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What is a tensor?

Tensor network
basics

MPS tomography

Tensors are generalisations of matrices. Often we use graphical
representations for them.
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oot representations for them.We'll start with a representing a Scalar. For
i,j, k € [x],

[ ]

=Aijk€C

An alternative way of representing Scalars
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What is a tensor? (2)

Tensor network
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Now for vectors.

She For i,j € [x].
I J AiJ,l
e Ai:“j72 E CX
o] Aijx

We also denote the vector by |A; ;)
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What is a tensor? (2)
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Now for vectors.

She For i,j € [x].
I J AiJ,l
= AI:J,2 c Cx
o] Aijx

We also denote the vector by |A; ;)
An alternative way of representing Vectors
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Connecting two tensors
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s We can connect tensors together. First, we'll see connecting two scalars.
) For i,j, k,l € [x],

] k
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Connecting two tensors
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e We can connect tensors together. First, we'll see connecting two scalars.
rerouting

For i,j, k, 0 € [x],
? ?

J k
i —(Ay—a—(B)— ¢
T/ \( 1AljozBak/€(C
J k
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Connecting two tensors (2)
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rerouting

a [A
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FraanamaT Now a similar example with B being a vector. For a, i, j € [x],
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(A —(¢)

o=

4]

i (n) i J
\r =5 AjanByss VB € [A]
a

= Z;(:l Ai,a,'y |B%J'>
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Connecting two tensors (3)
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rerouting Finally, connecting two vectors. For i,j € [x]

D)—(5)

o0

o g
()i

i (A)y—0
T S A @ 1B, )
o] 3
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Example of a Tensor network: MPS
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Entanglement Using tensor network notation, we can represent “states with a line

entanglemenet structure”, called MPS, as follows
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Example of a Tensor network: MPS
Tensor network

I)Esics

MPS tomography

R Using tensor network notation, we can represent “states with a line

e entanglemenet structure”, called MPS, as follows

50 ©

More formally, an MPS |¢), with bond dimension Y, satisfies Vi € [n], the
Schmidt rank of [¢)) across the {1,...,i},{i+1,...,n} bipartition is at
most x. MPS have nice properties, for example they can be learnt using

poly (n, x) samples.
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e MPS preparation
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Bl State preparation: Given a classical description of a state [¢),
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et construct a circuit, C, that prepares copies of [¢), i.e. C|0) = [¢).
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Bl State preparation: Given a classical description of a state [¢),

Entanglement

et construct a circuit, C, that prepares copies of [¢), i.e. C|0) = [¢).
MPS admit a nice solution of the form:

— ¥>

192 10> (o> 16> *** * 10>

where the U;s are k-qubit unitaries, with k = O (log x).
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Pure state tomography Given M copies of a state |¢), learn a classical
description of a state |¢) s.t. |¢) ~ [¢)
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MPS tomography
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Pure state tomography Given M copies of a state |¢), learn a classical
description of a state |¢) s.t. |¢) = [¢))

State tomography Given M copies of a state p, learn a classical
description of a state 0 s.t. o ~ p

For arbitrary, rank r states, M = © (r2")
As MPS can be prepared using these very structured circuits, we can use
this to help design a tomography algorithm.
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MPS tomography

New goal: Learn U}, Vi as |¢) < U,_»... U |0) satisfies |¢) ~ [1)).

T mwmimle o> To learn U} _,:
& AN

(1) run full state tomography on the last
k = O (log x) qubits of |¢) to get
Opn-2

(2) Use o, 5 to construct U, > where
U ono2Uno=10) (0| @&

(3) As 0z~ trg10) (0]

Un—o = Up_2
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MPS tomography
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Entanglement New goal: Learn U}, Vi as |¢) < U,_5... Uy |0) satisfies |p) = |1)).

rerouting

'E:_: T et ';» To learn Ul _,:
ad Pl (1) run full state tomography on the last
k = O (log x) qubits of |¢) to get
On-2
(2) Use o, 5 to construct U, > where
— Ur-20n-2Un2 = 0) (0@ 5

(3) As ona trpgll) (W],
Un—2 ~ Un—2
Repeat for UT UT,4, o UlT.
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Suppose you have a tensor network that represents a statebut it has some
S structure that is “prohibitive” e.g. the red (A, B) edge. Then we can
simplify the structure as follows
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represent the state, we define M as follows
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As is, M can be a “more expressive” tensor than M. To ensure we still
represent the state, we define M as follows

() ifi=j

M

This can be extended to more than one “midpoint”.
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Can be used to get a (potentially) better bond dimension when
representing arbitrary pure states as MPS.
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Uses of Entanglement rerouting

Can be used to get a (potentially) better bond dimension when
representing arbitrary pure states as MPS.

Can be used to learn a larger class of states with poly (n, x) samples.

Could be used to “restructure” states for representing/preparing
them on hardware with “limited” connectivity

Not just restricted to states, works for arbitrary tensor networks




Thanks for your attention!
Any questions?
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