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Motivation

• Arbitrary Precision Integer Multiplication

?
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Motivation
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Why FPGA becomes the most 
inefficient platform in large 
integer multiplication?
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Motivation
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ACAP: FPGA + Vector Units
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Schoolbook Decomposition
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Background
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Motivation

• Combination of massive parallelism and long sequential process

Massive independent sub-processes

Byte-level processing

Utilize vector instructions efficiently

Single & long sequential process

Bit-level processing

a3 a2 a1 a0

b3 b2 b1 b0 
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b3a3 b2a3 b1a3 b0a3

Long Carry Propagation
......

Vector 
Processors

FPGA

• Can FPGAs take advantage of vector processing?

• Will heterogeneity bring performance or energy efficiency gains?

• How to find the best mapping strategy? Programming Efforts? Etc.
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Versal ACAP Architecture
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AIM Architecture
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• AIM Mapping Strategy 1 

Less hardware resources; Use more AIEs; Low AIE kernel efficiency;
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AIM Architecture
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AIM Architecture A0 A1 A3 A4 A5A2

C0C1C2 C3C4 C5

• AIM Mapping Strategy 2 

More hardware resources; Use less AIEs; High AIE kernel efficiency;
C2, C4, C1, C5, C0, C3 C0, C1, C2, C3, C4, C5
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Workload Partition in AIM
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Workload Partition in AIM
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306 AIEs are used

System level performance of 8192-bit Multiplier

Low kernel efficiency

High kernel efficiencyOnly 80 AIEs are used
210 AIEs are used
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Single AIE Design
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Scaling Out to AIE Array in AIM
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Parallel Compute

Fine-grained  
pipeline
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Scaling Out to AIE Array in AIM
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Up to 396 AIEs can be used
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Fine-Grained Pipeline in AIM

Reorganize/Header
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All modules are coordinated in a fine-grained pipeline
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AIM Framework

AIM Size
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https://github.com/arc-research-lab/AIM
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Applications - RSA
𝑐𝑖𝑝ℎ𝑒𝑟𝑡𝑒𝑥𝑡 = 𝑝𝑙𝑎𝑖𝑛𝑡𝑒𝑥𝑡  % 𝑁

𝑝𝑙𝑎𝑖𝑛𝑡𝑒𝑥𝑡 = 𝑐𝑖𝑝ℎ𝑒𝑟𝑡𝑒𝑥𝑡  % 𝑁
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multiplications optimized multiplication kernels

Application specific control logic can 
be easily integrated into the pipeline



2023/11/29 21

Applications - RSA
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Applications - Mandelbrot Set

𝑓 0 , 𝑓 𝑓 0 , 𝑓 𝑓 𝑓 𝑓 0 , ….

𝑓 𝑧 =  𝑍 + 𝐶

Mandelbrot set
• divergence tests of sampled points on the complex plane
• detailed structures at arbitrary precision

Increase Precision
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Experiment setup

• Implemented Platform: AMD Versal VCK190

• Frequency: AIE@1GHz, PL@160~220MHz

• Software Tools: Vitis 2021.1

• Applications: Large Integer Multiply, RSA, Mandelbrot Set

• Baseline

• CPU: Intel Xeon Gold 6346, GMP 6.2.1 

• GPU: NVIDIA A5000, CGBN 2.0 
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Analytical Model Accuracy

• AIM predicts performance accurately for different configurations

• AIM can find optimal configuration quickly
Comparison between AIM modeling & on-board measurement 
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Performance & Energy Eff. Comparison

Comparison among optimal AIM implementation, Intel Xeon 6346 CPU, and Nvidia A5000 GPU 
for LIM with input sizes from 4,096 to 262,144 bit

• AIM is more energy efficient than CPU and GPU

• AIM supports much larger multiplications than GPU
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Performance & Energy Eff. Comparison

Performance & energy efficiency comparison 
between CPU GMP and AIM for RSA

Performance & energy efficiency comparison between CPU GMP,
GPU CGBN and AIM for plotting Mandelbrot set

• AIM is efficient in end-to-end applications  
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Email: zhuoping.yang@pitt.edu
peipei.zhou@pitt.edu

Github Repo: https://github.com/arc-research-lab/AIM


