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Gottfried Wilhelm Leibniz, 1690
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Methfesselstr. 7 in Berlin-Kreuzberg

Zuse family



Konrad Zuse 
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Konrad Zuse 
(1910-1995)

clock frequency  – about 5 Hertz

word length – 22 bit

addition ~ 0,8  seconds 
multiplication ~ 3 seconds

power intake – some 4000W
weight – about 1 ton
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Konrad Zuse 
(1910-1995)

vacuum tube computing

bugs ?!
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transistor

AT&T Bell Labs, 1947

mechanical computer

digital computer



transistor computing

John von Neumann & MANIAC, Los Alamos

Edward Teller & IBM mainframe, Berkeley

Cray X-MP/28 supercomputer, ETH Zürich
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supercomputer “off the shelf” – JUPITER

November 2024, research center Jülich
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analog

digital

analog quantum simulators

digital quantum computers

                           digital revolution   
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Max-Planck Institut for quantum optics, Munich
since about 2000 

analog quantum simulators
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Google’s Willow chip (December 2024)

Microsoft’s Majorana 1 chip (February 2025)

analog quantum simulators

digital quantum computers
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quantum computing today – “NISQ”

noisy intermediate
scale quantum
devices

IBM’s Eagle generation — 127 qubits

IBM

Google’s Willow chip — 105 qubits

An experimental pivot from of a few pristine qubits  

to the realization of circuit architectures of 50 … 1000 qubits  

but tolerating a significant level of imperfections. 

http://www.thp.uni-koeln.de/trebst/
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IBM’s Eagle generation — 127 qubits

IBM
27 qubits


(2019)

65 qubits

(2020)

127 qubits

(2021)

433 qubits

(2022)

1121 qubits

(2023)

30 pt

An experimental pivot from of a few pristine qubits  

to the realization of circuit architectures of 50 … 1000 qubits  

but tolerating a significant level of imperfections. 

quantum computing today – “NISQ”

http://www.thp.uni-koeln.de/trebst/
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27 qubits

(2019)

65 qubits

(2020)

127 qubits

(2021)

433 qubits

(2022)

1121 qubits

(2023)

quantum computing today – cloud computing

http://www.thp.uni-koeln.de/trebst/
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the “killer app” of quantum computing?

Paul Benioff, 1980 
Quantum-Turing machine

Yuri Manin, 1980 
Computable and Uncomputable

Richard Feynman, 1981 
Quantum Computer

“ If you want to make a simulation of nature, you’d better make it quantum mechanical,  
and by golly it’s a wonderful problem, because it doesn’t look so easy. ”

— Richard Feynman, 1981

http://www.thp.uni-koeln.de/trebst/
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conventional computer & circuits
processor / computer chip

electrical circuit logical circuit

XOR
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1j iL ¼
1ffiffiffi
2

p ð 0101j iþ 1010j iÞ ð5Þ

To encode quantum information in the logical subspace, we ini-
tialize the data qubits in a separable state, chosen such that after a 
single cycle of stabilizer measurements, and conditioned on ancilla 
measurement outcomes being |0〉, the data qubits are encoded into 
the target logical qubit state. In this work, we demonstrate this 
probabilistic preparation scheme for the logical states |0〉L, |1〉L, 
þj iL ¼ ð 0j iL þ 1j iLÞ=

ffiffiffi
2

p

I
 and !j iL ¼ ð 0j iL ! 1j iLÞ=

ffiffiffi
2

p

I
, and we 

perform repeated error detection on these states.

Implementation of the surface code
The distance-2 surface code, as discussed above, can be realized 
with a set of seven qubits laid out as depicted in Fig. 1a. The logical 
qubit is encoded into four data qubits (D1–D4), and three ancilla 
qubits (A1–A3) are used to measure the three stabilizers ZD1ZD3, 
XD1XD2XD3XD4 and ZD2ZD4, respectively. We initially herald all qubits 
in the |0〉 state41,42 and subsequently prepare the data qubits in a 
product state using single-qubit rotations around the y axis. These 
initial states are then projected onto the code space after the initial 
stabilizer measurement cycle.

