abstractPIM: Bridging the Gap Between
Processing-In-Memory Technology and
Instruction Set Architecture

ASIC?

Adi Eliahu, Rotem Ben Hur, Ronny Ronen, and
Prof. Shahar Kvatinsky

Faculty of Electrical Engineering
Technion — Israel Institute of Technology
VLSI SoC, October 2020

ARCHITECTURES ;-

ARCHITE TECHNION

INTELLIGENT COMPUTING u Israel Institute
INTEGRATED CIRCUITS of Technology




Data-Intensive Applications
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Inefficiencies in the von Neumann Machines
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Memristors

Emerging Nonvolatile Memory Technologies
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Memristor — Memory Resistor
Resistor with Varying Resistance

Current ,

Voltage
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Memristor Integration
in Computer Architectures

accelerators general-purpose
computation
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Stateful Logic |1

The logic gate inputs and outputs are represented by
memristor resistance
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MAGIC NOR in Memristive Crossbar
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Logic Execution within a Memristive Crossbar

SIMPLE 1]

Yadav et al. [2
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Logic Execution within a Memristive Crossbar

Yadav et al. 2

SIMPLE 1]

Challenges with
current solutions:
1. Gap between
target machine
constraints and
> instruction set
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abstractPIM: Hierarchical Flow
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abstractPIM: Hierarchical Flow

Advantages:
1. Hierarchical
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abstractPIM: Hierarchical Flow

Advantages:
1. Hierarchical
2. PIM technology independent
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abstractPIM Flow:
Microcode Generation

The controller is designed one time, offline

Instruction 1 »
Instruction 2 »
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abstractPIM Flow: e

Instruction

Intermediate Representation implementation
The program is compiled
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abstractPIM Flow:

Runtime Execution
The program runs on the CPU
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Case Study: Vector-Matrix Multiplication

Benchmark Target Machine
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Different Instruction Set Architectures
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Different Instruction Set Architectures
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Different Instruction Set Architectures
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Vector-Matrix Multiplication Results
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abstractPIM Evaluation Methodology
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abstractPIM Evaluation Methodology

 Measured metrics:
e Code size
* Execution time

» EPFL Benchmarks 1
« 512-sized or 1024-sized row
 Tested with different /nstruction sets and technology sets
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Code Size Results
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Execution Time Results
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Execution Time Results
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Execution Time Results
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Execution Time Results
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Execution Time Results
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Execution Time Results
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Execution Time Results
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Future Work

» Solving the cyclic dependency problem
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* Build more complex instruction sets and compare them
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Conclusion

« abstractPIM: a hierarchical compilation concept and method for
logic execution which provides:
- Flexibility
 Abstraction
« Code size reduction (56%)
« Backward compatibility with other machines

» Lays a solid foundation for a compiler for a memristor-based
architecture
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