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Tensor Sparsity Analysis Sparse Tensor Performance Analysis
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e We plot the tensor’s sorted value for 3 different types of circuits under noise-free and noisy environment. (1) Apply a sparse tensor contraction framework to show

Tensor for the whole circuit Tensor for subcircuit 1 | Tensor for subcircuit 2 Tensor for the whole circuit Tensor for subcircuit 1 Tensor for subcircuit 2 . the performance gap |n real experlments,
0.061 0.06- 1.0 0.06- 0.06. 1.00+ OperatIOnS . .
. . . (2) Analyze the tensor sparsity on a more complex noisy
" 05 . - unitary gate: p” = UpU’; . L _ . .
. . ] o environment, like introducing crosstalk noise or test it on
d | - 0.02 0.25
g 000 ik % 003 3 oo I : 2 s g o2 - measure: (A) = tr(Ap);
> “llw il « / real quantum computer.

| - tensor product: p* = p Q) p’, also called Kronecker L .

001 ; 001 050, . . N AN . . (3) Compare the approximation idea with other
2 — S | | | | | ol product. p is a matrix of 2% X2" and p’ is a matrix of , _ .
pauli string sorted by |Value| pauli string sorted by |Value| pauli string sorted by |Value| Opauli strinlgO(s)orted byZR/OaIue| Opauli strinlgogorted byZR/Oaluel Opauli gg?nogosoiggoboy |V6a(I)L?e0|0 M M % o . N+M N+M apprOXImatIOn methOdS SUCh aS SVD’ QR decompOS|t|On

27 X2™, p” is a matrix of 2 X 2 ; from Nvidia cuQuantum
. . . vidia cuQuantum.
Tensor for the whole circult Tensor for subcircuit 1 10/ Tensor for subcircuit 2 Tensor for the whole circuit Tensor for subcircuit 1 Tensor for subcircuit 2 ) partlal trace: trpél- (’03 ® ’04) — p3’ Pa rtlal trace IS

0.121 ' 1.01 . . .

o 010 02 o like the inverse of tensor product. In quantum computing, References

' | 0.5 0.10 107 . . .

E g0.0B- v 005 ||||“‘||||| v w’ 0.08 0.08; 0.6 It means d|Senta nglement brought by measurement-
3 S 0.00] S 0.0] g g 0.061 S 0.4
d € 0.06 < 2 g %091 2 o4l S . . . . \/K . .

“m"“ I e For tensor of size K, the sparsity is usually — The time M. A. Nielsen and |. L. Chuang, Quantum

0.021 ~0.10] "2 ’ 0.00 e | . . . : - .

ol el e O el complexity for each operation are listed below: Computation and Quantum Information: 10th
pauli string sorted by |Value| pauli string sorted by |Value| pauli string sorted by |Value| Opaulistrzir?g sortegoby |Va|u6e? Opauli str2ir(\)g sortegoby |Va|u6e? Opaulilg’?r?ngzs(c))(r)toed:t)))glol(\)/aljgoo Anniversal,y Edition_ Cambridge University PreSS,

Tensor for the whole circuit Tensor for subcircuit 1 Tensor for subcircuit 2 T for th hole circuit . ; beircult 1 . ; bcircuit 2 unita ry measure tensor partial 201 O
gate product trace D. Gottesman, “The heisenberg representation of
< o . | e guantum computers,”1998.
2 00 8 o0 2 ool — — o normal 22N 22N 22N+2M  22N+M Tang, W., Tomesh, T., Suchara, M., Larson, J., & Martonosi,

0.041 0.04] Il 1

g - 05 J“M oo tensor M. (2021, March 19). CUTQC: Using small guantum

T sty l] oot oo "0 m k@ e m @m0 o e me wwww  SPAS€ oy ONN  9N+M  HN+M computers for large quantum circuit evaluations.

, _ o _ tensor arXiv.org. https://arxiv.org/abs/2012.02333
Noise-free Noisy(depolarizing noise)

RUTGERS