We perform the XD1XD2XD3XD4 stabilizer measurement by first 
applying basis change pulses (Ry

π/2) on the data qubits to map the 
X basis to the Z basis. Then we perform the entangling gates as in 
Fig. 1b and finally we revert the basis change. The measurement of 
A2 will therefore yield the |0〉 state (|1〉 state) corresponding to the 
eigenvalue +1 (−1) of the stabilizer XD1XD2XD3XD4. While the mea-
surement pulse for A2 is still being applied, we perform the ZD1ZD3 
and ZD2ZD4 stabilizer measurements simultaneously using the ancilla 
qubits A1 and A3, respectively. To avoid unwanted interactions dur-
ing entangling gate operations, we operate the surface code using 
a pipelined approach similar to the scheme introduced by Versluis 
et al.40, for which we perform X-type and Z-type stabilizer measure-
ments sequentially (Fig. 1b and Supplementary Information). The 
cycle is repeated after this step, and after N stabilizer measurement 
cycles we perform state tomography of the data qubits.

The gate sequence described above is implemented on the 
seven-qubit superconducting quantum device shown in Fig. 2a; see 
Methods for fabrication details and Supplementary Information for 
device parameters. Each qubit (yellow) is a single-island transmon 

qubit43 and features an individual flux line (green) for frequency 
tuning and an individual charge line (pink) for single-qubit gates. 
Additionally, each qubit is coupled to a readout resonator (red) 
combined with an individual Purcell filter (blue). The Purcell filters  
protect against qubit decay into the readout circuit44 and suppress 
readout crosstalk such that multiplexed ancilla measurements  
can be performed without detrimental effects on the data qubits37. 
Each Purcell filter is coupled to a feedline, and we perform all mea-
surements by probing each feedline with a frequency-multiplexed 
readout pulse37; see Supplementary Information for a complete 
characterization of the readout. The qubits are coupled to each 
other via 1.5-mm-long coplanar waveguide segments (cyan) as dis-
played in Fig. 1a. The surface code, when implemented with seven 
physical qubits, requires the central ancilla qubit to connect to four 
neighbours. The qubit island shape, shown in Fig. 2b, is designed to 
facilitate coupling to a readout resonator and four two-qubit cou-
plers. To ensure a closed ground plane around the qubit island, each 
coupler element crosses the ground plane with an airbridge (white). 
We install the device in a cryogenic measurement set-up45 (Methods 
and Extended Data Fig. 1), and we characterize and benchmark the 
device using time-domain and randomized benchmarking methods 
as detailed in Supplementary Information.

Quantum error detection
Changes in the outcome of repeated stabilizer measurements, also 
referred to as syndromes, signal the occurrence of an error. It is 
thus critical to directly verify the ability to measure the multiqubit 
stabilizers using the ancilla readout46. We characterize the perfor-
mance of the ancilla-based stabilizer checks by explicitly measur-
ing the weight-4 stabilizer as well as the two weight-2 stabilizers. 
For this purpose, we initialize the data qubits in each of the com-
putational basis states and map their parity onto the corresponding 
ancilla qubit. As the natural measurement basis for the dispersive 
readout of superconducting qubits is the Z basis, we perform this 
characterization measurement in the Z basis for all three stabilizers, 
without adding the basis change pulses to turn the Z-parity mea-
surement into an X-parity measurement. For the implementation 
of the full surface code sequence depicted in Fig. 1b, we apply the 
necessary basis rotation gates on all four data qubits to perform the 
weight-4 stabilizer check in the X basis, and then return to the Z 
basis by reversing the basis change. For each stabilizer, the other 
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Fig. 1 | Surface code implemented with seven qubits. a, The surface code consists of a two-dimensional array of qubits. Here the data qubits are shown in 
red and the ancilla qubits for measuring X-type (Z-type) stabilizers in blue (green). The smallest surface code consists of seven qubits indicated by D1–D4 
and A1–A3. b, The gate sequence for quantum error detection using the surface code with seven physical qubits. Details of the gate sequence are discussed 
in the text.
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quantum computer & circuits
quantum processor

logical bits = quantum bits

electrical circuit

1.5 The art of quantum computing

(a) (b) (c)

