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Y) efficiently represent quantum states

simulate quantum circuits

|
ﬂﬂ machine learning applications

solve high-dimensional linear systems
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Vector Matrix S-order tensor
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Contraction complexity
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Eigendecomposition
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Eigendecomposition

Singular Value Decomposition
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Quantum state

il

'4

N-rank tensor of dimension 4"

: QUANTUM
GERM IQ ) TECHNOLOGY
INITIATIVE



Quantum state

il

W |w) = Z Gyl o i)

N-rank tensor of dimension 4"

: QUANTUM
GERM IQ ) TECHNOLOGY
INITIATIVE



10>
10>

0




0> x>

10> 10>




0> x>

10> 10>

[Y>=11> e 10>
" F DY 14D D




o> x

o) 10> 0>

[Y>=11> e 10>
" F DY 14D D













Product State

@ 10>

Number of parameters

O(Nd)




Product State

Number of parameters

O(Nd)




Product State

K1 ) d=2. Number of parameters
O(Nd)




Product State

K1 ) d=2. Number of parameters
q




Product State

: QUANTUM
CERD IQ ) TECHNOLOGY
INITIATIVE



Product State

physical dimension Q coeo @ Q

: QUANTUM
CERN IQ ) TECHNOLOGY
INITIATIVE



Product State 6 6 6 A@ d@ 4{

w) =1y) @ lyy) Q... & |wy)




Product State 6 6 6 A@ d@ 4’

w) =1y) @ lyy) Q... & |wy)

=| el
il

( )
i) ®...® ZCI’;}VIiN)
\ W J




Product State 6 6 6 A@ d@ b

W) =ly) @y ®...0 lyyy  1TD=11>e 10>

\

=| 2 c'lin)
il

( )
N|®...Q] Zcﬁ"liN)
\ W J




Product State g 6 b A@ d@ b

W)=y @) ®...0 lwy) D=1 ID>
( )
| | )

J

|
=M
o

p—t ey

P

-

[—
~




Product State g 6 b A@ d@ b

W) =ly) @y ®...0 lyyy  1TD=11>e 10>

( \ |
wfo-e[zaw] (o) {))o
\ & ) \ W ) |

Il
)
[a—
"o~
U
~N




Product State

w) =1y) @ lyy) Q... & |wy)

iVl ® ...

®

Lol

Y>=11> o 10>

( \
ZCI?,VUN)
\ W J

4

y




Product State g 6 6 6 A@ b

W =ly) Q) ®...0 lyy)  IYD=11Do ID>
( \
| | )
D ®... @) ciliy) = [ Ox\1)*+ 1<\ | ®

o)

|
=M
o

p—t ey

P

-

[—
~




Product State 6 6 6 A@ d@ b

w) =1y) @ lyy) Q... & |wy)

( ) d—1 S
. ®”.® ZC;IIVIIN> — Z ll,lle>
) \ iN ) {ll,lzln}=0 l

product of scalars

Il
)
p—t ey
[e—y
~.
[
~N~




Product State . % 6 6 A@ d@ b

w) =1y) @ lyy) Q... & |wy)

( ) ( ) d—1
_ chillll> R...Q® ZCI’\'IIVHN) — Z c1’1c2’2,..c]?]" I, 0y ... 0n)
i ) w ) {i},iy...i, }=0




superposition

10> @
10>

CNOT




entanglement




CNOT

10> @
10>

Bell state lY)-‘-‘- J;QOC)) + ”1>>
" F DY 14D D






















0 xN0>




1> 11>

1) O x 101>
110 1 Q 0 0 x110>




coefficient matrix ! 1 X lo O>

(1 O x 101>
110w 1(10) 0 nii05
& \? 2\ o 1)1 =i1>

/ basis states




coefficient matrix Bell state

1 /23\ 1(10
, 1 +










1(10) sw 1o) 1o} (10
2\o1/| 01" =\o@W) ™ \o1

Vi




singular values




singular values

10\ 1{Vo 10
H5) o (oS-G

I B
7\;'\17 =

max entanglement




singular values

I B
7\;'\17 =

max entanglement

Hilbert space dimension loﬁ d o D
A




singular values

I B
7\;'\17 =

max entanglement

Hilbert space dimension loﬁ d — @
2 ,

BOND DIMENSION







Matrix Product State
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MNIST clagiffication
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MNIST clagiffication
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