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Diverse Node Configurations for Diverse Workload Resource Requirements
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* 8 links to HBM ﬂ 15 links: NVRAM
(weights) ﬁig (capacity)

« 8 links: to NVRAM « 4 links: CPU

* 1links: to CPU (branchy code)
control L
Graph Analytics
* 16 links HBM
« 8links TOR
« 1Link CPU




Diverse Capacity Requirements Drive Need for Memory Disaggregation

Memory pressure at NERSC, 2018 About 15% of NERSC workload

== Edison 2014 == Edison == Cori-Haswell Cori-KNL uses more than 75% of the
100 , available memory per node.

And ~25% uses more than 50%
of available memory.
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50 But 75% of Haswell job hours

(60% of KNL) use < 25% memory

25

Cumulative fraction of node hours (%)

0 25 50 75 100

Fraction of Node Memory Used (%) Overestimate: maxrss X ranks_per_node
Assumes memory balance across MPI ranks.

&?ML Brian Austin: NERSC Workload Analysis



Disaggregated Node/Rack Architecture

Disaqgqgregated rack

Current server
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Co-Packaged Optlcs Chiplets Impedance Matching to Packaglng Technolog?:
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Silicon interposer R —

Package substrate

In-package inteqgration

Solder Microbumps
& Copper Pillars@~10Gbps

Wide and Slow!
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Total: 2.2 pJ/bit

DWDM Using Silicon Photonics

Ring Resonators @ ~10-25 Gb/sec per chan
Many channels to get bandwidth density

Wide and Slow!
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Comb Laser Sources

Single laser to efficiently
generate 100s of frequencies

Wide and Slow!



Photomc MCM (Co-Packaged Optics)
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Comb Laser Source with
DWDM Silicon Photonics
Wide-and Slow for high speed links
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Photonic MCM (Co-Packaged Optics)

Fiber carrying 0.5 - 1 Th/s

4 Fiber coupler
pitch: 10s of u

High-Density fiber coupling array
with 24 fibers = 6-12 Tb/s bi-
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1024 data links f HBM stack @ 500MHz

Silicon interposer

Package substrate
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Inference Data Mining Graph Analytics
* 16 links to TOR *  6-links: HBM * 16 links HBM
(streaming data) * 15 links: NVRAM (capacity) + 8links TOR
* 8links HBM (weights) * 4links: CPU (branchy code 1 Link CPU

+ 1link: CPU
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Solution : Leverage Photonics Chiplets to scale Al fabric

Maximize bandwidth out of GPU by converting
electrical signals to optical signals in the same Photonic I/O
package (co-packaged optics) Xscape |/O™
Multi-wavelength laser

Y

Electrical-to-optical
data conversion
/

S

Connect optically to a pool of
High capacity memory

Memory Pool
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Different WDM requirements for different Al workloads

Al TRAINING Al INFERENCE EDGE Al/5G/6G

INFERENCE
Applying this capability

Source: Nvidia Source: Nvidia

BW 0.4 - 0.8 Tbps > 8 Tbps 01-0.4 Tbps

Latency Us - ms 10 - 100 ns ~ms

Up to 3 km <100 m Up to 40 km

Reach
[

= B30}, 4 - 8), Tunable
WDM 20-nm Grid 11-nm Grid 4.5-nm Grid
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CombX Technology

Actual CombX Module

4 hY

Programmable number of
wavelengths and spacing

Al TRAINING EDGE Al/5G/6G Al INFERENCE

power (dBm)
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20-nm CWDM4 Grid 4.5-nm LR4 Grid 1-nm CW-WDM Grid
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Thank You

i, SEAPE PHOTANICS

Questions?

Contact us : sales@xscapephotonics.com
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