Figure 1.1 – Transmon hardware. (a) Dilution refrigerator used to house and thermalize the actual processor
that is located on the bottom side and cooled down to about 10 mK. The tangle of wires that travel vertically
transmit the signals for qubit manipulation and readout. Figure taken from Ref. [103] with permission. (b)
Electrical circuit of a seven-transmon processor, showing the hardware required for single- and two-qubit gates
and readout. The transmons are shown in yellow. Figure taken from Ref. [108] with permission. The two panels
illustrate that a quantum computer requires many hardware components to intertwine. In contrast, our model,
cartoonishly shown in (c), neglects all processor functionalities and the associated noise and perturbations and
considers perfect qubits with nearest-neighbor coupling, indicated by the blue lines.

1.5 The art of quantum computing

In the 1990s, Rolf Landauer suggested a mandatory footnote for all papers on quantum comput-
ing: “This proposal, like all proposals for quantum computation, relies on speculative technology,
does not in its current form take into account all possible sources of noise, unreliability and man-
ufacturing error, and probably will not work.” [96]. As shown, the current situation is not quite
as bleak, but operating even a small quantum computer remains a Brobdingnagian task and
demands a whole bundle of technologies to operate seamlessly together, including the actual
processor, readout and control electronics, and control software. Figs. 1.1(a) and (b) give an
impression of the complexity of the task, see the caption for details.

When scaling up to a larger number of qubits, some problems become more pressing, and
others emerge anew: Most importantly, a fault-tolerant computer requires improvements in
coherence times, gate fidelities, and readout errors, which needs progress in engineering and
material science [97], and demands a deeper theoretical understanding of gate Hamiltonians and
new tools to validate gate fidelities [36, 72, 98]. Furthermore, scaling up is only possible if
transmon fabrication and cryogenics techniques are improved [99, 100] and nonplanar packaging
techniques [101, 102], i.e., arranging circuit elements in multiple layers, are refined. Another
major problem is that processors require a tangle of cables, resulting in a vast bulk of wiring
even for small devices when each qubit uses separate sets of control and readout electronics.
Hardware-saving technologies like multiplex readout, where one line is used for several qubits,
must be brought to full fruition, and the list goes on [70, 103]. Danger also threatens from
unexpected directions: recently, it was shown that cosmic rays could be a veritable obstacle for
a large-scale quantum computer [104].

Progress has been made in some of these challenges (for example, IBM’s ‘Eagle’ processor
employs features of 3D integration and multiplex readout [105]), but a plethora of problems
remains unresolved, see Refs. [106, 107] for a concise summary. It is estimated that quantum
computers with more than ⇠ 1,000 qubits cannot be realized with current technology. A processor
with 106–107 qubits cannot be built by refining existing methods but requires groundbreaking
new ideas.
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<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1

<latexit sha1_base64="Ef5o4OMEht8l+Lx0sT/nFrQGOZk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSw+0XS47t3mQgjl12DC5XpExc25mjBEvU+8WP3iBiSYChZoIq1XWdWHsplZozgbNCL1EYUzahI+waGtIAlZfOD52RM6MMyDCSpkJN5ur3iZQGSk0D33QGVI/Vby8T//K6iR5eeykP40RjyBaLhokgOiLZ12TAJTItpoZQJrm5lbAxlZRpk03BhLD6lPxPWmXbrdiVxkWpWlvGkYcTOIVzcOEKqlCDOjSBAcIjPMOLdW89Wa/W26I1Zy1njuEHrPcv09qM/w==</latexit>

1
<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0

AND

<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="nmp2LeoVNQa4XKw6zOsWmFWy1MI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSo9EvlhzbvclAHLvsGFyuSJm4tjNHCZao94sfvUHEkgBDzQRVqus6sfZSKjVnAmeFXqIwpmxCR9g1NKQBKi+dHzojZ0YZkGEkTYWazNXvEykNlJoGvukMqB6r314m/uV1Ez289lIexonGkC0WDRNBdESyr8mAS2RaTA2hTHJzK2FjKinTJpuCCWH1KfmftMq2W7ErjYtStbaMIw8ncArn4MIVVKEGdWgCA4RHeIYX6956sl6tt0VrzlrOHMMPWO9fBGmNHw==</latexit>

