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& untun Multi-Chiplet Platforms

= Large chips = Solution: Chiplet + interposer [1]
= Low vyield = Several small dies in the same package
= High integration effort " Increase yield

= Integration of heterogeneous components

[1] G. Loh et al., DATE, 2021
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& i Chiplet Challenges

[ Connectivity
* Limited number of chiplet microbumps - —

_ Power delivery

* Integration of heterogeneous SoCs - Inter-chiplet communication

On-substrate inter-chiplet connection Power supply microbumps
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Incompatible interface between chiplets




. AH1 IS EIVingRtihelChipletiinterconnect Problem

= Short distance wireless communication [2]
= Up to 120 Gbps demonstrated

= Addresses chiplet challenges

Connectivity handled by
wireless transceivers All microbumps for

...................... Y )))))))) Y Ypower delivery
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We need to assess wireless interconnects

[2] K. Tokgoz et al., ISSCC, 2018
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& i Contributions

: Application
* Provide full system framework 1

supporting in-package wireless ( E

= Explore system-level performance of /~ Eull System Simulation I
Inter-chipet wireless connectivity

vz
= Compare wireless and
wired chiplet interconnects //5

= Executing complex applications
Performance III
;:) metrics 0




& i WilielessRinSEUlIFSystem Simulation

» Assess impact of wireless interconnects on the system

N
Full System Simulation gems-X Sé
= Hardware and software Applications
* gem5-X [3] OS

= Extensible with new architectures

Hardware

~
: On-Chip
£CPU ] [ Memory ][ Devices ] { Wireless ]

= Model of on-chip wireless links

[3] Y. Qureshi et al., TACO, 2021
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& i BxplloEtcnfoWilieless Configurations

= Configuration of the transceivers
= Channel bandwidth

= Communication latency
* Medium Access Control (MAC)

= System integration
= Which components
are connected by wireless links

One transceiver per cluster One transceiver per CPU
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& untun Medellling Methodology

_ . . . |
Model wireless chiplet interconnect gem5-X wireless crossbar

» Start from gem5 interconnect model £ imertaceto s componen 0
V4 AV4
" Gem5 cross bar Transceiver model ce o Transceiver model
MAC model MAC model
Interface to a component ..
""" Wireless channel model
L Transceiver model coeo Transceiver model
MAC model MAC model
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channel <«— Nanoantenna

wireless
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& i wWireless @@m

1. Transmission request 3. Apply delays
2. MAC protocol 4. Transmission successful
Mei’ﬂlge Interface to a component .. 1
Transceiver model oo o Transceiver model
MAC model MAC model
Wireless channel @
Transceiver model oo o Transceiver model
MAC model MAC model




& i Medellingf MAC Protocols

Random Access Controlled Access
<(¢ latency, | throughput) (1 latency, 1 throughput)>
Exponential backoff Token passing
.COIIiSilon . .Sgccelss ) Update token
I window lengt L wincow fengt after transmission
{J Y L\ NO N1
] 'Y
CPUO ﬁ
P Yy
CPU1 — N3 N2
Update token
CPU2 LI — after silent cycle

Code available at https://github.com/gem5-X/On-Chip-Wireless Sé
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. AR e atinghliielessiinterconnects in gem5-X

Core Core

= Simple integration

» Unmodified OS and applications L1 f L1

= Emulation of interconnect options g\w 0/ 2 | Cluster || Cluster

1. Connection between L1s and L2 B o
)
2. Memory bus : 4
0 ¥
3. Connection between clusters : Cluster || Cluster
Memory

I e



& i

16 cores organized in 4 clusters

ey

3R

Memory
controller

Expllered Architectures

16 cores organized in 16 clusters
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Processors 16x Out-of-Order ARMv8 cores @ 2 GHz
L1-I Caches 16x private, 32 kB, 2-way, 2 cycle access
L1-D Caches 16x private, 32 kB, 2-way, 2 cycle access

4 clusters | 4x shared, 1 MB, 2-way, 20 cycle access
L2 Caches _

16 clusters | 16x private, 256 kB, 2-way, 20 cycle access
Memory DDR4 2400 MHz, 4 GB

