
Quantum	computational	universality	of	
hypergraph	states	with		

Pauli-X	and	Z	basis	measurements	

Yuki	Takeuchi	
NTT	Communication	Science	Laboratories,	NTT	Corporation		

Joint	work	with	Tomoyuki	Morimae	(Kyoto)		
and	Masahito	Hayashi	(Nagoya,	SUSTech,	and	NUS)	

QIST2019@YITP	
11th	June,	2019		



Measurement-based	quantum	computation	

•  A	universal	quantum	computing	model		
					proposed	by	R.	Rasussebdorf	and	H.	J.	Briegel	in	2001.	
•  It	is	equivalent	to	the	quantum	circuit	model.	



Measurement-based	quantum	computation	

Step	1.	Prepare	a	universal	resource	state	(e.g.	2D	cluster	state).	
													(This	step	does	not	depend	on	what	we	want	to	compute.)	

•  A	universal	quantum	computing	model		
					proposed	by	R.	Rasussebdorf	and	H.	J.	Briegel	in	2001.	
•  It	is	equivalent	to	the	quantum	circuit	model.	

CZ
<latexit sha1_base64="QGuCZT/4DwDB14DhWaTi/gq7iiI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GOxF49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj+sxvP3JtRKzucZJwP6JDJULBKFrprv7QL1fcqjsH+Uu8nFQgR6Nf/uwNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmxyoCEsbalkMzVnxMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PJf0jqreudV9/aiUrvO4yjCERzDKXhwCTW4gQY0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPb0QtjS0=</latexit>

|+i ⌘
|0i+ |1i

p
2

<latexit sha1_base64="HsrrEpC8VraJ66Tgc8GF3Sj5Nhw=">AAACHXicbZDLSsNAFIYnXmu9RV26CRZBKJSkFnRZdOOygr1AE8pkOmmHTibpzEmhpH0RN76KGxeKuHAjvo3TNgtt/WHg4z/nzMz5/ZgzBbb9baytb2xubed28rt7+weH5tFxQ0WJJLROIh7Jlo8V5UzQOjDgtBVLikOf06Y/uJ3VmyMqFYvEA4xj6oW4J1jACAZtdczKpOhKLHqcunSYsJFLAolJOrEztzhxMpqmrhpKSMvTaccs2CV7LmsVnAwKKFOtY3663YgkIRVAOFaq7dgxeCmWwIi+Oe8misaYDHCPtjUKHFLlpfPtpta5drpWEEl9BFhz9/dEikOlxqGvO0MMfbVcm5n/1doJBNdeykScABVk8VCQcAsiaxaV1WWSEuBjDZhIpv9qkT7W8YAONK9DcJZXXoVGueRcluz7SqF6k8WRQ6foDF0gB12hKrpDNVRHBD2iZ/SK3own48V4Nz4WrWtGNnOC/sj4+gGhk6OA</latexit>



Measurement-based	quantum	computation	

•  A	universal	quantum	computing	model		
					proposed	by	R.	Rasussebdorf	and	H.	J.	Briegel	in	2001.	
•  It	is	equivalent	to	the	quantum	circuit	model.	

Step	1.	Prepare	a	universal	resource	state	(e.g.	2D	cluster	state).	
													(This	step	does	not	depend	on	what	we	want	to	compute.)	
Step	2.	Adaptively	measure	each	qubit	in	an	appropriate	basis.	
													(The	measurement	bases	decide	what	we	compute.)	



Measurement-based	quantum	computation	

•  A	universal	quantum	computing	model		
					proposed	by	R.	Rasussebdorf	and	H.	J.	Briegel	in	2001.	
•  It	is	equivalent	to	the	quantum	circuit	model.	

