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PimMem:
FPGA-Based Implementation of a Processing-In-Memory (PIM) Memory Array

Processing-In-Memory (PIM) is an emerging paradigm that addresses the von Neumann bottleneck by
performing computation directly within memory arrays, thereby significantly reducing data movement and
improving energy efficiency. Recent work has demonstrated flexible controllers (CtrIPIM [1]) capable of issuing
microcoded instructions to such memory arrays. However, the memory array itself (MemArray) - which
performs the actual in-memory computation — was not integrated in that work.

This proposed project focuses on implementing the memory component of a PIM system on FPGA,
complementing the existing controller design.

System Overview

The target system is based on the previously proposed architecture, integrating:
- CPU
- Microcode-based PIM controller (CtrIPIM)
- Memory Array (MemArray)

The controller generates sequences of PIM commands, which are executed inside the memory array. This
project completes the system by providing a hardware implementation of the MemArray, enabling end-to-end
PIM execution on FPGA, see Figure 1.
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Figures 1. System incorporating the CPU, CtrIPIM, and MemArray. The left-colored boxes comprise CtrlPIM.
The proposed project (right dash box) implements the MemArray, replacing the current simulation/debug
component (ILA) with an actual hardware execution unit.

Project Goals

The main objective of this project is to design and implement the MemArray block on FPGA, including its
storage and compute capabilities. In this project, the students will:

e Understand the architecture of PIM systems and the role of the memory array

e Analyze the interface between the controller and the MemArray

e Design a hardware module that:

o Stores data in a structured array (rows/columns)

o Receives PIM commands from the controller

o Executes in-memory operations (e.g., vector operations, reductions, logic ops)
Implement the design in Verilog/VHDL on FPGA
Integrate the MemArray with an existing controller (or a driver environment)
Validate correctness using test programs (e.g., reduction, compaction)
Evaluate performance (latency, throughput, resource usage)

Key Challenges

Designing a scalable row/column memory structure on FPGA
Mapping PIM operations to digital logic compatible with FPGA fabric
Handling parallel operations across rows efficiently

Interfacing correctly with controller command sequences

Balancing resource usage (BRAM, LUTs) and performance

Expected Outcomes
e A working FPGA implementation of a PIM memory array
e Functional integration with a controller (full or partial system)



e Demonstration of selected PIM workloads
e Performance and resource evaluation
e Basis for future research on full PIM systems

Prerequisites:

e Courses:
44252 - Digital Systems and Computer Structure (must)
46265 - Circuits and Architectures With Memristors (desired)
e Experience with VLSI / FPGA Design and Verilog/SystemVerilog is recommended

For more information: Ronny Ronen (Ronny.ronen@gmail.com)

[1] CtrIPIM: A Microcode-based Controller for Memristive Memory Processing Unit, available upon request
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