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Sampling method

• Direct sampling

• Markov chain sampling



Balance and probability

• Balance: P(Aout)=P(Ain)

• Detail Balance: P(A to B)=P(B to A)

• Ergodicity! 



Metroplis Probability

𝑃 𝐴 𝑡𝑜 𝐵 = min[1,
𝑊𝐵 𝑃𝑠𝑒𝑙𝑒𝑐𝑡(𝐵 𝑡𝑜 𝐴)

𝑊𝐴 𝑃𝑠𝑒𝑙𝑒𝑐𝑡(𝐴 𝑡𝑜 𝐵)
]

𝑃 𝐴 𝑡𝑜 𝐵 = min[1,
𝑊𝐵

𝑊𝐴
]



Sampling in statistic mechanics：
sampling for partition function

1 =
𝑧

𝑧
=
σ𝑐𝑤𝑐
𝑧

=

𝑐

𝑃𝑐

Sign problem?!



Quantum spin systems

Stochastic Series Expansion (SSE) picture

http://physics.bu.edu/~sandvik/programs/ssebasic/ssebasic.html



Stochastic Series Expansion (SSE) picture

http://physics.bu.edu/~sandvik/programs/ssebasic/ssebasic.html



Diagonal update  (e.g. Heisenberg model）



Off-diagonal update  (e.g. Heisenberg model）



Free spin update to change total Sz

Code:    http://physics.bu.edu/~sandvik/programs/ssebasic/ssebasic.f90



Measurement

• Energy：

• Specific heat：since C = ( <E2> - <E>2 )/T2 we have

References: Sandvik , Computational Studies of Quantum Spin Systems   



Imaginary time: from path integral to SSE



Sign the imaginary time
on every piece!

Note: get random numbers
from 0 to beta with
equal probability!



Stochastic Series Expansion (SSE) picture

http://physics.bu.edu/~sandvik/programs/ssebasic/ssebasic.html



Diagonal update for TFIM

Choose a kind of operators to be inset.                                    Probability of inset.         

Probability of removeAnother choice?

A. W. Sandvik, Phys. Rev. E 68, 056701 (2003)



What’s the probability here?  ——0.5



Only 6 configurations:

Probability:

Question: if flip-symmetry doesn’t work, how to do it??

O. F. Syljuasen, A. W. Sandvik. Phys. Rev. E 66, 046701 (2002)

Directed loop update



Directed loop update

Which types are acceptant??

Detail Balance 

Because of symmetry reasons,

there are only two different types of sets



Sweeping cluster algorithm
Zheng Yan, et al. Phys. Rev. B 99, 165135 (2019)



Along imaginary time-Sweeping cluster

Select a flippable block to start the 
update, and generate/destroy a 
dimer where the update line passes.

Cluster completion until only 4 
update lines remain and terminate 
in a flippable plaquette.



There are cases of split/synthesis of loops!

Details show



Thanks for your attentions!