Step	1.	Prepare	a	universal	resource	state	(e.g.	2D	cluster	state).	
													(This	step	does	not	depend	on	what	we	want	to	compute.)	
Step	2.	Adaptively	measure	each	qubit	in	an	appropriate	basis.	
													(The	measurement	bases	decide	what	we	compute.)	
Step	3.	A	desired	output	state										is	prepared:)	

| f i
<latexit sha1_base64="8TAcbvY0GJgXmccnGkoEOfSQENE=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6atY7srunFZwT6gM5ZMmmlDM5khyShl7H+4caGIW//FnX9j+hBU9MCFwzn3cu89QcKZ0gh9WEvLK6tr67mN/ObW9s5uYW+/peJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDH127dUKhaLaz1OqB/hgWAhI1gb6ebeSxTrhZ7EYsBpr1BEdq2GKo4LkX2KUMmtGYLKparrQsdGMxTBAo1e4d3rxySNqNCEY6W6Dkq0n2GpGeF0kvdSRRNMRnhAu4YKHFHlZ7OrJ/DYKH0YxtKU0HCmfp/IcKTUOApMZ4T1UP32puJfXjfVYdXPmEhSTQWZLwpTDnUMpxHAPpOUaD42BBPJzK2QDLHERJug8iaEr0/h/6RVsp2yja4qxfr5Io4cOARH4AQ44AzUwSVogCYgQIIH8ASerTvr0XqxXuetS9Zi5gD8gPX2CVmgkxI=</latexit>

| f i
<latexit sha1_base64="0wrDLxYi8cvbV4jF/y5QwlUezgk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAby2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmAyrNY3lnRgn6Ee1LHnJGjZXunzqJ5t2wo6jsC+yWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nrx6TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEwiID2ukBkxsoQyxe2thA2ooszYoIo2BG/+5UXSOK14ZxX39rxcvcrjKMAhHMEJeHABVbiBGtSBgYJneIU359F5cd6dj1nrkpPPHMAfOJ8/64iSxg==</latexit>



Measurement-based	quantum	computation	
Step	1.	Prepare	a	universal	resource	state	(e.g.	2D	cluster	state).	
													(This	step	does	not	depend	on	what	we	want	to	compute.)	
Step	2.	Adaptively	measure	each	qubit	in	an	appropriate	basis.	
													(The	measurement	bases	decide	what	we	compute.)	
Step	3.	A	desired	output	state										is	prepared:)	| f i

<latexit sha1_base64="0wrDLxYi8cvbV4jF/y5QwlUezgk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAby2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmAyrNY3lnRgn6Ee1LHnJGjZXunzqJ5t2wo6jsC+yWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nrx6TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEwiID2ukBkxsoQyxe2thA2ooszYoIo2BG/+5UXSOK14ZxX39rxcvcrjKMAhHMEJeHABVbiBGtSBgYJneIU359F5cd6dj1nrkpPPHMAfOJ8/64iSxg==</latexit>

Step	2	is	the	only	online	operation	in	MBQC.	



Measurement-based	quantum	computation	
Step	1.	Prepare	a	universal	resource	state	(e.g.	2D	cluster	state).	
													(This	step	does	not	depend	on	what	we	want	to	compute.)	
Step	2.	Adaptively	measure	each	qubit	in	an	appropriate	basis.	
													(The	measurement	bases	decide	what	we	compute.)	
Step	3.	A	desired	output	state										is	prepared:)	| f i

<latexit sha1_base64="0wrDLxYi8cvbV4jF/y5QwlUezgk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAby2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmAyrNY3lnRgn6Ee1LHnJGjZXunzqJ5t2wo6jsC+yWym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nrx6TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asJLP+MySQ1KNlsUpoKYmEwiID2ukBkxsoQyxe2thA2ooszYoIo2BG/+5UXSOK14ZxX39rxcvcrjKMAhHMEJeHABVbiBGtSBgYJneIU359F5cd6dj1nrkpPPHMAfOJ8/64iSxg==</latexit>

Step	2	is	the	only	online	operation	in	MBQC.	

