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Introduction

▪ We consider the problem of computing the trace of an implicitly-defined 𝑛 by 𝑛 matrix 𝐴 =  𝑓 𝐺 .

▪ This problem is important in many applications, where the function 𝑓 can be matrix exponential, 
matrix log, fractional powers or entropy.

▪ Computational difficulties arise when the order 𝑛 is large and/or all the information of 𝐺 is not 
available in the computer’s main memory.

▪ We consider approaches to estimate the trace of a large matrix 𝐴 using a restricted amount of 
information from 𝐴.
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Inaccurate or approximate computing

▪ Due to resource (time, power, size, etc.) limitation, it might not be possible to compute the full 
trace of 𝐴.

▪ In this case, we are limited to a restricted access to information about 𝐴 in order to estimate 
𝑡𝑟𝑎𝑐𝑒(𝐴).

▪ We consider two such restrictions which can be considered in the same framework.

1. Asynchronous randomized trace estimates

2. Trace estimation via stochastic rounding
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Matrix trace estimation and graph analytics
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Generalized Adversarial Networks
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Hutchinson’s trace estimator
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Asynchronous randomized trace estimates

▪ Asynchronous computations arise naturally in distributed-memory 
implementations for the iterative computation of fixed points so as to reduce 
idle time between different processing elements via reducing synchronization 
points. 

▪ While asynchronous iterations generally lead to slower convergence, the ever-
increasing gap between the time required to share a floating-point number 
between different processing elements and the time needed to perform a single 
floating-point operation by one of the processing elements, has led to a revived 
interest in the analysis and application of asynchronous algorithms in numerical 
linear algebra.
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Probabilistic framework
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Probabilistic framework
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The vectors 𝑥1, … , 𝑥𝑚 are instances of a random vector sampled from a zero mean distribution and i.i.d. 
components with variance 1, i.e. 𝐸 𝑥𝑥𝑇 =  𝐼.



Probabilistic framework
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Probabilistic framework
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Algorithm
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Variance of asynchronous trace estimator
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Variations of asynchronous trace estimator
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Stochastic rounding

We can consider the asynchronous setting as a case of approximate and inaccurate computing where only 
a random approximation 𝑄 of the matrix 𝐴 is used each time and requiring that the expectation of the 
random variable is proportional to 𝐴 (as expressed by 𝐸[𝑄]  =  (𝜇𝑇/𝑁)𝐴).

Another important method of random approximation is stochastic rounding, where a real number is 
approximated by neighboring quantization levels with probability proportional to the distance to the 
opposite quantization level. 
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Stochastic rounded asynchronous randomized trace 
estimator
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Stochastic rounded asynchronous randomized trace 
estimator
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Stochastic rounded asynchronous randomized trace 
estimator
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Experimental results

▪ A sample of sparse matrices from the SuiteSparse Matrix Collection
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