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Solution for XIFU Exercise XL Chips-IT

> FIRXIFU RTL: https://github.com/pulp-platform/fir-xifu/tree/main

> EIRXIFU SW: https://qithub.com/FondazioneChipsIT/regression_tests/tree/EfclSolutions ->
fir_xifu_minimal & fir_xifu_complete
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Overview of the course XK Chips-IT

> PULP platform & PULPissimo microcontroller architecture
”> Extending RISC-V cores with dedicated custom instructions

? Integrating cooperative HW Processing Engines / HWPEs

> Lecture: Why should an ISA extension not be enough? PULP cooperative HWPEs and
loosely-coupled accelerators

?> Hands-on: Guided design of a FIR filter HWPE
»> Hands-on: Integration of the FIRHWPE in the PULPissimo architecture
> Hands-on: Evaluating acceleration in the PULPissimo environment

> Testing extended PULPissimo on FPGA



Yesterday we design a cool ISA extension ..

> .. should the course be over yet?
> Well, that is a rhetorical question ;)
? Letus consider a core + ISA extension, e.g., realized with CV32E40X + a XIFU like

yesterday’s

> We will consider a few bottlenecks and the related workarounds

IM/1S

Data Memory

XL Chips-IT



1) The register file bottleneck XK Chips-IT

> Arithmetic instructions are primarily Reg-Reg
> Reg-Reginstructions are bottlenecked by the architectural register file
> limited size, i.e., the number of architecturally exposedregistersis small (=32 in RISC-V)
> limited bandwidth, generally 2 or 3read ports + 1 write port

?> Theregister file bottleneck limits data reuse...

> Circulate often data between mem and RF, killing performance and requiring much L1
bandwidth

?> Register File is a shared resource with all other instructions! It is a scarce resource



1) The register file bottleneck - a workaround >>:<<Chips-lT

? Internalizing the register file alleviates the bottleneck
? Internal registerfile is not shared with other SW, and it can be arbitrarily large
” Datareuse s limited only by the overall size, which canbe made much > 32 elements
> RFcanbe organized in different buffers, delivering higher bandwidth
> We actually used this trick in yesterday’s XIFU!

! |
: Special szlF :
i | :
IM/IS n Reg. File -"1'_> Data Memory

? Less flexibility: Special RF is by definition less architecturally visible than architectural RF©
> Alldata ultimately will be bottlenecked by LSU and memory access! ®



2) The LSU bottleneck

?> The core’s LSU has limited bandwidth and it is shared
? Maximum 32bit/cycle onaRV32IM core

? This is assuming we issue 1load/store instruction per cycle

IM/1S

Core
> Limited L1 memory bandwidth disables any scheme providing large acceleration

?> Checkroofline plot - we are often in L1 memory-bound conditions

Data Memory

XL Chips-IT



2) The LSU bottleneck - a workaround DXL Chips-IT

> Provide the co-processor or ISA extension with its own LSU
? Can provide the required bandwidth (at a cost)
?> Does not occupy the core LSU
”> LD/ST on extension & main core can proceed in parallel
> We need a small controller to control the extension LSU

Core
? Can create memory consistency problems if used in a very “tightly coupled” way

> Especially if extension operation lasts more cycles than the core pipeline stages



3) The Von Neumann bottleneck DXL Chips-IT

> AnISA extension still executes instructions, leading to a control bottleneck
? It needs to fetch/decode/execute (“Von Neumann bottleneck”)
? Keeps the core occupied with “menial” control tasks

? Eitherrelax “RISC” assumption oracceptvery fine-grain computation (more difficult
to accelerate)

IM/1S

Data Memory

? The price of flexibility!



3) The Von Neumann bottleneck - a workaround? >>\'/<A<Chips-IT

% Delegate more control to the extensionitself

? Coarser grain, less RISC-like “megainstructions” managed almostindependently from
themaincore ;=== e mmmmmmmmmm oo .