It	is	theoretically	and	experimentally	interesting	to	reduce	the		
necessary	number	of	measurement	bases	even	if	the	initial	state		
becomes	(slightly)	complex.	
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becomes	(slightly)	complex.	
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Resource state Measurement basis Class
Cluster state [15] X,Y, TXT † [16] graph state

Brickwork state [17] X,Y, TXT † [17] graph state
Triangular lattice state [18] X,Z,H,XHX [18] graph state

Raussendorf-Harrington-Goyal (RHG) lattice [19, 20] X,Y, Z, TXT † [20, 21] graph state
Decorated RHG lattice [22] X,Y, TXT † [22] graph state

Affleck-Kennedy-Lieb-Tasaki (AKLT) state [23, 24] qutrit bases [24] matrix-product state
Union Jack state [25] X,Y, Z [25] hypergraph state

Three-uniform hypergraph state [26] X,Y, Z [26] hypergraph state
Mølmer-Sørensen graph state [27] X,Z [27] weighted graph state

Our state X,Z hypergraph state

TABLE I: Required measurement bases for various universal resource states of MBQC. Here, H ≡ |+⟩⟨0| + |−⟩⟨1| and T ≡ |0⟩⟨0| +
eiπ/4|1⟩⟨1|, where |±⟩ ≡ (|0⟩ ± |1⟩)/

√
2. Operators X , Y , and Z are Pauli-X , Y , and Z operators, respectively. Hypergraph states are

generalizations of graph states (for details, see the “Hypergraph states” subsection in the Results section). Weighted graph states are other
generalizations of graph states [28].

by entangling the m hypergraph states |G1
3⟩⊗m, we construct

another hypergraph state |G1
n⟩ that can simulate one-depth

quantum computing on n input qubits, where m = poly(n).
Finally, by entangling the d hypergraph states |G1

n⟩⊗d, we
construct the hypergraph state |Gd

n⟩. In the proof of univer-
sality, we only use basic techniques of MBQC: an X-basis
measurement teleports a qubit (up to an Hadamard gate), and
a Z-basis measurement decouples a qubit.

Note that in this paper we require that a resource state is a
fixed state independent of the quantum circuit that we want to
implement, because otherwise we cannot enjoy the advantage
of MBQC. For example, universal quantum computing is pos-
sible with X and Z-basis measurements on Feynman-Kitaev
history states [33–35]. However, they cannot be generated
before the quantum circuit is fixed. (More trivially, no mea-
surement is required to simulate a quantum circuit U if our
“resource state” is U |0⟩⊗n.)

Furthermore, in order to demonstrate an advantage of our
hypergraph state, we propose a verifiable blind quantum com-
puting (VBQC) protocol in which the client only needs X
and Z-basis measurements. In VBQC, a client with compu-
tationally weak quantum devices delegates universal quantum
computing to a remote quantum server in such a way that the
client’s privacy (input, algorithm, and output) is information-
theoretically protected and at the same time the honesty of the
server is verifiable. In the original proposal of VBQC [36],
the client has to prepare ten kinds of single-qubit states at the
server’s side. Although this requirement for the client has al-
ready been reduced to the X and Z-basis measurements in
Ref. [37], our VBQC protocol is much simpler than it (for de-
tails, see the “Application” subsection in the Results section).

Results
This section is organized as follows: first, as preliminaries, we
review the definition of hypergraph states. second, as the main
result, we construct the universal hypergraph state that enables
universal quantum computing with X and Z-basis measure-
ments. Third, we discuss the verifiability of our hypergraph
state without assuming any i.i.d. property. Finally, we pro-
pose the VBQC protocol using our hypergraph state.

Hypergraph states. In this subsection, we review the defini-
tion of hypergraph states [38].

Definition 1 (Hypergraph states) Let G ≡ (V,E) be a hy-
pergraph, i.e. a pair of a set V of vertices and a set E of hy-
peredges, where the number |V | of vertices is n. A hyperedge
is a set of vertices. A hypergraph state |G⟩ corresponding to
G is defined as

|G⟩ ≡
(
∏

e∈E

C̃Ze

)
|+⟩⊗n,

where each |+⟩ state is placed on each vertex,

C̃Ze ≡
⊗

i∈e

Ii − 2
⊗

i∈e

|1⟩⟨1|i

is the generalized controlled-Z (CZ) gate acting on vertices
in the hyperedge e, and Ii is the two-dimensional identity gate
on the ith qubit.

