1l [ | T O B | !-_-I-Illllll W 1} i
gr_)
Zoom! = Individual vector instructions

Dvsu B wmsit

JE A
7 =
Scalar [g § | IS | AN = o
N\

O vie O vmandnot

/i
Vector| BN  Burstof scalar instructions " R B veroe W mans

B vixe B scalar
B vsxe

VvV Vv

4
2,048
1,024 Hl_l H Vector Length (Bytes)

l_ll_lﬂl'l

24



AVE Use case: Emulation Trace (1) ]

- We emulated a Breadth First Search (BFS) code vectorized with RVV

Scalar
Vector

Prop. of Scalar and Vector instructions

Init

gemu_scalar Xy

Instrumented code regions \

Emulated instructions

1l [ | T O B | !---I-Illlllll W 1} i
gr_)
Z°°m'<f Individual vector instructions

Dvsu B wmsit

!
CEC=T assics S T

O vie O vmandnot

1.00 TIEED Vector| IMN Burstof el et TEER] B W

B vixe B scalar
B vsxe

VvV Vv

v
2,048
1,024 HH H Vector Length (Bytes)

l_ll_lﬂl'l
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AVE Use case: Emulation Trace (Il)

Use trace insight to improve vectorization:

Before increasing TD Vectorization
Region

Instructions
Scalar

Vector | | I

‘ Init
gemu_scalar

k 0.62 | 0.6
gemu_vector UE:RRVEY)

European
Processor
Initiative

After increasing TD Vectorization

Region

Instructions

Scalar
Vector

Siumlated instructions
£ ™ ~N

Init J:V 1 TD Bit->Q (c)

gemu_scalar JUGCPAREE] VR 0.81
gemu_vector U BRI

26



AVE Use case: Emulation Trace (Il

We emulated a Plasma-Physics application called Viasiator ['
The code was not initially designed with long vectors in mind:

[1] https://www.helsinki.fi/en/researchgroups/viasiator

European
Processor
Initiative

PLASMA
PEPSC

27
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AVE Use case: Emulation Trace (Il

We emulated a Plasma-Physics application called Viasiator ['
The code was not initially designed with long vectors in mind:

Vanilla Version

Code Region I- -l—
Scalar Instr [ (Y R 1

Large gaps between vector instructions
Vecorlist Mll«—> ' «—1 <——— I il /[
SN | ¥ <

inline Vec [vec_operation](Vec opl, Vec op2)

[1] https://www.helsinki.fi/en/researchgroups/viasiator
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PLASMA
PEPSC
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AVE Use case: Emulation Trace (lll) l

We emulated a Plasma-Physics application called Vlasiator 1l PP—EApSgé

The code was not initially designed with long vectors in mind:

Vanilla Version

Code Region " -I—
Scalar Instr [ (Y R 1

Large gaps between vector instructions
VeEtorltey Mll«<—> Il «<—> 1 <—— 11 Wil 1

a \ ¥ -
inline Vec [vec_operation](Vec opl, Vec op2)

Scalar gaps not seen on the C++ code

b
Added by the compiler. Copies!!

[1] https://www.helsinki.fi/en/researchgroups/viasiator -
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AVE Use case: Emulation Trace (lll) l

We emulated a Plasma-Physics application called Viasiator [' %
The code was not initially designed with long vectors in mind:
Vanilla Version After eliminating scalar copies

Code Region T -I- Code Region - -
Scalar Instr I I  scotar nstr AT T i

Large gaps between vector instructions |
VeEtorltey ll«— Il «<—1<«—— Il Wil [  vecornst HTRTY T
= T - — ;

. . Yy
inline Vec [vec_operation](Vec opl, Vec op2) inline Vec [vec operation](Vec & opl, Vec & op2)

Scalar gaps not seen on the C++ code ,
| Removed by passing

Added by the compiler. Copies!! operands per reference

[1] https://www.helsinki.fi/en/researchgroups/viasiator
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AVE Use case: Console report

You can also obtain vectorization metrics on a console report:

your-machine$ rave ./bfs -f graph.el
(e0)
Reg. #3: Event 1000(code region), Value 3(BU)
tot_instr: 38872
scalar_instr: 15818 (40.69 %)
vsetvl instr: 5236 (13.47 %)
SEW 64 vector_instr: 17818 (45.84 %)
avg VL: 255.60 elements
Arith: 2466 (13.84 %)
FP: © (0.00 %)
INT: 2466 (100.00 %)
Mem: 3142 (17.63 %)
unit: 1573 (50.06 %)
strided: @ (0.00 %)
indexed: 1569 (49.94 %)
Mask: 8171 (45.86 %)
Other: 4039 (22.67 %)




AVE Use case: Console report

You can also obtain vectorization metrics on a console report:

your-machine$ rave ./bfs -f graph.el

(e04)

Reg. #3: Event 1000(code region), Value 3(BU)
tot_instr: 38872
scalar_instr: 15818 (46 69 /)
vsetvl instr:

FP: © (0. 00 /)
INT: 2466 (100.00 %)

unit: 1573 (50.06 %)

strided: @ (0.00 %)

indexed: 1569 (49.94 %)
Mask: 8171 (45.86 %) !
Other: 4039 (22.67 %) |
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You can also obtain vectorization metrics on a console report:

your-machine$ rave ./bfs -f graph.el

(...)

Reg. #3: Event 1000(code region), Value 3(BU)

tot_instr: 38872
scalar_instr: 15818 (40.69 %)

Arith: 2466 (13.84 %) |

FP: © (0.00 %)
INT: 2466 (100.00 %)

unit: 1573 (50.06 %)
strided: @ (0.00 %)

your-machine$ rave ./bfs no_if -f graph.el

(...)

indexed: 1569 (49.94 %)

Mask: 8171 (45.86 %) !
Other: 4039 (22.67 %)

Reduction in Mask and

Other Vec Instructions
.

Reg. #3: Event 1000(code _region), Value 3(BU)

tot_instr: 44780

scalar_instr: 21866 (48.83 %)
vsetvl instr: 9556 (21.34 %)

SEW 64 vector_instr: 13358 (29.83 %)

FP: © (0.00 %)
INT: 2481 (100.00 %)

unit: 1454 (48.02 %)

strided: @ (0.00 %)

indexed: 1574 (51.98 %)
I
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Conclusions

We developed a plugin for QEMU targeting the RISC-V Vector Extension

AVE allows to study vectorized applications with fine-grain detail:
Instruction Mix, Vector Length, ...

AVE is already being used by performance analysts at BSC to study HPC
applications

Future work includes:
Multi-core emulation (OMP and MPI)
Automatic instrumentation of user functions
Adding a timing model
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Try it yourself!
https://repo.hca.bsc.es/qitlab/pvizcaino/rave

35
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Don’t hesitate to contact me at pablo.vizcaino@bsc.es!

36


mailto:pablo.vizcaino@bscs.es