XIFU Ctrl

Special RF

IM/1S

Data Memory

> Privatized local register file, LSU, controller:
? Is this still an ISA extension at all?



Loosening the core-coupling DXL Chips-IT

> Move the only remaining coupling (controller) to memory-mapped control

?> Not really a coprocessor anymore, but something else entirely: anindependent engine /
specialized core

Ctrl

Control Mem. Mapped RF

Special RF

IM/1S

Reg. File

1
1
?_ Data Memory
1
:
1
1
1

_______________________________

Core
? This can be anything ranging from a really loosely-coupled core (100-1000s of cycles to

move data core to accelerator) to a PULP cluster-coupled engine (sharing memory at L1)



The accelerator spectrum DXL Chips-IT

RV32IMC Xpulp XpulpNN, Xfir HWPE PULP to SOC
13 bh “Far”
Baseline !SA“E)ft' ” I.SA E Xt',, S memory-
ISA with “slim with “fat memory- maboed
ctri ctri mapped ctrl c':rpl

control axis = “distance from the core”
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The accelerator spectrum PULP to SOC | XX Chips-IT

>

”

--------------------- Shared L2 Gpys. TPUs
HW Processing Engines Shared,>L3 or

. Shared L1 Shared L1 PCI-Express
. with ISA with MM
: ctrl ctrl

ISA Ext.
with own
RF+LSU

core-accel. data exchange

ISA Ext.

with own
RV32IMC Xpulp RF

Baseline ISA Ext. XpulpNN, Xfir
ISA on core RF

data axis

control axis = “distance from the core”

13



“core-accel. data exchangej

data axis

Y
he accelerator spectrum PULP to SOC X< Chips-IT

BN NN NSNS NN N NN NN NN

NN Sl il v  Shared L2
= 11 HW Processing Engines | GPUs, TPUs
© ¥ Er— Ep—T Shared >L3 or
1| Share are i

% | with ISA with MM PCl-Express
% ¥ ctrl ctrl
0 'RedMulE €C - -N-EUREKA,
o , ISAExt. ITA, FFT...
o ' with own I Our focus today: shared-L1, memory
& '  RF+LSU i map controlled HWPEs
+ Snitch, Spatz, Ara :
> ' ISA Ext.
c . with own .
G | Rrvs2mmc Xpulp . RF \
S . )Ik i ! In our research, sweet spot between
) Baseline ISA Ext. KpulpNN, Xfir ___________ . flexibility, efficiency, programmability
B ISA on core RF
£

. % _J- ” >
control axis = “distance from the core

less flexibility + more autonomy
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Cooperative Shared-L1 Accelerators >>:(<Chips-lT

B”

Tightly Coupled Data Memory

)
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c
c
o
(8]
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3
£ Cluster Interconnect

RISC-V RISC-V RISC-V
core core core

PULPissimo Cluster
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1. High-bandwidth, latency-tolerant memory access >>:'<<Chips-lT

Tightly Coupled Data Memory

y=)
(6]
[))
c
c
o
(8]
1 9
3
£ Cluster Interconnect

RISC-V RISC-V RISC-V
core core core

PULPissimo Cluster
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1. High-bandwidth, latency-tolerant memory access >>:\'/<<Chips-IT

Tightly Coupled Data Memory

Cluster Interconnect

interconnect

embrace the tight cluster-coupling: maximally
exploit L1 bandwidth with dedicated interconnect
- use dedicated/specialized DMAs (streamers)
inside the accelerators, with platform DMA kept
available for cores / double buffering

PULPissimo y

17



. Low overhead control in SW XL Chips-IT

Tightly Coupled Data Memory

viuater e ~onnect

-
C
q
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)
D
-

=

RISC-VEERISC-VERRISC-VERRISC-V
core core core core

1$ 1$

PULPissimo Cluster
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. Low overhead control in SW

PULPissimo

-
C
q
<
<
(
)
D
-

=

memory-mapped control with regular LD/ST like \
any other peripheral in the system (DMAs, 1/0)