Note that in this paper, we only consider hypergraph states
satisfying 2 ≤ |e| ≤ 3 for all e ∈ E, where |e| is the num-
ber of vertices in the hyperedge e, because such a restriction
is enough for the construction of our hypergraph state. When
|e| = 2 and 3, the generalized CZ gate becomes the conven-
tional CZ gate CZ ≡ |0⟩⟨0|⊗ I + |1⟩⟨1|⊗ Z and the CCZ
gate, respectively. Since the CCZ gate is a non-Clifford op-
eration, hypergraph states are out of the application range of
the Gottesman-Knill theorem.

Pauli-X and Z universal hypergraph state. In this subsec-
tion, we give an intuitive idea of how to construct the hy-
pergraph state |Gd

n⟩ that enables n-qubit d-depth universal
quantum computing with only adaptive X and Z-basis mea-
surements. First, we construct a small hypergraph state |G1

3⟩
that can simulate one-depth quantum computing on three in-
put qubits. Second, by entangling the m =

(n
3

)
small hyper-

graph states |G1
3⟩⊗m and several single- and two-qubit states,

we construct another hypergraph state |G1
n⟩ that can simulate

one-depth quantum computing on n input qubits. Finally, by
entangling the d hypergraph states |G1

n⟩⊗d and several single-
qubit states, we define the target hypergraph state |Gd

n⟩ on

Several	universal	resource	states	

Ø Hypergraph	state	

=	CCZ	

Ø Weighted	graph	state	
[Rossi	et	al.	‘13]	 [Hartmann	et	al.	‘07]	

Ø Graph	state	

=	|+〉	
=	CZ	

=		
=		
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[Hayashi-Takeuchi	‘19]	

e�i(⇡/4)Z⌦Z
<latexit sha1_base64="C8wWq/8dpv+84pnjz5VFt4Mk2xQ="></latexit><latexit sha1_base64="C8wWq/8dpv+84pnjz5VFt4Mk2xQ="></latexit><latexit sha1_base64="C8wWq/8dpv+84pnjz5VFt4Mk2xQ="></latexit><latexit sha1_base64="C8wWq/8dpv+84pnjz5VFt4Mk2xQ="></latexit>

Other	six	measurement	bases		
in	the	x-y	plane	of	the	Bloch	sphere	

X
<latexit sha1_base64="I/CYL8yVn02Tw3nXWWW3R4eAfng=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtmOM3g==</latexit>

＋	
[Morimae-Takeuchi-Hayashi		
‘17,	Miller-Sanders-Miyake		
‘17,	Takeuchi-Morimae	‘18,		
Zhu-Hayashi	‘18]	



Our	contribution	

We	have	constructed,	for	the	first	time,	a	universal	hypergraph	state	
that	achieves	
•  Universality	
•  Verifiability	
at	the	same	time	with	only	Pauli	X	and	Z-basis	measurements.	

Our	result:	

This	property	cannot	be	achieved	using	graph	states	
due	to	the	Gottesman-Knill	theorem.	

In	the	rest	of	this	presentation,	I	would	like	to	explain	(the	idea	of)		
how	to	construct	our	universal	hypergraph	state.		



X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

Our	universal	resource	state	

Idea	of	our	construction	

Ø  Fact	1:	Teleportation	&	Decoupling	

H| i
<latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit> Teleportation	

Decoupling	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit>



Our	universal	resource	state	

Ø  Fact	1:	Teleportation	&	Decoupling	

H| i
<latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit> Teleportation	

Decoupling	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit>

Ø  Fact	2:	Universal	gate	set	

{H,CCZ}
<latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit><latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit><latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit><latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit>

[Shi	‘02]	

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

Idea	of	our	construction	



Our	universal	resource	state	

Ø  Fact	1:	Teleportation	&	Decoupling	

H| i
<latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit><latexit sha1_base64="xuyVNTvwFN13hXYzCEGxAJ+x6EY="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit> Teleportation	

Decoupling	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit>

| i
<latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit><latexit sha1_base64="28XfF90KGOpdVx/Lk+dZsBxL2sE="></latexit>

Ø  Fact	2:	Universal	gate	set	

{H,CCZ}
<latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit><latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit><latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit><latexit sha1_base64="3ZF7ic4Acs5+cI6GQHXY+oapknA="></latexit>

[Shi	‘02]	

Our	goal:	Using	only	fact	1,	we	construct	a	hypergraph	state	that		
																		realizes	H,	CCZ,	and	I.	