Q

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1

<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0
<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0
<latexit sha1_base64="Ef5o4OMEht8l+Lx0sT/nFrQGOZk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSw+0XS47t3mQgjl12DC5XpExc25mjBEvU+8WP3iBiSYChZoIq1XWdWHsplZozgbNCL1EYUzahI+waGtIAlZfOD52RM6MMyDCSpkJN5ur3iZQGSk0D33QGVI/Vby8T//K6iR5eeykP40RjyBaLhokgOiLZ12TAJTItpoZQJrm5lbAxlZRpk03BhLD6lPxPWmXbrdiVxkWpWlvGkYcTOIVzcOEKqlCDOjSBAcIjPMOLdW89Wa/W26I1Zy1njuEHrPcv09qM/w==</latexit>

1

logical gates

conventional gates quantum gates

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1
CNOT

A

B

A’

B’

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B

ZZ parity

A

B

A’

B’

<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

HADAMARD

A A’H
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="RsLo2Jkq/tYsYvgYLp6DuYJoXdA=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCGFStOqu6MZlBfuANpTJdNIOnUzCzEQoacFfceNCEbd+hzv/xkmbgooeuHA4517uvcePOVMaoU9rYXFpeWW1sFZc39jc2rZ3dhsqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IfXmd+8p1KxSNzpUUy9EPcFCxjB2khde3+MOhKLPqfwBI7dnHftEnLcywwQOWVkcDYnZeg6aIoSyFHr2h+dXkSSkApNOFaq7aJYeymWmhFOJ8VOomiMyRD3adtQgUOqvHR6/gQeGaUHg0iaEhpO1e8TKQ6VGoW+6QyxHqjfXib+5bUTHVx4KRNxoqkgs0VBwqGOYJYF7DFJieYjQzCRzNwKyQBLTLRJrGhCmH8K/yeNsuNWnMrtaal6lcdRAAfgEBwDF5yDKrgBNVAHBKTgETyDF+vBerJerbdZ64KVz+yBH7DevwBwkZUv</latexit>

|0→+ |1→
<latexit sha1_base64="/GXZLU3sEDgLJyHeYXQMwHtGxTY=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgxjApWnVXdOOygn1AG8pkOmmHTiZhZiKUtOCvuHGhiFu/w51/46RNQUUPXDiccy/33uPHnCmN0Ke1sLi0vLJaWCuub2xubds7uw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+sPrzG/eU6lYJO70KKZeiPuCBYxgbaSuvT9GHYlFn1N4Asduzrt2CTnuZQaInDIyOJuTMnQdNEUJ5Kh17Y9OLyJJSIUmHCvVdlGsvRRLzQink2InUTTGZIj7tG2owCFVXjo9fwKPjNKDQSRNCQ2n6veJFIdKjULfdIZYD9RvLxP/8tqJDi68lIk40VSQ2aIg4VBHMMsC9pikRPORIZhIZm6FZIAlJtokVjQhzD+F/5NG2XErTuX2tFS9yuMogANwCI6BC85BFdyAGqgDAlLwCJ7Bi/VgPVmv1tusdcHKZ/bAD1jvX3OtlTE=</latexit>