- standardized ctrl interface between different
accelerators with common (trigger, status, ...) and
specialized commands

no need to modify compiler ©

viuater e ~onnect

RISC-VEERISC-VERRISC-VERRISC-V
core core core core

1$ 1$

Cluster

XL Chips-IT
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3. Standardized interface to simplify design >>:(<Chips-n
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Cluster Interconnect

RISC-VERRISC-VERRISC-VERRISC-V
core core core core

1$ 1$

PULPissimo Cluster
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1+2+3 = PULP Hardware Processing Engines (HWPEs) >>\'/:<<Chips-lT

Tightly Coupled Data Memory

Cluster Interconnect

interconnect

RISC-VERRISC-VERRISC-VERRISC-V
core core core core

1$ 1$

PULPissimo Cluster

Documentation: https://hwpe-doc.rtfd.io 2
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HWPE-Style to design accelerators }< Chips-IT

> Factorize designin three main components
? An accelerated datapath, which we call engine
? Fully custom and accelerator specific

? Main constraint: designit to be latency-
tolerant

> Example: FP16 systolic array in RedMulE, Incoming streams
Partially Bit-Serial Array in N-EUREKA, Radix-2

inFFT... I

? The engine exchanges data using HWPE-Streams
> Not explicit memory accesses, but defined
purely by ordering

> Very lightweight protocol based on ready & 4=
valid handshake outgoing streams

?> Natively tolerant to latency!

ENGINE

Accelerator Datapath

22



HWPE-Style to design accelerators

> Factorize designin three main
components

?> Anaccelerated datapath, which
we call engine

> Aspecialized data mover called

?> Converts from HWPE- S 2
N
Streamsto actualmemory 0 >
accesses andviceversa & g
> Tai 0 ¢mm)
Tailored to accelerator, but £

composed of
standard pieces (LEGO-like),
e.g., FIFOs,

==  STREAMER
=== secialized DMA unit

Incoming streams

‘¢

outgoing streams

Accelerator Datapath

XK Chips-IT

ENGINE

source, sink modules

23



HWPE-Style to design accelerators DXL Chips-IT

32-bit
”> Factorize designin three main Interrupt peripheral target

components T ‘

?> Anaccelerated datapath,
whichwe call engine CTRL

> Aspecialized data mover

called streamer ' ‘

> Alocal HWPE controller
? Further composed of

Incoming streams

a standardized Sy
peripheral target + £ é
custom control(e.g., 8 S == STREAMER ENGINE
FSMs) x g === specialized DMA unit Accelerator Datapath
?> Several components 2 S—) -
available
outgoing streams

24



HWPE-Stream latency-insensitive protocol >>Z(<Chips-n

Monodirectional, minimal (valid/ready handshake + data + optional strobe), no assumptions on content
Positional information carried by order of data packets, no explicit address

1. handshake happens when
; - e L L L LI = L/ I 1 1
valid & ready =1 i

ready /

stream

-V
data. 22 0xDE X_oxAD X777 oxBE X OXEF X__oxoB

ewi| | L1 L1 1
2. data/strobe can only change 1) following a [ vaia / \ x
handshake, 2) when valid is deasserted é{ ready I S—
data 77X _OxDE X OxAD X7

3. assertion of valid (0 to 1) cannot depend

COMB p» valid B
combinationally on ready - ready < x

ey data[D-1:0] ey

4. deassertion of valid (1 to 0) can only happen in the i e
cycle after a handshake EI "y /—\_x
°| saa ) OXDE Y
Documentation = https://hwpe-doc.readthedocs.io/en/latest/ “

25
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Back-pressure and Latency-Insensitive scheduling MK Chips-IT

”> Sometimes, the successor nodes could also be in trouble in receiving incoming data
> A memory or bus where we want to store output data from the sink
?> A node that cannot accept new inputs for 1 or more cycles after finishing its work
> More example will naturally come out when we apply architectural transformations: parallelism/replication, pipelining, and time-
multiplexing
? In these cases, we need a back-pressure mechanism so that successor nodes can stall incoming ones