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

Idea	of	our	construction	



Our	universal	resource	state	

Ø  Identity	gate	
Idea	of	our	construction	



Our	universal	resource	state	

Ø  Identity	gate	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Idea	of	our	construction	



Our	universal	resource	state	

Ø  Identity	gate	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

H
<latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit>

HH = I
<latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit>

Idea	of	our	construction	



Our	universal	resource	state	

Ø  Identity	gate	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

H
<latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit>

HH = I
<latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit>

Ø  Hadamard	gate	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>H

<latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit>

HH
<latexit sha1_base64="kwzyv9RF/H+YjwJjbKsQFqBXhg4="></latexit><latexit sha1_base64="kwzyv9RF/H+YjwJjbKsQFqBXhg4="></latexit><latexit sha1_base64="kwzyv9RF/H+YjwJjbKsQFqBXhg4="></latexit><latexit sha1_base64="kwzyv9RF/H+YjwJjbKsQFqBXhg4="></latexit>

HHH = H
<latexit sha1_base64="RXC6TsaCn8+I3//NqGDCGDffiNA="></latexit><latexit sha1_base64="RXC6TsaCn8+I3//NqGDCGDffiNA="></latexit><latexit sha1_base64="RXC6TsaCn8+I3//NqGDCGDffiNA="></latexit><latexit sha1_base64="RXC6TsaCn8+I3//NqGDCGDffiNA="></latexit>
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Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Idea	of	our	construction	



Our	universal	resource	state	
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Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

H
<latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit>

HH = I
<latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit>
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Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>X

<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

H
<latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit>

HH = I
<latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit>

H
<latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit><latexit sha1_base64="0oVyCPfsrRPrmCS5nRhzOMSsiKw="></latexit>

HH = I
<latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit><latexit sha1_base64="R4EgYhzsv/AgFnr/8kNs0iSD+WQ="></latexit>
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Ø One-depth	quantum	computing	on	three	input	qubits	
Three	output	qubits	

Three	input	qubits	

Idea	of	our	construction	



Our	universal	resource	state	

Ø One-depth	quantum	computing	on	three	input	qubits	
Three	output	qubits	(up	to	nonlocal	byproducts)	

Three	input	qubits	

•  Local	Pauli	byproduct	
				(ordinary	byproduct)	

X
<latexit sha1_base64="Quy0Xo3l0vflX7hdO9f8CjmI1WI=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3esFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3Xdi5s1PIqjatVHEVwAk7BOXBADTTADWiCNiCAggfwBJ6tO+vRerFel60FazVzDH7AevsEFoGNIA==</latexit>

Z
<latexit sha1_base64="6cDKqxxb9k8/t65Rc5UIzdk8jQI=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLToa27ohuXLdgHtkPJpJk2NpMZkoxQSr/AjQtF3PpJ7vwbM20FFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTK4yv3NPpWKxuNHThPoRHgkWMoK1kZq3g2IJ2Re1iutVILIRqjqukxG36pU96BglQwms0BgU3/vDmKQRFZpwrFTPQYn2Z1hqRjidF/qpogkmEzyiPUMFjqjyZ4tD5/DMKEMYxtKU0HChfp+Y4UipaRSYzgjrsfrtZeJfXi/VYc2fMZGkmgqyXBSmHOoYZl/DIZOUaD41BBPJzK2QjLHERJtsCiaEr0/h/6Tt2k7ZRk2vVL9cxZEHJ+AUnAMHVEEdXIMGaAECKHgAT+DZurMerRfrddmas1Yzx+AHrLdPGYmNIg==</latexit>

X
<latexit sha1_base64="Quy0Xo3l0vflX7hdO9f8CjmI1WI=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3esFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3Xdi5s1PIqjatVHEVwAk7BOXBADTTADWiCNiCAggfwBJ6tO+vRerFel60FazVzDH7AevsEFoGNIA==</latexit>

