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Introduction

Classical deterministic computation methods have encountered
great difficulties when 1t comes to optimization (to find the ground

state of a cost function E).

1. Continuous cases: gradient descent }
1s frequenctly used, which may be stuck @,
by local minima. Noise may help to escape.

2. Discrete cases: sheer enumeration leads to complexity.

Various physical systems have been investigated to accelerate
computation from two aspects:
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Some systems that can make p-bits:

1. Macrospin
Synapse: Ising interaction
Fluctuation: thermal fields!?]
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Ly 2. Noisy voltage comparator
3U, 3 Synapse: resistor network
Fluctuation: Johnson-Nyquist
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Telegraph noise can be simulated in these systems.
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Results

1. Random quadratic optimization

min £ =m' Jm+m'b with random J and b, m < {0,1}"

Given p-bit number N, the system computes 200 random problems,
and then the rank of ground states in visit counts are studied.
Most optimization problems of this kind can be correctly solved.
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2. Number partitioning!4l (also 200 random problems for each N)
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Prospects and Challenges

1. Probabilistic systems have the following advantages:

* (Relative) safety from local minima

* Endurability of noise in the environment

* Scalability close to traditional computers

* Effective parallel operation owing to asynchronized updatel®!
— Less time / power consumption, mild condition, integration

2. Issues remaining to be handled:
* NP character caused by exponential increase of local minima

# of local minima for general quardratic problem ~ 1.05V

# of local minima for number partitioning ~ 1.5V

* Misleading of -V E 1n discrete problems (outperformed by
Monte Carlo simulation that directly involves E)

* How to generate true noise in reality: giant resistors, chaotic

circuits, etc.