> Avalid signal is not enough alone; we need a valid+ready or equivalent handshaking strategy.

valid — — valid
ready«——  Operator +~——ready
signa| = —signal

> We also need to make our operators patient: a patient operator can be stalled from either direction (from a predecessor with valid=0
or from a successor with ready=0) and must procrastinate its action appropriately to avoid incorrect conditions

> for example: if ready=0 do not issue the next output (even if internally available), and if necessary, back-propagate the ready=0
”> we propagate data when a handshake (i.e., an agreement between signals) happens

26



HWPE Engine as a latency-insensitive DFG

”> Suppose all types of operations

XL Chips-IT

are labelled with a delay (in this Yk
example, aninteger number of
cycles). ’

> Whendoweruneach /
node? ’ vh
’ -7
> Scheduling is the task of SOURCE - .-
determining start times subject VA
tO \ S o

. \ s~
* Precedence constraints 0, >

fromDFG .
* Delay of eachnode .

®* Constraints (resources, A
max. latency) ¥ 2

27



HWPE Engine as a latency-insensitive DFG XK Chips-IT

> Whatif anode’s delay is unknown or unbounded?

?> Not a theoretical problem: think of data coming from a memory shared (and contended)
with other actors - in this case the source and sink nodes have unbounded latency!

> Other nodes can be deterministic, but complex to assign a delay to: think of a complex
sequential circuit as an operator node instead of the “simple” arithmetic units considered
up to now

?> Adaptive or self-timed strategy: start each operation not at a pre-given cycle, but whenever
itsinputs are valid

? to do so, we couple each connection with a valid signal > high when the output of anode
canbe used by successors, low whenitis not yet computed or not available forany reason

? We can schedule the CDFG “as if” delay was known (e.g., 2 cycle *and 1cycle +,-)
? Each node must be stallable!

28



Example of adaptive scheduling

valid signals
A

;J CTrrrrrrrnrnr

Additional delays “fall through” the
CDFG without breaking its functionality

valid signals

A

DXL Chips-IT

(n
yk _ f ‘
[ e
thk __ f : /

A /[

C ,

. —

E

F /

G

H
!
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Buffering HWPE-Streams: FIFOs XL Chips-IT

> Implemented as a circular buffer:
- not moving data, but pointers
(less power!)

- requires “special FIFOs” to extract intermediate

elements
- less need for MUXes!

write ptr

read ptr

logic buffer[FIFO_LEN-1:0][31:0];
logic unsigned [$clog2(FIFO_LEN)-1:0] write_ptr, read_ptr;

always_ff @(clk_i) begin
if(read_handshake) begin
out <= buffer[read_ptr];
read_ptr <= read ptr + 1; // modulo FIFO length
end
if(write_handshake) begin
buffer[write_ptr] <= in;
write_ptr <= write_ptr + 1;
end
end

30



Converting HWPE-Streams to memory accesses XL Chips-IT

> Source-side streams

> Generated fromload
operations

Stream ENGINE

E—)

valid
ready

>

31



Converting HWPE-Streams to memory accesses XL Chips-IT

> Source-side streams
> Generated fromload

operations
Response data .. Source Stream ENGINE
______________________________ [ IRN
r_valid .. I , valid R
rready R ready

32
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Converting HWPE-Streams to memory accesses XL Chips-IT

Request address

E—

29
gnt

v

Response data

l

r_valid
rtready e

> Source-side streams

> Generated fromload
operations

Source Stream ENGINE

'\
I~
N
/
______________________________ 4
17
/

I
I
v
v
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Converting HWPE-Streams to memory accesses XL Chips-IT

Address gen. > Source-side streams
”> Generated fromload
operations
Request address
&
gnt
Response data .. Source Stream ENGINE
r_valid el valid .
rready o o o oo ready

34
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Converting HWPE-Streams to memory accesses XL Chips-IT

Request address

amme——— |

re
req

Address gen. ”> Source-side streams

gnt

Response data

l

r valid
i

rtready

FIFO

> Generated fromload
operations

Source Stream ENGINE

'\
I~
N
/
_____________________ 4
17
/

\ 4

35
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Converting HWPE-Streams to memory accesses >>\'/:<<Chips-lT

Addr. gen. 0 Source-side streams

> Generated fromload
operations

?> Can combine multiple
streamson1port!