•  Nonlocal	byproduct	
X

<latexit sha1_base64="Quy0Xo3l0vflX7hdO9f8CjmI1WI=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3esFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3Xdi5s1PIqjatVHEVwAk7BOXBADTTADWiCNiCAggfwBJ6tO+vRerFel60FazVzDH7AevsEFoGNIA==</latexit>

X
<latexit sha1_base64="Quy0Xo3l0vflX7hdO9f8CjmI1WI=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK3esFxB9mW96npViGyEao7r5MSteRcedIySowJWaA7L74NRTNKICk04VqrvoET7GZaaEU7npUGqaILJFI9p31CBI6r8bHHoHJ4ZZQTDWJoSGi7U7xMZjpSaRYHpjLCeqN9eLv7l9VMd1v2MiSTVVJDlojDlUMcw/xqOmKRE85khmEhmboVkgiUm2mRTMiF8fQr/Jx3Xdi5s1PIqjatVHEVwAk7BOXBADTTADWiCNiCAggfwBJ6tO+vRerFel60FazVzDH7AevsEFoGNIA==</latexit>

Idea	of	our	construction	



Our	universal	resource	state	

Three	output	qubits	

Three	input	qubits	 The	graph	state	for	the		
correction	of	CZ1,2.	

Ø One-depth	quantum	computing	on	three	input	qubits	
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Our	universal	resource	state	

Three	output	qubits	

Three	input	qubits	 The	graph	state	for	the		
correction	of	CZ1,2.	

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

Z
<latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit><latexit sha1_base64="ixF3Nv4mlWzV4mwJ6/tc+vUVhwU="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
<latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit><latexit sha1_base64="s4dOPo4437QJ9/uQynLr3okt9cg="></latexit>

X
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The	case	where	CZ1,2	occurs	

Ø One-depth	quantum	computing	on	three	input	qubits	

Idea	of	our	construction	



Our	universal	resource	state	

Three	output	qubits	

Three	input	qubits	 The	graph	state	for	the		
correction	of	CZ1,2.	
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The	case	where	CZ1,2		
does	not	occur	

Ø One-depth	quantum	computing	on	three	input	qubits	

Idea	of	our	construction	



Our	universal	resource	state	

Three	output	qubits	

Three	input	qubits	 The	graph	state	for	the		
correction	of	nonlocal	byproducts.	

Ø One-depth	quantum	computing	on	three	input	qubits	

Idea	of	our	construction	



Conclusion	

2

Resource state Measurement basis Class
Cluster state [15] X,Y, TXT † [16] graph state

Brickwork state [17] X,Y, TXT † [17] graph state
Triangular lattice state [18] X,Z,H,XHX [18] graph state

Raussendorf-Harrington-Goyal (RHG) lattice [19, 20] X,Y, Z, TXT † [20, 21] graph state
Decorated RHG lattice [22] X,Y, TXT † [22] graph state

Affleck-Kennedy-Lieb-Tasaki (AKLT) state [23, 24] qutrit bases [24] matrix-product state
Union Jack state [25] X,Y, Z [25] hypergraph state

Three-uniform hypergraph state [26] X,Y, Z [26] hypergraph state
Mølmer-Sørensen graph state [27] X,Z [27] weighted graph state

Our state X,Z hypergraph state

TABLE I: Required measurement bases for various universal resource states of MBQC. Here, H ≡ |+⟩⟨0| + |−⟩⟨1| and T ≡ |0⟩⟨0| +
eiπ/4|1⟩⟨1|, where |±⟩ ≡ (|0⟩ ± |1⟩)/

√
2. Operators X , Y , and Z are Pauli-X , Y , and Z operators, respectively. Hypergraph states are

generalizations of graph states (for details, see the “Hypergraph states” subsection in the Results section). Weighted graph states are other
generalizations of graph states [28].

by entangling the m hypergraph states |G1
3⟩⊗m, we construct

another hypergraph state |G1
n⟩ that can simulate one-depth

quantum computing on n input qubits, where m = poly(n).
Finally, by entangling the d hypergraph states |G1

n⟩⊗d, we
construct the hypergraph state |Gd

n⟩. In the proof of univer-
sality, we only use basic techniques of MBQC: an X-basis
measurement teleports a qubit (up to an Hadamard gate), and
a Z-basis measurement decouples a qubit.

