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OptoPC A new Paradigm for AI: HDC
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OptoPC High-Dimensional Computing* as Another Approach
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OptoPC Hyper-Dimensional Computing (HDC)
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OptoPC Hyperdimensional Vectors – The Concept
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OptoPC Hyperdimensional Representation
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Neuroscienze 299: Computing with High-Dimensional Vectors - Autunno 2021 - Redwood Center for 
Theoretical Neuroscience (berkeley.edu)

https://redwood.berkeley.edu/courses/computing-with-high-dimensional-vectors/


OptoPC

❑ Ortogonalità

❑ Distanza

❑ Sparsità e densità

❑ Distribuzione spaziale

❑ Operazioni su vettori
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Distance (similarity) as a metric for HVi



OptoPC Computing with Patters (the HD Algebra)
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OptoPC
❑ La somma di HV vuol dire associazione o 

sovrapposizione 

❑ Genera un vettore simile ai suoi 
componenti

❑ Il risultato della somma viene normalizzato 

❑ La somma è commutativa HV1+HV2= 
HV2+HV1
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Somma di HV

Forma= HV1+HV2+HV3+HV4 Colore= HV5+HV6+HV7+HV8

Il vettore Forma è simile ai vettori 
HV1, HV2, HV3, HV4

Il vettore Colore è simile ai vettori
HV5, HV6, HV7, HV8

I vettori Forma e Colore sono dissimili (quasi ortogonali)

HV5 HV7HV6 HV8HV1 HV2 HV3 HV4  



OptoPC
❑ La moltiplicazione vuol dire legame o 

associazione Chiave-Valore 

❑ Genera un vettore dissimile dai suoi 
componenti (quasi ortogonali)

❑ Nei vettori binari (0-1) viene eseguita da 
uno XOR

❑ È commutativa rispetto alla somma 
A*(B+C) =A*B +A*C
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Moltiplicazione di HV

Forma= HV1+HV2+HV3+HV4 Colore= HV5+HV6+HV7+HV8

TR= HV2 *HV5    triangolo rosso                     CV= HV1* HV8    cerchio verde

HV5 HV7HV6 HV8HV1 HV2 HV3 HV4  



OptoPC

2024-06-24 Privileged and Confidential Information 11

Permutazione: sequenze spaziali e temporali



OptoPC

❑ Multiply: XOR

❑ ADD: Adder

❑ Permute: Shift
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MAP: Multiply, ADD, Permute come operatori



OptoPC
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Codifica: coppie e insiemi di dati



OptoPC
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Codifica record di dati

=X

=Y

=Z

=A

=B

=C

D= + +



OptoPC

Psmith = name * Pat + sex * Male + age * 68
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Moltiplicazione: legame Chiave-Valore

Dal vettore Psmith si può estrarre qualsiasi valore 
moltiplicandolo per il vettore name si ottiene
 Pat + rumore, e può essere recuperato confrontando
Il risultato della moltiplicazione con la memoria
degli elementi e cercando il vicino più prossimo



OptoPC Example: Text Processing 
(language recognition, text classification)
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OptoPC Computing a Profile Using HD Arithmetic
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OptoPC Example: Identifying Languages
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OptoPC
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From Classification to Reasoning



OptoPC
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Riconoscere il linguaggio



OptoPC

2024-06-24 Privileged and Confidential Information 21

3 operazioni: Mappatura, Codifica, Ricerca



OptoPC

❑ Vettore iniziale casuale, inversione ciclica, random, circolare 
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Mappatura: ipervettori di livello



OptoPC
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Mappatura: Legame di HV di livello e HV simbolici

⊕

Mapping and Spatial encoder

ρ

N -gram[t ]

ρ (R[t -1 ])

ρ ρ

ρN -1 (R[t -N +1])R[t]

Temporal encoder

…

…

Signal

Train / Test

Label

S
v

[ t ]

‘Channel
1

’