Source Stream 0

Request A .
C—

> >
< - q O _’1— > | <
| N L N = ENGINE
> A L) E— 2 E —
Response >

Addr. gen.

36
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Converting HWPE-Streams to memory accesses XL Chips-IT

Address gen.

e

Request address

Request data

req ‘

< <
gnt

Sink-side streams
> Generate store operations

ENGINE

37




Converting HWPE-Streams to memory accesses >>\'/:<<Chips-lT

Addr. gen. 0
A
\ &

> Combine Source and Sink
streams on a single port

—<Request Req AEE %

‘_ 1 »

= >3 " OFH—— X > g
—— Nl 2 ENGINE

, T S ——

Response Resp Resp >

38
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Address Generators X< Chips-IT
/\

do len

‘IIIIllllllllllllllllllll»

Streamers work on patterns

dO stride: distance in bytes between two
consecutive elements in d0 dimension

dO len: number of consecutive elements in
dO0 dimension

d1 stride: distance in bytes between two
consecutive elements in d1 dimension

HWPE Address Generators support 3D
strided accesses (d0, d1, d2)

https://hwpe-doc.readthedocs.io/en/latest/modules.html#thwpe-
stream-addressgen-v3

39
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Address Generators >v)/g<c:hips-|T

Streamers work on patterns

. dO stride: distance in bytes between two
consecutive elements in d0 dimension
d0 len: number of consecutive elements in
d0 dimension

d1 stride: distance in bytes between two
consecutive elements in d1 dimension

HWPE Address Generators support 3D
strided accesses (d0, d1, d2)

https://hwpe-doc.readthedocs.io/en/latest/modules.htmlithwpe-stream-addressgen-v3
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The “cusp of perfomance” DXL Chips-IT

> The design point for an efficient accelerator should always be at the “cusp” between the memory and compute roofs: in this point, the
accelerator is optimally using the available memory bandwidth to provide performance! Cluster @ 500 MHz

> Performance: OK © Efficiency: OK ©
é 102
s X
9
4
3
[oX
<
(@]
=}
o
e
|—
E 101,
2
[0}
o)
=
E — L2-L1 BW
> — L3-L2 BW
© —=—_1lcore _|
()
a. ---- 8 cores
— NE
100 T . }
1071 100 10! 102 103
Operational Intensity [MAC/B]
Roofline plot

> We can not design a “better” accelerator from this point without also improving the memory system!
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Compute-bound HWPE DXL Chips-IT

? In compute bound conditions, the accelerator consumes and produces data at a higherrate than what can be furnished by
the memory system Cluster @ 500 MHz

> Performance: OK © , Efficiency: not always very good © -
3 10?1
s x
G
n )
3
Q.
ey
(@]
>3
o
) S U O 70 6 A
|_
E 101_
=}
k9]
s
=
E — L2-L1 BW
o — L3-L2 BW
© ——_ 1 core
()
o ---- 8 cores
— NE
100 T - !
1071 100 10! 102 103
Operational Intensity [MAC/B]
Roofline plot

> As we are not bound by memory, the accelerator is potentially underdimensioned: we can design a bigger one that will show better
efficiency!
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Memory-bound HWPE DXL Chips-IT

> Inmemory-bound conditions, the accelerator throughput is limited by the external memory bandwidth.
Cluster @ 500 MHz

