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ML for Accelerator Design
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ML for Accelerator Design
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ML for Design

• Performance Estimates

• Power Estimates

• Resource Usage and Timing Estimates

• Operation Delay Estimates

• Congestion Prediction

• DRC Violation Prediction

• IR Drop Prediction

• Estimation of Quality of Synthesis
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Overview of ML4Accel

ML4Accel dataset domains ML4Accel dataset features and labels
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HLS-FPGA dataset: HLSDataset

HLSDataset is a subset of ML4Accel targeting prediction tasks in FPGA via HLS

Comparison between HLSDataset and prior open-source datasets for training ML models for chip design
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Generation of HLSDataset

Category Details

Num samples 18,876

Num applications 34

Application sources Polybench, Machsuite, CHStone, Rosetta

FPGAs Xilinx ZU9EG, XC7V585T

Clock frequency 100MHz

Domains Multimedia, Arithmetic, Signal Processing, ML

Size ~50GB

Machines 9 16-coe Intel Xeon 5218 2.3GHz with 384GB RAM

Time More than 1,500 hours

Tools Xilinx Vivado/Vitis

HLSDataset generation efforts and used tools
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Generation of HLSDataset

HLS

Synthesis & 

Implementation

Extraction

Target 

Metrics

Sample RTLs

C/C++/SystemC

Implementation 

Reports

HLS Reports/Files

Selected 

Features

Extraction

HLSDataset
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Generation of HLSDataset

Tcl template 

with attributes

Generator

Tcl files

Sample RTLs

Vivado 

HLS

static lines:

set_directive_resource 

……

array partition:

[2, 4, 8, 16, 32], [cyclic, block]

[4, 16, 32], [cyclic]

……

Loop optimization:

bfs/loop1,pipeline,unroll,[2, 4, 8, 16]

bfs/loop2,,unroll,[2, 8, 16]

……
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HLSDataset Contents

post_hls_info.csv

post_impl_info.csv

IR

FSMD

HLS Raw reports

Impl Raw reports

RTL codes

HLSDataset
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HLSDataset Contents

post_hls_info.csv

post_impl_info.csv

IR

FSMD

HLS Raw reports

Impl Raw reports

RTL codes

HLSDataset

IR: IR codes and operator information

FSMD model: Finite State Machine Datapath model 

HLS Raw reports: resource usage estimation from HLS

Impl Raw reports: Resource utilization and timing reports 

generated after implementation

RTL codes
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HLSDataset Resource Distribution for ZU9EG
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HLSDataset Resource Distribution for ZU9EG
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Potential Use Cases with HLSDataset

- Power Estimates

- Resource Utilization Estimates

- Timing and Operation Delay Estimates
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Case Study 1 with HLSDataset
Dynamic Power Estimation using PowerGear

Training setup:

- GNN model from PowerGear [4]

- Polybench subsets from HLSDataset

- 10-fold cross validation

- Trained on Ampere A100

HLSDataset

post_hls_info.csv

post_impl_info.csv

IR

FSMD

HLS Raw reports

Impl Raw reports

RTL codes

GNNs

Topology

Node Features

Edge Features

Graph Samples

Dynamic Power

Labels

Graph 

Construction

Simulation and 

Total Power Est

Stimulus

Dynamic power estimation errors - Training dataset and

testing dataset are from Polybench subset of HLSDataset. 

Results for ZU9EG and XC7V585T.
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Resource Usage estimation

Training setup:

- XGB and Lasso model from S. Dai et al. [1]

- Polybench, Machsuite subsets from HLSDataset

- 10-fold cross validation

- Trained on Ampere A100

HLSDataset

post_hls_info.csv

post_impl_info.csv

IR

FSMD

HLS Raw reports

Impl Raw reports

RTL codes

Lasso

Resource #

Clock periods

Logic ops

Arithmetic ops

Memory

Multiplexer

Features

#LUT

#FF

#DSP

#BRAM

Labels
XGB

Case Study 2 with HLSDataset

Resource estimation errors - Training dataset and testing dataset are 

from Machsuite and Polybench subsets of HLSDataset. Results for 

ZU9EG.



Thanks!

Project is ongoing at

lca.ece.utexas.edu

https://github.com/UT-LCA/ML4Accel-Dataset

We acknowledge a Meta’s support for our research via  AI4AI Research gift
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