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Tensor network ansatz for wave function

S.R. White, PRL 69, 2863(1992) 3
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2D ansatz: IPEPS
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How to optimize and contract?



AD-VUMPS

• Optimization Energy

• VUMPS for tensor contraction
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Contraction: VUMPS
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Boundary MPS

SciPost Phys. Lect. Notes 7 (2019)



Computation Graphs
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AD for gradient



Project
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• Largest computation cost 

• dominant eigsolve

• The largest matrix multiplication size is

• 𝑍2 → 𝑈1

• Tensor contraction → multiple small matrix multiplications

Project 1: symmetry tensor multiplication 
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𝜒2𝐷2 × 𝐷2 × 𝐷2𝑑 → 𝑂 𝜒2𝐷6𝑑 → 𝑂 𝐷10

𝜒2 × 𝐷4 × 𝐷4 → 𝑂 𝜒2𝐷8 → 𝑂 𝐷12
Order 1:

Order 2:



Setup

• 𝐶𝑖𝑗
𝑛 = σ𝑘𝐴𝑖𝑘

𝑛 𝐵𝑘𝑗
𝑛 1 ≤ 𝑛 ≤ 𝑁

• size 1 ≤ 𝑖 ≤ 𝑀𝑛
𝑖

• 𝐴, 𝐵, 𝐶 are stored as large vectors
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Benchmark: Kernel vs Sequential
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Kernel programming: AMDGPU.jl and KernelAbstractions.jl



Practical Lmap

• 𝜒 = 160, 𝐷 = 9, 𝑑 = 4

• size pairs
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Time/ms Sequential Kernel Shared memo

Order 1 8.873 16.419 20.643

Order 2 10.208 105.641 55.902

Order 1: ((2200, 40, 2200),(2020, 30, 2020),(2020, 30, 2020),(1560, 20, 1560),(1560, 20, 1560),(1000, 10, 

1000),(1000, 10, 1000),(70, 19, 291600),(61, 16, 274800),(61, 16, 274800),(40, 10, 229700),(40, 10, 229700),(19, 

4, 169600),(19, 4, 169600),(6, 1, 109800),(6, 1, 109800),(19, 70, 291600),(16, 61, 274800),(16, 61, 274800),(10, 

40, 229700),(10, 40, 229700),(4, 19, 169600),(4, 19, 169600),(1, 6, 109800),(1, 6, 109800),(40, 2200, 2200),(30, 

2020, 2020),(30, 2020, 2020),(20, 1560, 1560),(20, 1560, 1560),(10, 1000, 1000),(10, 1000, 1000))

Order 2: ((2200, 40, 2200),(2020, 30, 2020),(2020, 30, 2020),(1560, 20, 1560),(1560, 20, 1560),(1000, 10, 

1000),(1000, 10, 1000),(1107, 1107, 4400),(1016, 1016, 4000),(1016, 1016, 4000),(784, 784, 3100),(784, 784, 

3100),(504, 504, 2000),(504, 504, 2000),(266, 266, 1000),(266, 266, 1000),(112, 112, 400),(112, 112, 400),(36, 

36, 100),(36, 36, 100),(40, 2200, 2200),(30, 2020, 2020),(30, 2020, 2020),(20, 1560, 1560),(20, 1560, 1560),(10, 

1000, 1000),(10, 1000, 1000))



Project 2: Matrix multiplication with multiple GPUs 

• The memory is limited for one GPU card

• Parallel strategy

• High level: limited by several cards

• Up and down boundary MPS

• Large unit cell 

• Low level: data transfer between different cards

• Large matrix multiplication 
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Project 3: Krylov space method in GPU

• KrylovKit.jl: Slow for GPU

• Array of Array Inner is slow 

• Increase and decrease krylov space
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Thank you for Listening!

Q&A
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