7
s

— L2-L1 BW
— L3-L2 BW
—— 1lcore |
---- 8 cores
— NE

> Performance & Efficiency: bad ®

102 A

1 3

n

101_

Peak Architectural Throughput [GMAC/s]

10-1 100 10! 102 103

m n 1 ! 3 - n
1 1
Operational Intensity [MAC/B]

m ?
m - 1 h -
Roofline plot

-
> The accelerator is overdimensioned: we are not capable of exploiting its full performance due to lack of memory bandwidth.
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HWPE Control

Control Registers

X< Chips-IT

Control registers
used for standard
HWPE control
model, common to
all HWPEs

Memory-mapped, typically connected to Peripheral
Interconnect or Peripheral Demux.
Executes a queue of jobs (typically 2 entries).

Generic registers and Job-dependent registers used for
runtime parameters specific of a HW accelerator.

44



HWPE Control

Control Registers

\ . 4

Acquire
lock

\ 4

Write job
parameters

L 4 2

Trigger
instruction
processing

job ID = 0x03
A HWPE

RISC-V

X< Chips-IT
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HWPE Control

Control Registers

\ . 4

Acquire
lock

\ 4

Write job

parameters

Trigger
instruction
processing

HWPE
W

X< Chips-IT
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HWPE Control

Control Registers

Lo

Trigger
instruction
processing

4

Acquire
lock

\ 4

Write job
parameters

Trigger
processing

X< Chips-IT

47



HWPE Control

Control Registers

\ . 4

Acquire
lock

\ 4

Write job
parameters

L 4 2

Trigger
instruction
processing

Event
RISC-V

X< Chips-IT
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Fabric Controller Subsystem with HWPE

?> The Fabric Controller subsystem can contain also a HWPE

XL Chips-IT

hwpe_cfg (APB)

apb_int (APB)

interrupts, evt_fifo

FC Subsystem

APB hwpe[1]

to Periph hwpe[2]

AB FC Core

Interrupt Ctrl (RISC-V) fc_instr

hwpe[0] (TCDM) |
(TCDM) N
(TCDM) N
hwpe[3] (TCDM) >
fc_data (TCDM) R
(TCDM) >
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How to use a HWPE? Some pseudo-C code }< Chips-IT

int id = hwpe fir_async(coeff, arr, arr_len, coeff len); // returns immediately
// possibly do something else
hwpe fir wait(id); // block waiting for event

High-level view

50



How to use a HWPE? Some pseudo-C code X< Chips-IT

int id = hwpe_fir_async(coeff, arr, arr_len, coeff _len); // returns immediately
// possibly do something else
hwpe fir wait(id); // block waiting for event
High-level view
int hwpe_fir_async(intl6_t *coeff, intl6_t *arr, int arr_len, int coeff_len) {
int id = -1;
do {
id = hwpe_ fir_acquire();
} while (id < 0);
hwpe fir cfg write(REG_COEFF, coeff);
hwpe_fir cfg write(REG_ARR, arr);
hwpe fir cfg write(REG_LEN, (coeff_len << 16) | arr_len);
hwpe fir trigger();
}
void hwpe_fir_wait(int id) {
while(hwpe_fir_cfg read(STATUS) != @)
WFE(); // clock-gate core and wait for event

