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ON-DEVICE TRAINING
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TRAINING ON MCUs
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thttps://github.com/Fraunhofer-IMS/AIfES for_ Arduino

AIfES for Arduino




CONTRIBUTION

thttps://github.com/pulp-platform/pulp-trainlib




PULP-TrainLib
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THE PULP PLATFORM

512 kB - 2 MB 64 kB - 128 kB
PULP (Parallel SRAM (L2) SRAM (L1)
Ultra-Low-Power):
computational

platform for
energy-efficient
and scalable edge
computing, based
on RISC-V cores.

EMBODIMENTS: RISC-V MCU Cluster of 8 RISC-V Cores
So(C (MCU), GVSoC (Fabric Controller) RV32IMFC-Xpulp
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PULP-TRAINLIB

The First SW DNN (Deep Neural Network) training
library for multicore RISC-V MCUs

function train_conv2d(X, W, Y, label) {

Forward and

Loss pulp conv2d_fp32_fw _cl(X, W, Y);

Functions dY = loss(Y, label); Backward
pulp_conv2d_fp32_bw_input_grads_cl(dyY, W, dX); 4 Tr‘aining
pulp_conv2d_fp32_bw_param_grads_cl(dY, X, dW); Primiti

_ rimitives

Optimizers W = update(W, dW);

—

Floating Point FP32 SUPPORTED LAYERS: Fully-Connected,
DepthWise Separable Convolution, 2D Convolution

PERFORMANCE TUNABLE
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PULP-TRAINLIB’S PRIMITIVES
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function mm_unroll_2x1 (4, B, C, sizes) {
f:r l in Nf2:

j in m: 4ummm— Split on Nc0RES

for PJ.lb

function mm (A, B, C, sizes) { [ Cli, 3] += A[4i, II * B[k, J

for

iin M: SO Cli+l, A
for § in M: 1d rsal, Ailk

1d rsA2, AiZk
Aeld, d - AlL, k 2k, ] 1d rsB, Bkj
1d rsh, Aik fmac rdCl, rsAl, rsB
1d rsB, Bl fmac rdC2, rsA2, rsB
fmac rdC, rshA, rsB A [

Table 1: PULP-TrainLib’s Optimized MM Kernels

nm \‘n\( \]\l
min_uJ =l _' Wi Unroll J inner products in K
mm_unroll_1xV [ =2,4,8 N or ] Unroll U columns of €
mm_unroll_Ux] AE 50 0 N or ] Unroll V rows of
mm_unroll_UxV WV =2, N or ! Unroll U,V rows and columns of
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DEPLOYING A DNN TRAINING TASK

!
TENSOR SIZE MAY
EXCEED L1

ON MCU

TILE SIZES NOT
MULTIPLE OF

UNROLLING FACTORS
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PRE-DEPLOYMENT,
AUTOTUNER  [SSGERANSEES OFFLINE TOOL

For TileShape in Tilelist:
For MM in Table 1:

Optimal MM
mm_unroll 2x4

80.38 kB

AUTOTUNER
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Experimental Results



AUTOTUNER - UNDER THE HOOD

mm_unroll_2x2 : : 33415| |
mm_M_unroll_4x2 ] 2965F
mm_M_unroll_2x4 | 29231|
mm_unroll_4x4 | 29197|
mm_unroll_2x4 P 29135 _
Clock Cycles

BOTH REQUIRE
4 TILES!

mm_unroll_2x2 : : 33384| |
mm_M_unroll_4x2 I 2955?
mm_unroll_4x2 | 2952T
mm_M_unroll_2x4 | 29427|
mm_unroll_2x4 P 2917,0) § ) )
Clock Cycles
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COMPLETE TINYML MODELS’ TRAINING

ONLINE LEARNING

BATCH SIZE = 1 DS-CNN - 8 Core
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COMPARISON

AIfES: DNN on-device
training/inference

library for Arduino
(with ARM MCUs)

Our target:
ARM CORTEX M4
VS
GVSoC

WITH SOA - AIfES

Training a Deep Autoencoder
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PARALLELISM
AIfES core: PULP ISA + AutoTuner
ARM-CMSTS MM (2x wrt ARM) g o5y speedup
+ AutoTuner wrt 1 RISC-V
Core)
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Conclusion
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