Ubuntu LTS 16.04




& i Explored Workloads

Conv.1 Conv.2 Conv.3

= Communication-intensive benchmarks P
= Assess interconnect under heavy traffic
CPU1
= STREAM [4], SPLASH-2 [5]
CPU2
= Neural Networks [6, 7, 8] / —
" BUI‘Sty '[I‘affiC i |ntra_|ayer
: CPUO = &: Conv. 1
= Mapping —
Inter-layer » CPUL S 2
Conv. 3
413 ecapin Teon 1035 (515 et o ar A 21 o
[5] =D E! aI ISCA L [8] M. Sandler et al., ArX|v 2018 tlme




& i 4 Clusters Results

Ocean CP Baseline: ideal interconnect
1 L] = Transfers take one cycle

~\Nired chiplet interconnect
» State-of-the-art, UCle compliant
= 112 Gbps, 100 clk latency [9, 10]

ideal interconnect

- \Wireless with exponential backoff

—— Wireless with token passing

Average latency Speedup over
S
3

| |
— N O
o o o o g 0
. ° ©° S Token passing keeps latency low across bandwidths
Wireless channel

bandwidth (Gbps)
[9] S. Naffziger et al., ISCA, 2021 [10] Synopsis, “Die-to-Die IP Solutions”, 2022




& i Aaclusterstiintensive Benchmarks

Wireless w/ exponential backoff =——#  Wired chiplet interconnect
Wireless w/ token passing =
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Ocean CP Raytrace Stream Radiosity

Wireless channel bandwidth (Gbps)

Token passing outperforms wired interconnects for most workloads at 100 Gbps




& untun AAClustersi Neural Networks

Wireless w/ exponential backoff == Wired chiplet interconnect

Wireless w/ token passing =+
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Wireless channel bandwidth (Gbps)

Token passing is better than wired from 10 Gbps

Token passing is better
Many simultaneous transmissions
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iIGAElusters: Neural Networks

Wireless w/ exponential backoff = Wired chiplet interconnect
Wireless w/ token passing —v— -

L9 '
3 § T N == a
3 S o8t — —\- ‘ - \1 \1
T
3 ) . o§
S 2 :
I Q& o4 _—/ - = R
O © u _ L o=
Intra-layer o @ °° : Inter-layer
o '-9 0 | | | | : | \ O
mapping g 3z N 2 g 3 B 2sg 32 B a mapping
o o o o o o : o o o

Wireless in many-node networks can support bursty workloads

More nodes - difficulties with high traffic loads
Still enough for lower bandwidth requirements




& i Conclusions

» System-level model of in-package wireless communication

= Code available now!

* Wireless competitive with wired chiplet interconnects

= Token passing works well at demonstrated bandwidths
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https://github.com/gem5-X/On-Chip-Wireless
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& i gem5-X

= Avalilable for download at ESL repository S

= hitps://github.com/gem5-X x

= Documentation and manual

= https://www.epfl.ch/labs/esl/research/2d-3d-system-on-chip/gem5-x/
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https://github.com/gem5-X
https://www.epfl.ch/labs/esl/research/2d-3d-system-on-chip/gem5-x/

& untun @nEChiprWireless in gem5-X

= Avalilable for download at ESL repository S x

= https://github.com/gem5-X/On-Chip-Wireless

= Documentation and manual

= hitps://www.epfl.ch/labs/esl/research/2d-3d-system-c

[=]
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https://github.com/gem5-X/On-Chip-Wireless
https://www.epfl.ch/labs/esl/research/2d-3d-system-on-chip/gem5-x/

& i 43Cllusters vs. 16 Clusters

Wireless w/ exponential backoff == Wired chiplet interconnect

Wireless w/ token passin
4 Clusters | 5 . °n passing :
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& i Aaclusterstiintensive Benchmarks

Wireless w/ exponential backoff =——#  Wired chiplet interconnect
Wireless w/ token passing =

1 | T T

ideal interconnect

Average latency Speedup over

) 300 - s - - n - n n
q—
o 200 - - = .
S~
=
N’
0 | | | | | | | |
8] —t N 8] 6] - N (63} (6)] —_ N (&) 8] - )] 18]
o o o o o o o o o o o o o o o o
o o o o o o o o o o o o
Ocean CP Raytrace Stream Radiosity

Wireless channel bandwidth (Gbps)
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& i 4 Clusters: CNNs

Wireless w/ exponential backoff == Wired chiplet interconnect
Wireless w/ token passing
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& i i Clusters: CNNs

Wireless w/ exponential backoff = Wired chiplet interconnect
Wireless w/ token passing

Speedup over
ideal interconnect
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