Low-level view
51



Siracusa: 16nm SoC for XR XL Chips-IT

l l

L2 Memory

2 MiB SRAM

- =
T -
r =
;; & s ‘: 22nm FDX 22nm FDX 22nm FDX 40nm 22nm 16nm FinFET
x ) ¥
¥ Peripherals s > 10mm? 10.24mm? 8.7mm? 25mm? 8.76mm? 16mm?
0=
i QE, m = 1728 KBSRAM 896 KB SRAM 1152 KBSRAM 768 KB 1428 KB 6400 KB SRAM
oy =¥= 4 MB MRAM (L3) _ 4VBMRAM(LL)
=
- [-Cache =4 32.2 GOPS 140 GOPS 90 GOPS N/A 146 GOPS 698 GOPS
i RE
= = 1.3 TOPS/W 2.07 TOPS/W 1.8 TOPS/W 0.94 TOPS/W 0.7 TOPS/W 2.68 TOPS/W
e .
= Cores 1.3 TOPS/W 4.1TOPS/W 12.4 TOPS/W 60.6 TOPS/W 0.7 TOPS/W 8.84 TOPS/W
= (2x2b) (2x2b) (1x1b) (2x8b)
¥ 600 TOPS/W
= (analog)
4 - 3.2GOPS/mm2  21.2GOPS/mm2  47.4 GOPS/mm2  N/A 58.3 GOPS/mm2|  65.2 GOPS/mm?
- 4 MiB MRAM =
z » U -
: sl i A 1 Weight Memory 2 SN EE Balance efficiency, peak performance, area efficienc
B §: [2] P. Houshmand et al., JS5C’23 Y, P p ’ y
2 =% [3]F Contietal, JsSC'23 without compromises in precision
T = [4] M. Chang et al., ISSCC’22
T S8 [5] Q. Zhang et al., VLS| Symposium’22 - .
T ) N-EUREKA 36-cores configuration

33 VL3 33 I I VS IR S8

[A. Prasad et al., “Siracusa: a 16nm Heterogeneous RISC-V SoC for Extended Reality with At-MRAM Neural Engine,”
IEEE Journal of Solid-State Circuits (accepted)]

N-EUREKA (36-cores + MRAM)

https://arxiv.org/abs/2312.14750 ; https://github.com/pulp-platform/neureka
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Siracusa compute principle

Cluster Interconnect (AXI)

L1 Branch Conflict

Arbiter

RAM (4 MiB )R 7%
MEME EMEME Weight
MEME EvEwmiy Mem

N-EUREKA
288b

L1 Interconnect (N-EUREKA routing branch)
N NN EN BN BN NN N e

BEEEOOG0

L1 Intercon nect (Logarlthmlc Xbar branch)

4x32b 1113

Periph interco Shallow branch

L1 TCDM
(256 KiB)

Hierarchical 1$

4KiB shared + 512B p

XL Chips-IT

Stationary Input Buffer

Dispatching network

- . -
end of job '

NxM Cores

1 Core = receptive field of 1x1 px in output
across 32 out-chans

* Output stationary, Input quasi-stationary

» Parametric number of Cores (NxM out-px)
+ 8b activations, 2-8b weights
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GREENWAVES

TECHNOLOGIES

Not only academia: GAP9 with NE16 ” .)):((Chips-lT
f

Best-in-class in latency and energy efficiency in MLPerf Tiny 1.0!