|0→ ↑ |1→

<latexit sha1_base64="Gp77zF/lNY4wQUQR0ucRJ7ZUlIk=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBZBEEJStOpBKHrxWMG2QhvKZjtpl242cXdTKLG/w4sHRbz6Y7z5b9z0A1T0wcDjvRlm5vkxZ0o7zqeVW1hcWl7JrxbW1jc2t4rbOw0VJZJCnUY8knc+UcCZgLpmmsNdLIGEPoemP7jK/OYQpGKRuNWjGLyQ9AQLGCXaSN4FfsBHuC2J6HHoFEuO7Z5nwI5ddgxO5qSMXduZoIRmqHWKH+1uRJMQhKacKNVynVh7KZGaUQ7jQjtREBM6ID1oGSpICMpLJ0eP8YFRujiIpCmh8UT9PpGSUKlR6JvOkOi++u1l4l9eK9HBmZcyEScaBJ0uChKOdYSzBHCXSaCajwwhVDJzK6Z9IgnVJqeCCWH+Kf6fNMq2W7ErN8el6uUsjjzaQ/voELnoFFXRNaqhOqLoHj2iZ/RiDa0n69V6m7bmrNnMLvoB6/0Lji6RWQ==</latexit>

= |+→
<latexit sha1_base64="cFzO/r9J6UQyPlIeCpZPpC/MiOY=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBiyEpWvUgFL14rGBboQ1ls520SzebuLsplNjf4cWDIl79Md78N276ASr6YODx3gwz8/yYM6Ud59PKLSwuLa/kVwtr6xubW8XtnYaKEkmhTiMeyTufKOBMQF0zzeEulkBCn0PTH1xlfnMIUrFI3OpRDF5IeoIFjBJtJO8CP+Aj3JZE9Dh0iiXHds8zYMcuOwYnc1LGru1MUEIz1DrFj3Y3okkIQlNOlGq5Tqy9lEjNKIdxoZ0oiAkdkB60DBUkBOWlk6PH+MAoXRxE0pTQeKJ+n0hJqNQo9E1nSHRf/fYy8S+vlejgzEuZiBMNgk4XBQnHOsJZArjLJFDNR4YQKpm5FdM+kYRqk1PBhDD/FP9PGmXbrdiVm+NS9XIWRx7toX10iFx0iqroGtVQHVF0jx7RM3qxhtaT9Wq9TVtz1mxmF/2A9f4FkUaRWw==</latexit>

= |→↑

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="M0IDQQ+/y/GeEU8diIYVhIs3sE8=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBZBKISkaNVb0YvHCtYWmlA22027dLMJuxuhxP4NLx4U8eqf8ea/cdMPUNEHA4/3ZpiZFyScKe04n1ZhaXllda24XtrY3NreKe/u3ak4lYS2SMxj2QmwopwJ2tJMc9pJJMVRwGk7GF3lfvueSsVicavHCfUjPBAsZARrI3kPqFpFnsRiwGmvXHFs9yIHcuyaY3C6IDXk2s4UFZij2St/eP2YpBEVmnCsVNd1Eu1nWGpGOJ2UvFTRBJMRHtCuoQJHVPnZ9OYJOjJKH4WxNCU0mqrfJzIcKTWOAtMZYT1Uv71c/Mvrpjo89zMmklRTQWaLwpQjHaM8ANRnkhLNx4ZgIpm5FZEhlphoE1PJhLD4FP1P7mq2W7frNyeVxuU8jiIcwCEcgwtn0IBraEILCCTwCM/wYqXWk/Vqvc1aC9Z8Zh9+wHr/AhtPkR0=</latexit>

|++→
<latexit sha1_base64="H8EozkwjbNELZdsenVpgwXv4co0=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1oEQRkyRavuim5cVrAXaIeSSTNtaCYzJBmhTLt346u4caGIW1/AnW9jphdQ0R8Sfr5zDsn5/ZgzpRH6tBYWl5ZXVnNr+fWNza1te2e3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJXVG3dUKhaJWz2MqRfinmABI1gb1LELI4hg+zi7JBY9TuERHEHXEHdOOnYROe5FJoicEjI6nZsSdB00URHMVO3YH+1uRJKQCk04Vqrlolh7KZaaEU7H+XaiaIzJAPdoy1iBQ6q8dLLLGB4Y0oVBJM0RGk7o94kUh0oNQ990hlj31e9aBv+qtRIdnHspE3GiqSDTh4KEQx3BLBjYZZISzYfGYCKZ+SskfSwx0Sa+vAlhvin839RLjlt2yjcnxcrlLI4c2AcFcAhccAYq4BpUQQ0QcA8ewTN4sR6sJ+vVepu2LlizmT3wQ9b7FySTmAI=</latexit>

