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Abstract

• GROPHECY

– GPU performance projection framework

– Without actual GPU programming or hardware

– Code skeletonization

– Automatic transformation from code skeletons
to mimic tuned GPU codes
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Introduction

GROPHECY

* CPU code skelton→ GPU Performance Projection
- Developers use this projection to determine whether      
they should port the CPU code to the GPU code or not.

* Without GPU code and without accessible GPUs
- Only hardware specifications and application statistics

are needed.
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Related Work

• Translation tools based on an annotated legacy code

• Metaprogramming tools

• Model-driven auto tuning framework

• GPU performance model

• Performance models for application tuning over complex 
or large scale systems

• Cross platform performance prediction
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GPU Architecture
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An Overview of GROPHECY
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Code Skeletonization
• Code skeleton

– Abstract of the CPU code structure
– Starting point for code transformation

Code Skeletonization

Code skeleton elements
– Data parallelism
– A task
– Data Accesses
– Computation instructions
– Branch instructions
– For loops
– Streaming loops
– Macros



Code Skeletonization

Code transformation
based on code skeleton information
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Code Layout Parameterization

① Tread block size
② Staging
③ Folding
④ Caching Strategy
⑤ Loop Unrolling

①①①① ②②②② ③③③③ ④④④④ ⑤⑤⑤⑤



The Search Space

Dependency

The pseudocode for space exploration of code layouts



Identifying Cacheable Data

Determining Stating Sizes

Estimating Shared Memory Usage

Footprint
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Characterizing Code Layouts



Active Thread Blocks per SM



Global Memory Accesses



Computation Instructions

Adopting GPU Performance Model

Hon and Kim’s GPU performance model



Agenda
1. Introduction
2. Related Work
3. Background
4. The GPU Performance Projection Framework
5. Code Skeletonization
6. Code Transformations
7. Characterizing Code Layouts
8. Methodology
9. Evaluation
10. Limitations
11. Conclusion



Methodology

Quadro FX5600 Tesla C1060

2 different generation GPUs

Benchmarks



Agenda
1. Introduction
2. Related Work
3. Background
4. The GPU Performance Projection Framework
5. Code Skeletonization
6. Code Transformations
7. Characterizing Code Layouts
8. Methodology
9. Evaluation
10. Limitations
11. Conclusion



MatMul: Stating and Loop Unrolling



HotSpot: Folding and Coalescing



IspinEx: Sparsity and Code Restructuring



SpinFlap: Indirect Accesses and 
Thread Block sizes
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Limitations
• Modifying algorithm
• Restructuring data
• Automatic parallelization
• Non representative control path
• Data-independent control flow
• Texture memory and constant memory
• Model instruction level parallelism
• Double precision kernels
• Data transfer time between CPU and GPU
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Conclusion

• GROPHECY
– Fast GPU performance projection framework
– Without actual GPU hardware or GPU programming
– Significantly reduces the performance evaluation process

– Projected performance vs manually tuned code:
• 17 % (geometric mean), 31% (maximum)
• Worst case: 95% performance compared with

manually tuned code
• Best case: 1.37x performance compared with 

manually tuned code 



Comments

• There are still tedious and error-prone processes 
depended on users of GROPHECY. 

• There are still many limitations on GROPHECY.

• The name, “GROPHECY” is not familiar and difficult 
to remember and pronounce…


