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Beyond Optical Communication

Background: Advancement in nanophotonic devices
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Enables on-chip interconnects for broadband commutation
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Goal: Add functional unit to boost up on-chip communication

E.g. pattern recognition
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Approximate Parallel Multiplier with Nanophotonic Devices

 Optical implementation of approximate parallel multiplier

- For Machine Learning (ML), Approximate Computing (AC)

- 11% deterministic error at the worst case
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 Enables signal processing with ultra-low latency

- Example (32-bit parallel multiplier)

W/o approximation:   > 800 ps (<  1.25 GHz)

This work:          123 ps (   8.1 GHz)

6.5 × boost
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• Background
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• Approximate Parallel Multiplier
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• Conclusion
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Length > 100𝜇m 0: cross

n-InP

p-InP

Length ∼ 1.3 𝜇m
Electric signal

1: pass   0: block
Electric signal

0: pass   1: block

Photonic Crystal-Based Optical Pass-Gate (OPG) [2]
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< 1 ps < 1 ps

1: pass

Electric signal

< 1 ps

[2] T. Ishihara, et al., International SoC Design Conference, 2016



OptoElectoric Conversion Delay
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 Reducing O/Es on a critical path is a key to ultra-fast operation

OptoElectric
(O/E)

Serial connection Cascade connection

Light speed (∼ 𝟏 𝐩𝐬 /gate) O/E conversion (∼ 𝟐𝟓 𝐩𝐬)

𝜏OPG 𝜏OE

Optical signal

Electric signal



Issues in Conventional Optical Parallel Multiplier
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Issue:   #(O/Es) = (Bit width 𝒏)
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Partial Product5-bit array multiplier

 Large latency for large 𝑛

1𝜏OE = 25 ps 32𝜏OE = 800 ps 64𝜏OE = 1600 ps

40 GHz 1.25 GHz 625 MHz

Too slow!

[2] T. Ishihara, et al., International
SoC Design Conference, 2016
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Basic Idea of the Proposed Approximate Multiplier
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𝑋𝑛 × 𝑌𝑛 = 2log2 𝑋𝑛+log2 𝑌𝑛 𝑋𝑛, 𝑌𝑛 ∈ ℤ+

 Three O/E converters on a critical path for any bit width 𝒏
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Serial connections only! ⇒ Light speed signal processing

[2] T. Ishihara, et al., International SoC Design Conference, 2016



Concept of Approximate Logarithm [3]
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0 1 1 1

E.g. log2 7 approximation

3 2 1 0

1. Find max. digit that has 1
⇒ 102 (= Priority encoder)

2. Simply return the remainder
⇒ 112 (= Shifter)

Approximate log2 7 result:

10.1102 (Fixed point)

MSB LSB

 Approximate antilogarithm: Inverse function of the logarithm

2log2 𝑋𝑛+log2 𝑌𝑛

[3] J. N. Mitchell, IRE Transactions on Electronic Computers, 1962



Priority Encoder-Based Approximate Logarithm (𝑛 = 4)
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Barrel Shifter-Based Approximate Antilogarithm (𝑛 = 4)
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Performance Analysis
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Result
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 Latency = 3𝜏𝑂𝐸 + 𝑂 𝑛𝜏OPG

25 ps 1 ps
O/E

𝜏OE = 25 ps

𝜏OPG = 1 ps

𝜏OPG = 1 ps

 Error: Deterministic [3]

−11% (when 𝑋𝑛 = 3 ⋅ 2𝑖 and  𝑌𝑛 = 3 ⋅ 2𝑗)

0% (when 𝑋𝑛 = 2𝑖 or  𝑌𝑛 = 2𝑗 )

Critical path

𝑖, 𝑗 ∈ ℤ+

Serial connections only!

[2] T. Ishihara, et al., International SoC Design Conference, 2016

[3] J. N. Mitchell, IRE Transactions on Electronic Computers, 1962



Performance Comparison
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 More than 𝟔. 𝟓 × faster w/ deterministic errors

Application: Machine learning, approximate computing

Latency Error

Conventional
(array multiplier)

> 𝑛𝜏OE 0

Proposed 3𝜏𝑂𝐸 + 𝑂 𝑛𝜏OPG −11%, 0%

𝑛 = 32

Conventional: > 800 ps (< 1.25 GHz)

Proposed: 123 ps (   8.1 GHz)

6.5 × boost



Verification Using Optoelectronic Circuit Simulator (𝑛 = 4)
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Conclusion and Future Work
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 Approximate parallel multiplier using optical path-gates

- Ultra-fast: 8.1 GHz

- Deterministic error: From −11% to 0%

More than 6.5 × faster operation

• Future work

- Power & area evaluation

- Comparison with CMOS-based parallel multiplier

- Correct operation confirmed by optoelectronic circuit simulator


