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MODELING SINGLE-SOURCE SHORTEST PATH ALGORITHM DYNAMICS
TO CONTROL PERFORMANCE AND POWER TRADEOFFS
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Design dynamical system models that can automatically tune an algorithm for optimal 

performance and across diverse hardware combinations.

GPU-based parallel single-source shortest path (SSSP) from the Gunrock [1] analytics library.

The base line Near+Far SSSP [2] Our proposed SSSP algorithm [3]
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Advance Model

ü Develop a mathematical model that uses online learning techniques to predict the available 
parallelism in each iteration based on the tunable delta parameter. 

ü Use this model to tune the available parallelism dynamically to meet a given target, thereby 
improving the average available parallelism while reducing its variability.

Performance and Power
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Use Case

A Self-Tuning Algorithm

Key Idea

Efficacy of parallelism control

Proposed technique limits the distribution of 
available parallelism for the Cal road network

Power shows a sublinear dependency on the 
parallelism
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Cal road network [4]
ü Controlled parallelism improves the 

performance and power consumption 
over the baseline. 

ü Most of the self-tuning points are 
both faster and more energy-efficient 
than the baseline algorithm. 

Wikipedia-20051105 network [5]
ü Algorithmic knobs yield a 50% 

speedup with a 25% power savings.

ü It is possible to design an automatic controller scheme to manage irregular parallelism. 

ü The controller may be used to improve energy-efficiency or limit power consumption as part of 
increasing performance or managing a power-performance tradeoff. 

ü Designing such a technique at the level of the algorithm complements power-performance 
management at other levels, such as at the hardware level through DVFS mechanisms.
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