Note that in this paper we require that a resource state is a
fixed state independent of the quantum circuit that we want to
implement, because otherwise we cannot enjoy the advantage
of MBQC. For example, universal quantum computing is pos-
sible with X and Z-basis measurements on Feynman-Kitaev
history states [33–35]. However, they cannot be generated
before the quantum circuit is fixed. (More trivially, no mea-
surement is required to simulate a quantum circuit U if our
“resource state” is U |0⟩⊗n.)

Furthermore, in order to demonstrate an advantage of our
hypergraph state, we propose a verifiable blind quantum com-
puting (VBQC) protocol in which the client only needs X
and Z-basis measurements. In VBQC, a client with compu-
tationally weak quantum devices delegates universal quantum
computing to a remote quantum server in such a way that the
client’s privacy (input, algorithm, and output) is information-
theoretically protected and at the same time the honesty of the
server is verifiable. In the original proposal of VBQC [36],
the client has to prepare ten kinds of single-qubit states at the
server’s side. Although this requirement for the client has al-
ready been reduced to the X and Z-basis measurements in
Ref. [37], our VBQC protocol is much simpler than it (for de-
tails, see the “Application” subsection in the Results section).

Results
This section is organized as follows: first, as preliminaries, we
review the definition of hypergraph states. second, as the main
result, we construct the universal hypergraph state that enables
universal quantum computing with X and Z-basis measure-
ments. Third, we discuss the verifiability of our hypergraph
state without assuming any i.i.d. property. Finally, we pro-
pose the VBQC protocol using our hypergraph state.

Hypergraph states. In this subsection, we review the defini-
tion of hypergraph states [38].

Definition 1 (Hypergraph states) Let G ≡ (V,E) be a hy-
pergraph, i.e. a pair of a set V of vertices and a set E of hy-
peredges, where the number |V | of vertices is n. A hyperedge
is a set of vertices. A hypergraph state |G⟩ corresponding to
G is defined as

|G⟩ ≡
(
∏

e∈E

C̃Ze

)
|+⟩⊗n,

where each |+⟩ state is placed on each vertex,

C̃Ze ≡
⊗

i∈e

Ii − 2
⊗

i∈e

|1⟩⟨1|i

is the generalized controlled-Z (CZ) gate acting on vertices
in the hyperedge e, and Ii is the two-dimensional identity gate
on the ith qubit.

Note that in this paper, we only consider hypergraph states
satisfying 2 ≤ |e| ≤ 3 for all e ∈ E, where |e| is the num-
ber of vertices in the hyperedge e, because such a restriction
is enough for the construction of our hypergraph state. When
|e| = 2 and 3, the generalized CZ gate becomes the conven-
tional CZ gate CZ ≡ |0⟩⟨0|⊗ I + |1⟩⟨1|⊗ Z and the CCZ
gate, respectively. Since the CCZ gate is a non-Clifford op-
eration, hypergraph states are out of the application range of
the Gottesman-Knill theorem.

Pauli-X and Z universal hypergraph state. In this subsec-
tion, we give an intuitive idea of how to construct the hy-
pergraph state |Gd

n⟩ that enables n-qubit d-depth universal
quantum computing with only adaptive X and Z-basis mea-
surements. First, we construct a small hypergraph state |G1

3⟩
that can simulate one-depth quantum computing on three in-
put qubits. Second, by entangling the m =

(n
3

)
small hyper-

graph states |G1
3⟩⊗m and several single- and two-qubit states,

we construct another hypergraph state |G1
n⟩ that can simulate

one-depth quantum computing on n input qubits. Finally, by
entangling the d hypergraph states |G1

n⟩⊗d and several single-
qubit states, we define the target hypergraph state |Gd

n⟩ on
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We	have	constructed,	for	the	first	time,	a	universal	hypergraph	state	
that	achieves	
•  Universality	
•  Verifiability	
at	the	same	time	with	only	Pauli	X	and	Z-basis	measurements.	


