PIM 714t 7}1&:7] o}7|9H A& &83 Al d4tel AEA
9 A=A A

w3 dl2], Ao
AAWeE W7 WA T et

e—mail: hylb543@yonsei.ac.kr, eychung@yonsei.ac.kr

Improving accuracy and reliability of Al calculations using PIM—based

accelerator architecture

*Yeri Heo, Eui—-Young Chung

Yonsei University Department of Electrical and Electronic Engineering

Abstract

This paper explores the implementation and
enhancement of Processing—In—Memory (PIM)
architectures, specifically focusing on the Analog
PIM for applications requiring high accuracy, such
as automotive driver—assistance systems (ADAS).
The necessity for precise and real—time data
processing within vehicle Advanced Processors
(AP) highlights the critical role of PIM
technologies, which significantly improve data
processing speeds through simultaneous activation
of multiple rows for memory—intensive operations
like Multiply—Accumulate (MAC) and General
Matrix to Vector Multiplication (GEMV). However,
this leads to increased susceptibility to errors due
to the continuous memory access and thermal

effects on transistor switching.

To address these challenges, this study
introduces a robust Error Correction Code (ECC)
algorithm tailored for Analog PIM systems to
enhance accuracy and reliability n Al
computations. The effectiveness of the ECC
algorithm is evaluated through a System—C based
simulator that models the physical parameters of

actual circuits, providing insights into hardware

configurations and operational efficiency.

The implementation of ECC has shown to reduce
the accuracy degradation from 24.37% to 2.5%
under defect conditions at the 10,000th iteration,
signifying a 21.8% improvement in system
reliability. Moreover, this research extends to
examine the impact of varying ECC application
intervals on the accuracy, underscoring the balance
between system reliability and performance. The
findings suggest that ECC parameters must be
carefully considered alongside hardware
specifications such as area, energy consumption,
and processing time to optimize PIM deployment in

real—world applications.
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1. Processing in Memory
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3.1 ECC Design
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3.2 ECC Algorithm

Algorithm 1 parity generation algorithm

1: function parity_gen(data, index)

2:  [Initialize n = DATA_SIZE(Byte) * 8

3 Initialize p_bits = parity_bit num

4 Loop i from O top bits- 1

5: Calculate parity_position =21

6: Initialize count = 0

7 Loop j from 1 ton

8: If | & parity_position is true, increment count based on data bit at position
9: End Loop

10: If count is odd, update parity or actual_parity based on ECC status
11: End Loop

12: end function

713 4. Parity Generation Algorithm
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Algorithm 2 ECC algorithm

1: function ECC_fune(data, parity)

2:  Initialize n, total_segments, bytes_per segment

3 Seed random number generator

4 If total_index meets condition, induce errors at random positions
5: Loop segment from 0 to total_segments - 1

6: Reset actual_parity and set ECC mode

7 Call parity_gen for current data segment

8 Calculate parity difference

9: If there is a parity error, correct the error at calculated position
10: End Loop

11: Increment total_index

12: end function

% 5. ECC Algorithm
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3.3 Evaluation
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