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Graphics processing units (GPUs) support dynamic voltage and 

frequency scaling to balance computational performance and 

energy consumption. However, simple and accurate performance 

estimation for a given GPU kernel under different frequency 

settings is still lacking for real hardware, which is important to 

decide the best frequency configuration for energy saving. We 

reveal a fine-grained analytical model to estimate the execution 

time of GPU kernels with both core and memory frequency 

scaling. Over a wide scaling range of both core and memory 

frequencies among 20 GPU kernels, our model achieves accurate 

results (4.83% error on average) with real hardware. Compared to 

the cycle-level simulators, our model only needs simple micro-

benchmarks to extract a set of hardware parameters and kernel 

performance counters to produce such high accuracy.

ABSTRACT

 Different GPU applications may have various utilizations of different hardware 

components, changing the frequencies may lead to diverse performance scaling 

behaviors for them.

 Different GPU applications have different sensitivities to 𝑓𝑐𝑜𝑟𝑒 and 𝑓𝑚𝑒𝑚

respectively. Even the sensitivity to 𝑓𝑐𝑜𝑟𝑒 may change under different fixed 

𝑓𝑚𝑒𝑚, and vice verse.

 Our goal is to establish an estimation model that can predict the execution time 

of a given GPU kernel under different core and memory frequency settings. This 

can help determine which frequency configuration save most energy for a 

specific GPU application. 

OBJECTIVES

 DRAM Performance Modeling with Frequency Scaling

➢ When the memory system is idle and only contains the overhead of 

path traveling between SMs and DRAM, and data access in DRAM 

(refer to the left figure).

➢ If the memory system is saturated due to intensive memory requests, 

most of the requests must wait in the queue until the previous ones 

have been finished (refer to the right figure).

METHODOLOGY

RESULTS

CONCLUSIONS

We demonstrate a GPGPU performance predictor for a wide 

range of core and memory frequencies. Our model can quickly 

and accurately predict the execution time of a GPU kernel on real 

hardware, which is important to deriving real-time energy 

conservation suggestions with DVFS techniques. We show that 

our performance estimation method can achieve a MAPE of 

4.83% across up to 2× both core and memory frequencies scaling 

among 20 realistic GPU kernels.

Potentially our performance model can be integrated into a real-

time power management system for GPUs based on DVFS 

techniques. Using the best frequency configuration predicted by 

the models, we can save an considerable amount of energy 

consumption compared to adopting the default setting. 
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 Quantitative Analysis on GTX 980
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 GPGPU Performance Modeling with Frequency Scaling

➢ When there are enough compute instructions to be issued and the memory requests are 

not too intensive due to long computation periods, the global memory latency can be 

hidden (refer to the upper figure).
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➢ When the memory bandwidth is saturated or there are not enough warps to issue 

compute instructions, one memory request must wait until all of the outstanding 

requests have been finished. We can regard the compute cycles as the inter-arrival time 

of two consequent memory requests (refer to the bottom figure.)
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 Model Accuracy: The left-bottom figure shows the mean absolute precision error (MAPE) of each 

tested GPU kernel across 36 frequency configurations. Our performance model estimates achieve 

high accuracy with an average MAPE of 4.83%. The right-upper figure shows the average error of 

each frequency setting. 

 Energy Conservation: The power estimation model described in [7] adopts Support Vector 

Regression (SVR) to build correlations between performance counters of GPU kernels and GPU 

runtime power consumption. We combine it with our performance model to predict the energy 

consumption of each kernel under different frequency settings. The right-bottom figure illustrates 

the results. With the predictions of our model, we finally achieve up to 48.8% energy saving and an 

average of 20% among 20 tested GPU kernels.
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