⊗

C
1

Quantization: 

q 21 levels=

CIM

IM

S
v

[ ]t

‘Channel
2

’

⊗

C
2

Quantization: 

q = 21 levels

CIM

IM

Signal

⊗
Associative 

Memory 

AM( )



OptoPC
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Mappatura: immagini-HV di livello e di posizione



OptoPC
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Mappatura: immagini-HV di livello e di posizione



OptoPC
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DNN vs HDC



OptoPC
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Building a Generic HD Processor



OptoPC
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HDC maps well into 3D nanostructures



OptoPC
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Device Opportunity: Ferroelectric AM



OptoPC
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Optical-Phase Change Materials



OptoPC
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HDC needs Parallelism: OptoPC can do it



OptoPC LCDs Parallelism

❑ LCDs can manipulate millions 

rays in parallel and each ray 

can have 2, 3, 4… 32 symbols
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Binary

0

1

0

1

Quaternary

11

10

01

00



OptoPC Data Processing Logic
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Binary

0
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0

1

1

-1

0

Ternary Quaternary Dual rail
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0

1

N-ary

How Data is Encoded for Each Pixel



OptoPC Adding a Second LCD Means Manipulate Data Out
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Pf LCD1 Pf LCD2 out

V 0 V 0 V

V 0 V 1 H

V 1 V 0 Black

V 1 V 1 Black

1

-1

0

Ternary

N-ary

000

010

100

110

001

011

101

111



OptoPC With Two LCDs We Can Make Logic Gates

2024-06-24 Privileged and Confidential Information 35

Pf LCD1 Pf LCD2 out

V 0 V 0 0

V 0 V 1 0

V 1 V 0 0

V 1 V 1 1

LCD=0 active     V->H    H->V
LCD=1 inactive  V->V   H->H

AND gate 
Incoming V pol light
is detected (1) only if the 2 LCDs
are in 1 state (inactive)

XOR gate
Incoming V pol light 
is detected (1) only if both LCDs 
are in the same state

Pf LCD1 Pf LCD2 out

V 0 V 0 1

V 0 V 1 0

V 1 V 0 0

V 1 V 1 1



OptoPC Input Table for Horizontally Polarized Light
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PSLM
A

B

C



OptoPC

❑ Negabinary number system

❑ Redundant number system (RNS)

❑ Modified Signed Digit (MSD)

❑ Modular Arithmetic

❑ Residue Number System

❑ Ternary Number System

❑ Hyperdimensional Vector (HDC/VSA)
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Some Number Systems Applied in Optical Computing



OptoPC Data Processing: OptoPC Data Flow
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OptoPC Simulation Overview
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OptoPC Feasibility Study: Testing and Prototyping (1)
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OptoPC Feasibility Study: Testing and Prototyping (2)

2024-06-24 41Privileged and Confidential Information



OptoPC A Silicon Sensor for Each Cell
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OptoPC

The first steps

The Concept
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OptoPC Device Simulation (1)

UNIVERSITY of Pavia

Ray Optics Simulations

Using COMSOL

I. Cristiani,

A. E. Kaplan, 

C. Lacava, 

P. Minzioni
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OptoPC Device Simulation (2)

❑ Simulated Structure (not to scale)

❑ Main characteristics of the 

simulations

✓ Commercial software: COMSOL

✓ Ray-tracing method

❑ Studied parameters

✓ Emission angle of the source

✓ Refractive index of material (prisms)

✓ Position of the prisms
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Linear Polarizer

Linear Polarizer

Pol. Control

Right Angle Prism

material: BK7, n=1.5

200 um

50 um

150 um

320 um



OptoPC Photonic Processor: Element Matrix
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single element element matrix



OptoPC The Patent
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OptoPC Photonic Processor: Hardware Solutions (1)
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OptoPC Photonic Processor: Hardware Solutions (2)
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OptoPC OptoPC+HDC: OpticalHD a New Concept   

2024-06-24 Privileged and Confidential Information 50

OPTOHDC
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OptoPC
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