|0 0→+ |1 1→
<latexit sha1_base64="/WWM48gheK7H4OSG769X/2P6MjE=">AAACC3icdZDLSgMxFIYzXmu9jbp0c2gRBGXIFK26K7pxWcFeoC0lk6ZtaCYzJBmhtN278VXcuFDErS/gzrcxvYGK/hD4+c45nJw/iAXXBuNPZ2FxaXllNbWWXt/Y3Np2d3bLOkoUZSUaiUhVA6KZ4JKVDDeCVWPFSBgIVgl6V+N65Y4pzSN5a/oxa4SkI3mbU2IsarqZIWCoH4MPdUVkRzA4giH4luA5abpZ7PkXYwH2ctjqdG5y4Ht4oiyaqdh0P+qtiCYhk4YKonXNx7FpDIgynAo2StcTzWJCe6TDatZKEjLdGExuGcGBJS1oR8o+aWBCv08MSKh1PwxsZ0hMV/+ujeFftVpi2ueNAZdxYpik00XtRICJYBwMtLhi1Ii+NYQqbv8KtEsUocbGl7YhzC+F/0055/l5L39zki1czuJIoX2UQYfIR2eogK5REZUQRffoET2jF+fBeXJenbdp64Izm9lDP+S8fwEkpZgC</latexit>

|0 1→+ |1 0→

quantum superposition quantum entanglement

http://www.thp.uni-koeln.de/trebst/
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ZZ parity checks – joint measurements

<latexit sha1_base64="xdOYoNKTHnwC3YmQsuS/VNS8tvY=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbNBo94CXnKMYB6wWcLspDcZMju7zMwKIeYzvHhQxKtf482/cTYPUNGChqKqm+6uMBVcG0I+nZXVtfWNzcJWcXtnd2+/dHDY0kmmGDRZIhLVCakGwSU0DTcCOqkCGocC2uHoJvfb96A0T+SdGacQxHQgecQZNVbyHzDBXUXlQECvVCaud50DE7dCLC6WpII9l8xQRgs0eqWPbj9hWQzSMEG19j2SmmBCleFMwLTYzTSklI3oAHxLJY1BB5PZyVN8apU+jhJlSxo8U79PTGis9TgObWdMzVD/9nLxL8/PTHQVTLhMMwOSzRdFmcAmwfn/uM8VMCPGllCmuL0VsyFVlBmbUtGGsPwU/09aFderutXb83KtvoijgI7RCTpDHrpENVRHDdREDCXoET2jF8c4T86r8zZvXXEWM0foB5z3L7yHkPM=</latexit>

|0→
<latexit sha1_base64="J7U5i6VeoTqcYwXesRCAJYzeYno=">AAAB9HicdVDLSsNAFL2pr1pfVZduBovgKiRFq+4KbrqsYB/QhjKZTtqhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR7eZ35pQqVgk7vU0pl6IB4IFjGBtJO8BjXsu6kosBpz2iiXHdm8yIMcuOwaXK1JGru3MUYIl6r3iR7cfkSSkQhOOleq4Tqy9FEvNCKezQjdRNMZkhAe0Y6jAIVVeOj96hs6M0kdBJE0Jjebq94kUh0pNQ990hlgP1W8vE//yOokOrr2UiTjRVJDFoiDhSEcoSwD1maRE86khmEhmbkVkiCUm2uRUMCGsPkX/k2bZdit25e6iVK0t48jDCZzCObhwBVWoQR0aQGAMj/AML9bEerJerbdFa85azhzDD1jvX0xckdg=</latexit>

|q1→
<latexit sha1_base64="HnQcuYJ6hj0A7HzcC+k+qJr09mc=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKiVXcFN11WsA9oQ5lMb9qhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3WZ+awJSsUjc62kMXkgGggWMEm0k7wGPe2XclUQMOPSKJcd2bzJgxy47BpcrUsau7cxRQkvUe8WPbj+iSQhCU06U6rhOrL2USM0oh1mhmyiICR2RAXQMFSQE5aXzo2f4zCh9HETSlNB4rn6fSEmo1DT0TWdI9FD99jLxL6+T6ODaS5mIEw2CLhYFCcc6wlkCuM8kUM2nhhAqmbkV0yGRhGqTU8GEsPoU/0+aZdut2JW7i1K1towjj07QKTpHLrpCVVRDddRAFI3RI3pGL9bEerJerbdFa85azhyjH7DevwBN6JHZ</latexit>

