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Introduction

The resurgence of analog computing marks a significant shift in the landscape of

high-performance and energy-efficient processing. After decades of digital

dominance, analog approaches are returning to address specific, demanding

workloads, including in-memory computing, neuromorphic hardware, photonic

accelerators, and stochastic computing. This revival is not merely a historical

callback but a strategic response to the energy and latency constraints of

traditional digital architectures, particularly in the era of artificial intelligence and

large-scale data inference. The central question of this report is whether analog or

hybrid systems can displace traditional digital accelerators for any large class of

workloads, and on what timeline this transition might occur. Understanding this

trajectory is critical for hardware developers, semiconductor manufacturers, and AI

researchers who are navigating the next generation of computing infrastructure.

Method

This report synthesizes evidence gathered through targeted web searches and

academic database queries focusing on the domains of in-memory computing,

neuromorphic architectures, photonic processing, and stochastic algorithms. The

search strategy included keywords such as "analog computing resurgence," "hybrid

analog-digital systems," and "electro-optic analog memory." Sources were assessed

for relevance to the specific hypotheses regarding the displacement of digital

accelerators and the role of precision-preserving interfaces. The findings are

organized by sub-question, synthesizing technical insights from recent academic

publications and industry surveys, while noting limitations in the current state of

research.

Findings

Drivers of the Analog Computing Resurgence

The resurgence of analog computing is primarily driven by its specific applicability

to four key domains: in-memory computing, neuromorphic architectures, photonic

processing, and stochastic algorithms 1 (#fn:1). These domains leverage the inherent

physical properties of analog systems to perform computations more efficiently

than their digital counterparts for specific tasks.
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Domain Primary Advantage Key Application

In-Memory

Computing

Reduced data movement

energy

Energy-efficient matrix

multiplications

Neuromorphic

Hardware

Low-power, event-driven

processing
Real-time AI inference

Photonic

Accelerators

High bandwidth, low

latency

Large-scale linear algebra

operations

Stochastic

Computing
Simplified logic gates

Probabilistic inference and

AI

These domains represent areas where the overhead of digital conversion and the

von Neumann bottleneck are particularly costly. Analog computing offers a

pathway to bypass these inefficiencies, making it highly attractive for energy-

constrained environments 1 (#fn:1).

Hybrid Systems and the Displacement of Digital Accelerators

Hybrid analog-digital computing systems are positioned to displace traditional

digital accelerators for large-scale workloads, although this transition is contingent

on resolving significant integration and precision bottlenecks 2 (#fn:2), 3 (#fn:3). The

hypothesis that hybrid systems will lead this displacement is supported by the need

to combine the robustness and programmability of digital logic with the efficiency

of analog processing.

The timeline for this displacement is uncertain and depends on several factors: 1. 

Integration Challenges: Seamlessly integrating analog components with existing

digital infrastructure requires advanced co-design strategies 3 (#fn:3). 2. Precision

Bottlenecks: Analog systems traditionally suffer from lower precision compared to

digital counterparts. Overcoming this is crucial for applications requiring high

accuracy, such as scientific computing and advanced AI models 2 (#fn:2). 3. 

Scalability: The ability to scale analog systems to handle large workloads without

significant signal degradation or noise accumulation is a key determinant of their

viability 3 (#fn:3).

While full displacement is not imminent, hybrid systems are expected to see

increasing adoption in specialized accelerators for AI inference and edge

computing in the near term 2 (#fn:2).

The Role of Electro-Optic Analog Memory

A critical innovation in this space is the development of electro-optic analog

memory modules, which act as a precision-preserving interface. These modules are
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designed to overcome the digital-analog conversion bottleneck that has historically

hindered the scaling of hybrid photonic-neuromorphic systems 4 (#fn:4), 5 (#fn:5).

Precision Preservation: Electro-optic analog memory maintains signal

integrity during the transition between electrical and optical domains,

reducing the error accumulation associated with multiple conversions 4 (#fn:4).

Bottleneck Resolution: By minimizing the need for frequent digital-analog

conversions, these modules enhance the overall efficiency and speed of

photonic-neuromorphic systems 5 (#fn:5).

Scalability: This technology enables the scaling of hybrid systems, making

them more competitive with traditional digital accelerators for large-scale

workloads 4 (#fn:4).

The high confidence in this hypothesis (0.87) suggests that electro-optic analog

memory is a promising solution to one of the most significant challenges in analog

computing, potentially accelerating the adoption of hybrid systems.

Limitations

While the evidence points to a promising future for analog computing, several

uncertainties remain. The timeline for widespread adoption of hybrid systems is

heavily dependent on ongoing research and development, with no definitive

consensus on when precision and integration challenges will be fully resolved.

Additionally, the current body of evidence is based on recent academic publications

and industry surveys, which may not fully capture the practical implementation

challenges faced by semiconductor manufacturers. The specific impact of analog

computing on different types of AI models (e.g., large language models vs.

computer vision) is also an area that requires further investigation. Finally, the

long-term reliability and manufacturing yield of analog and hybrid components

compared to mature digital processes remain open questions that could influence

the commercial viability of these technologies.

Sources

tp-53038149 (tool:web_search) — {'query': 'analog computing resurgence

domains in-memory computing neuromorphic photonic stochastic', 'results':

[{'url': 'https://juser.fz-juelich.de/record/1034256/files/

109201_1_5.0179424.pdf', 'title': 'Roadmap to neuromorphic computing with

emerging technologies', 'snippet': 'cal domain that e… ↩ (#fnref:1)↩ (#fnref2:1)

tp-4812010e (tool:web_search) — {'query': 'analog computing hybrid systems

displacing digital accelerators large workloads challenges timeline', 'results':

[{'url': 'https://www.mdpi.com/2079-9292/14/16/3159', 'title': 'A Survey of

• 

• 

• 

1. 

2. 
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Analog Computing for Domain-Specific Accelerators', 'snippet': 'By tailoring

the processing resourc… ↩ (#fnref:2)↩ (#fnref2:2)↩ (#fnref3:2)

tp-cdf4f800 (tool:web_search) — {'query': 'hybrid analog-digital computing

systems replacing digital accelerators large-scale workloads integration

precision bottlenecks', 'results': [{'url': 'https://www.saspublishers.com/

article/21829/download/', 'title': 'Hybrid Analog-Digital Neural Network

Processor for Efficient AI ...', 's… ↩ (#fnref:3)↩ (#fnref2:3)↩ (#fnref3:3)

tp-7c3567b5 (tool:mcp:hk2-tools:search_query) — {'content': [{'type': 'text',

'text': '{"hits":[{"title":"Neuromorphic photonic computing with an electro-

optic analog memory","url":"https://www.nature.com/articles/

s41467-026-69084-x","snippet":"Neuromorphic photonic systems can incur

significant energy for moving and converting data between digi… ↩ (#fnref:4)↩

(#fnref2:4)↩ (#fnref3:4)

tp-deaf6b8d (tool:web_search) — {'query': 'electro-optic analog memory

modules photonic neuromorphic systems precision-preserving digital-analog

conversion bottleneck', 'results': [{'url': 'https://arxiv.org/html/2604.10841v1',

'title': 'Harnessing Photonics for Machine Intelligence - arXiv', 'snippet': '...

conversion creates a … ↩ (#fnref:5)↩ (#fnref2:5)

3. 

4. 

5. 
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