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|. Digital Memristive Stateful Logic

Digital In-Memory Computing (IMC)
mitigates the von Neumann bottle-
neck by performing computation di-
rectly within memory arrays, reducing
costly data movement between pro-
cessor and memory: (a) memristive
devices store information through re-
versible switching between high- and
low-resistance states, (b) Boolean op-
erations are executed directly on these
stored states using stateful logic, and (c)
crossbar arrays enable highly parallel in-
memory computation by operating on HRS -~ LRS
many devices simultaneously.
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In memristive digital stateful logic, Instruction Set Architecture]
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lll. Cross-Layer Dependencies

Conventional CMOS design re- Top-down: Design Objectives

lies on stable abstraction lay- _ _ i _
: : {ndurance, Retention Device reliability, Throughput scaling, Latency targets,

ers and well-defined interfaces, Optimal materials, Control margins, Parallel execution, QoS targets,
allowing each layer to be de- CMOS integration, Low stochasticity Pipeline efficiency Energy budget

veloped largely independently
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These dependencies highlight
the need for emerging cross-
layer EDA tools that support
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: : Characteristics . SL Operation | Microarchitec.. Programmability
exploration, evaluation, and ( j
automation across the com- : : - .
: - Filament instability, |-V characteristics, = Sequence latency, Comm. overhead,
plete design flow of memristive Thermal fluctuation, Switching uncertainty, Stateful dependency, = Synch. bottlenecks,
in-memory computing systems. Transport dynamics  Threshold variation ~ Periphery overhead  Limited scalability

Bottom-up: Limitations/Constraints
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V. Current EDA Landscape
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V. Open Challenges and Outlook

Open Challenges

B Limited cross-layer integration: Existing frameworks [2, 3, 4] typically target only one or two abstraction layers,
while digital memristive stateful logic exhibits strong dependencies spanning devices, circuits, architectures,
compilers, and applications. Effective design-space exploration requires bidirectional feedback across layers.

B Restricted flexibility: Most available tools are developed for specific logic families, architectures, or execution
models, limiting their applicability to the broader spectrum of memristive computing paradigms and emerging
hardware platforms.

B Missing automation across the design flow: Several stages remain largely manual, including mixed-logic syn-
thesis, controller and peripheral generation, technology characterization, and physical implementation, creat-
ing barriers to scalable system development.

B Lack of interoperability: Existing frameworks operate largely as standalone solutions with limited compatibility.
Standardized intermediate representations and exchange formats are required to enable seamless communi-
cation and reuse across tools. Emerging formats such as .ilim provide a promising foundation by capturing
mapped stateful logic sequences across multiple abstraction layers.

m Insufficient support for physical realization: While higher-level design automation is advancing, the lower lay-
ers remain underdeveloped. Automated mixed-signal and mixed-logic implementation flows, comparable to
those available for CMOS digital design, are still largely missing.

Outlook

The next generation of EDA infrastructures should evolve toward an open, end-to-end, and cross-layer design ecosys-
tem for memristive in-memory computing. Such an ecosystem must support continuous optimization from materials
and devices up to applications and workloads, enabling automated exploration of design trade-offs across all abstrac-
tion layers. Standardized representations, interoperable toolchains, and open-source models will be key enablers for
community-driven development. Closing the remaining gaps in synthesis, verification, controller generation, physi-
cal implementation, and technology characterization will ultimately pave the way for a complete RTL-to-fabrication
flow for digital memristive systems. The long-term vision is a mature EDA stack that makes memristive computing
platforms as accessible, portable, and scalable as contemporary CMOS-based design flows.
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