B Results
Task Visual Wake Words Image Classification Keyword Spotting Anomaly Deteciton
Visual Wake Words Google Speech
Data Dataset CIFAR-10 Ci ToyADMOS (ToyCar)
Model M: 1 (0.25x) ResNet-V1 DSCNN FC AutoEncode
Accuracy 80% (top 1) 85% (top 1) 90% (top 1) 0.85 (AUC) |
F (s)& |A (s) & Latency in |Energy in |Latency in |[Energy in |Latency in (Energy in |Latency in |Energy in ||
Submitter Board Name SoC Name  |Number Number Software Notes Units ms uJ ms uJ ms uJ ms uJ |
Greenwaves RISC-V Core GAP9 (370MHZ,
GAP9 EVK GAP9 (1+9) NE16 (1) GreenWaves GAPFlow 0.8Vcore) 1.13 58.4 0.62 404 0.48 26.7 0.18] 7.29
Greenwaves RISC-V Core GAP9 (240MHZ,
Technologies GAP9 EVK GAP9 (1+9 NE16 (1) GreenWaves GAPFlow 0.65Vcore) 1.73 40.8 0.95 27.7 0.73 18.6 0.27' 5.25
e
OctoML NRF5340DK nRF5340 M33 microTVM using CMSIS-NN 128MHz 232.0 * 316.1 76.1 6.27' |
STM32L4R5Z |Arm® Cortex®-
OctoML NUCLEO-L4R5ZI |IT6U M4 microTVM using CMSIS-NN 120MHz, 1.8Vbat 301.2 15531.4 389.5] 20236.3 99.8 5230.3 8.60 443.2|
STM32L4R5Z |Arm® Cortex®-
OctoML NUCLEO-L4R5ZI |IT6U M4 microTVM using native 120MHz, 1.8Vbat 336.5 7131.6 389.2 213423 144.0 7950.5 1.7 633.7!
Arm® Cortex®-
Plumerai B_U585_IOT02A [STM32U585 |M33 Plumerai Inference Engine 2022.09 160MHz 107.0 107.1 35.4 4.90 |
CY8CPROTO-062-(PSoC 62 Arm® Cortex®-
Plumerai 4343w MCU M4 Plumerai Inference Engine 2022.09 150MHz 192.5 193.1 61.4 6.70 |
Arm® Cortex®-
Plumerai DISCO-F746NG  |STM32F746 (M7 Plumerai Inference Engine 2022.09 216MHz 57.0 64.8 19.1 2.30 |
STM32L4R5Z |Arm® Cortex®-
Plumerai NUCLEO-L4R5ZI |IT6U M4 Plumerai Engine 2022.09 120MHz 208.6 173.2 71.7 5.60! |
Arm® Cortex®- TensorFlowLite for Microcontrollers, CMSIS-NN,
Silicon Labs xG24-DK2601B EFR32MG24 |M33 Silicon Labs MVP(1) |Silicon Labs Gecko SDK 111.6 113 120.9 1234.7 36.3 401.9 5.43 47.3|
NUCLEO-H7A3ZI- |STM32H7A3Z |Arm® Cortex®-
STMi i Q IT6Q M7 X-CUBE-AI v7.3.0 280MHz, 3.3Vbat 50.7 7978 54.3 8707.3 16.8 2721.8 1.82 266.5(|
STM32L4R5Z |Arm® Cortex®-
STMicroelectronics  |[NUCLEO-L4R5ZI |IT6U M4 X-CUBE-Al v7.3.0 120MHz, 1.8Vbat 230.5|  10066. 226.9| 10681.6 75.1 3371.7. 7.57, 323.0|
NUCLEO-U575ZI- [STM32U575Z |Arm® Cortex®-
STN Q IT6Q M33 X-CUBE-AI v7.3.0 160MHz, 1.8Vbat 1334 3364.5 139.7 3642.0 44.2 1138.5 4.84 119.1]1
Syntiant NDP9120-EVL NDP120 MO + HiFi Syntiant Core 2 (98MH{ Syntiant TDK Syntiant Core 2 (98MHz, 1 4.10 97.2| \ 5.12 139.4 1.48 43.8 |
Syntiant NDP9120-EVL NDP120 Syntiant Core 2 (30MHj Syntiant TDK Syntiant Core 2 (30MHz, 0

e - i Latency 1.73ms (against ~29ms on GAPS8)

NE16 (9-cores) Energy 41ul (against 1450u) on GAPS8)
https://github.com/pulp-platform/ne16 54
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Hands-on time again! XK Chips-IT

> Today and (partly) tomorrow we will dirty our hands with the guided design of a HWPE following up our
FIR example

1. Design the HWPE unitin SystemVerilog

> We provide you with a partial HWPE in its own standalone testbenches (one for the datapath
alone; anotherforlbex+ HWPE + dummy memory)

? You willimplement and test part of the accelerator’s datapath, streamer, and controller

2. Integrate the HWPE unitinto PULPissimo
? You willneed to learn how to modify the PULPissimo system to insert an HWPE

3. Adapt the FIR filter application and check the speedup

»> Again, we can compare with yesterday’s work and our baseline from Monday: how much faster
are we (if any)?
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