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Optical (Photonic) Domain

Optical isn’t the whole story!

Must balance optical domain benefits and conversion costs

and integrate into full systems with DRAM

Approach: Key Tradeoffs in & Modeling of Photonic DNN Accelerators
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Analog CiM Pipeline

Analog compute-in-memory (CiM) uses multiple domains too

→ Model photonics with CiM tools
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Spatial & temporal reuse → Reduce data movement energy

Intra-domain reuse → Reduce data converter energy

Results: Validation and Case Studies

Validated model of the Albireo photonic accelerator 

[Shiflett, ISCA 2021]

A
lb

ir
eo

 C
h

ip

G
lo

b
al

 B
u

ff
er DE AE/AE AE/AO Multiply*

AE/AO AO* AO

AE* AO/AEAE/DEDE

DRAM

DE/AE

Legend

Outputs

Weights

Inputs
X/Y: Converter from X→Y

DE (Digital+Electrical)

AE (Analog+Electrical) 

AO (Analog+Optical)
*Subject of explore 

architectures experiment

1

10

100

1000

10000

Laser MRR TIA ADC MZM DAC Cache

E
n
e
rg

y
 (

p
J
)

Modeled Ground Truth

0.01

0.1

1

10

100

AWG S. Coupler Laser MRR ADC DAC Cache P. Diode TIA MZM

A
re

a
 (

m
m

2
)

Modeled Ground Truth

Explore architectures
Conversion consumes high energy. 

Leverage intra-domain reuse to 

reduce energy by 30%.
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Evaluate full systems
DRAM consumes high energy.

Batch & keep operands on-chip 

to reduce energy by 70%.
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