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« avoiding host-to-chip communication
« minimizing scheduling overhead
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Tiling Space:
« on-chip reordering mechanism for Conv2D on SpiNNaker2: Swmatsu = T(M) x T(P) x W
« avoiding DRAM transfers of intermediate activations
‘Drevious Conv2D layer WORKER PEs ¥ next ConvaD ayer WORKER PEs
cgpy' / ) |>EP4E5
% ‘‘‘‘‘‘‘ / PEZEP'EZ |
: /I e |/
aﬁ?\ll-lENnglc':l'uE %:Tt]oLpaunSgcehreduler: On-Chip DNN Scheduling on the SpiNNaker2 Neuromorphic MPSoC e DRESDEN

DRESDEN 27.03.2025 @ NICE'25 (Heidelberg) concept [



SpiNNaker2 Hardware Architecture
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How can we execute DNN layers on SpiNNaker2?



FSM Scheduling on SpiNNaker2

Tiling FSM Control & Data Flow
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How do we distribute the computation?



Automated Tiling
How to tile a matrix multiplication?

Dimensional Dividers:
T(M):={m: (m|M) A (mmod4 =0)} <N
T(P):={p: (p|P) A (pmod16 =0)} c N
W:={w: (w|(M-P)) n (w <#(PE)avair)} € N

Option 1: ™

Tiling Space:
SMatMul = T(M) X T(P) x W

“«— K—
O ptl on 2 . I\T/I X Priority Type Parameter Condition / Sorting
0 hard #(PE)Part) eN
0 hard #(PE) %g;)KER < #(PE)avail
0 hard size(SRAM) (P E) < size(SRAM) "E)
«— K — «— P — «— P — 0 hard # (parts) eN
T E P 1 soft # (parts) min
t
Option 3:  wbumms X : o A
l ‘l‘ Hard and soft constraints for finding an optimal
: hardware-aware partitioning for matrix multiplications.
°
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Matrix Multiplication: Large Impact of Data Transfers!

mat-mat-mul

Linear 1
(int8)

Linear 2
(int8)

Linear 3
(int8)

BMM 1
(int8)

vec-mat-mul

Linear 1
(int8)

Linear 2
(int8)

Linear 3
(int8)

BMM 1
(int8)
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Could we avoid DRAM transfers by handling
intermediate activations on-chip?




Convolutional Layers
Tiling

Weight Tensor
(*) (*) (*) )
Input Tensor Cou Cout Cout i"“r
cin r 'V 0 1“!—. -'\f'.
- Hin Cin o ,
T#u [ s l] T#1 D'."‘ "l ¢ ."
T#2 ! ] T# * HF . ..._.' . e .'.. * .. PRI
uzp 5 W ‘
T#6 | T#7
e — Task #0..7 . Task#8..15 . Task#16..23 - Task #24...31
\ J
Cout - number of weight kernels
TECHNISCHE OctopuScheduler: On-Chip DNN Scheduling on the SpiNNaker2 Neuromorphic MPSoC
@ UNIVERSITAT Tim Langer Folie 10
DRESDEN 27.03.2025 @ NICE'25 (Heidelberg)

Output Tensor

Coury” THE /S TH9

S THD S T#

out H E
T#O | T#1 o
H [1#2 |43 | & :
t H
O tea | Tas | :
| T#6 | T#7
wﬂl.lt

concept

DRESDEN ﬁ
L



Convolutional Layers
Tiling & Transfer of Intermediate Activations

Weight Tensor
ct) c c® cl Output Tensor
I"put Tensor lﬂlit lnuf 10!:( 1rm c
[ f Y Y \Va \ out ¢l /4241925
in W AT
T#ﬂ[_Liij}‘mﬁ e “ 48/ 149
G o K — ---: .................. S . :
T#2 | I T#: * He oo as e e v e v — e THO /S T# I
T#d[ 9 W, T#O | T#1
F o -~ -
e W " Task #0..7 .~ Task#8.15 . Task#16..23 .  Task #24..31 Hout ::i :z
\ ; T#6 | T#7
T WUUI
Cout - number of weight kernels
REORDER PE input tiles: fetched from REORDER PE output tiles: fetched by
previous Conv2D layer WORKER PEs next Conv2D layer WORKER PEs
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intermediate activations: reordering in on-chip SRAM - no DRAM transfers!
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SCHEDULER
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intermediate activations: reordering in on-chip SRAM - no DRAM transfers!
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Conv2D: Much Less Impact of Data Transfers!

Matrix Multiplication Conv2D

mat-mat-mul

Linear 1
(int8)

Linear 2
(int8)

Linear 3
(int8)

BMM 1

(int8)

Conv 1
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Conv 2
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OctopuScheduler
Summary

What have we developed?

- framework for execution of single DNN layers on SpiNNaker2

« on-chip scheduling for SpiNNaker2

« hardware-aware strategy for automated tiling design space exploration for SpiNNaker2

« on-chip reordering mechanism for Conv2D on SpiNNaker2

Work in progress: What has not been covered:

« multi-layer scheduling - different other layer types (Softmax, Add, LayerNorm)

« application to CNN & transformer architectures « tiling optimization for matrix multiplications

« optimizations « detailed principle of Conv2D on-chip reordering &
T padding

« pipelining

=» You can find it in our paper!
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