|q2→

<latexit sha1_base64="SCSP+rVNPqy1mWLKmn5nJ8cSz2A=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno06y3gJccEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLIKKPih4vFdFVT0vFlxpQj6szMbm1vZOdje3t39weJQ/PumoKJEM2iwSkex5VIHgIbQ11wJ6sQQaeAK63vRm4XfvQSoehbd6FoMb0HHIfc6oNlJLDfMFYpNykdRKmNgl4lSvnRWpVSrYsckSBbRGc5h/H4wilgQQaiaoUn2HxNpNqdScCZjnBomCmLIpHUPf0JAGoNx0eegcXxhlhP1Imgo1XqrfJ1IaKDULPNMZUD1Rv72F+JfXT7RfdVMexomGkK0W+YnAOsKLr/GIS2BazAyhTHJzK2YTKinTJpucCeHrU/w/6VzZTtkut4qFemMdRxadoXN0iRxUQXXUQE3URgwBekBP6Nm6sx6tF+t11Zqx1jOn6Aest09KiI1P</latexit>s
<latexit sha1_base64="Dn5L3T06XaSkziDLwYXY79ioYV8=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRBq+4KbrqsYB/QhDCZTtqhk0mcmQglFjf+ihsXirj1K9z5N076ABU9MHA45x7u3BOmjEpl25/GwuLS8spqaa28vrG5tW3u7LZkkglMmjhhieiESBJGOWkqqhjppIKgOGSkHQ4vC799S4SkCb9Wo5T4MepzGlGMlJYCc//OS7RfxHN4E7gQjj2BeJ+RwKzYlnNRANqWa2uczokLHcueoAJmaATmh9dLcBYTrjBDUnYdO1V+joSimJFx2cskSREeoj7paspRTKSfT04YwyOt9GCUCP24ghP1eyJHsZSjONSTMVID+dsrxL+8bqaicz+nPM0U4Xi6KMoYVAks+oA9KghWbKQJwoLqv0I8QAJhpVsr6xLml8L/Scu1nKpVvTqp1OqzOkrgAByCY+CAM1ADddAATYDBPXgEz+DFeDCejFfjbTq6YMwye+AHjPcvNciXWg==</latexit>

|q2→
<latexit sha1_base64="irQFpf1wDuMMfYnRKE6CEltA0HU=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapgpWnVXcNNlBfuAdhgyaaYNzSRjkhHKWNz4K25cKOLWr3Dn35jpA1T0QOBwzj3c3BMmjCrtup/WwuLS8spqYa24vrG5tW3v7DaVSCUmDSyYkO0QKcIoJw1NNSPtRBIUh4y0wuFl7rduiVRU8Gs9Sogfoz6nEcVIGymw9++6wvh5PIM3gQfhuCsR7zMS2CXX8S5yQNcpuwanc1KGnuNOUAIz1AP7o9sTOI0J15ghpTqem2g/Q1JTzMi42E0VSRAeoj7pGMpRTJSfTU4YwyOj9GAkpHlcw4n6PZGhWKlRHJrJGOmB+u3l4l9eJ9XRuZ9RnqSacDxdFKUMagHzPmCPSoI1GxmCsKTmrxAPkERYm9aKpoT5pfB/0iw7XsWpXJ2UqrVZHQVwAA7BMfDAGaiCGqiDBsDgHjyCZ/BiPVhP1qv1Nh1dsGaZPfAD1vsXNDqXWQ==</latexit>

|q1→

data qubits

aux. qubit

measurement

ZZ parity check

<latexit sha1_base64="J7U5i6VeoTqcYwXesRCAJYzeYno=">AAAB9HicdVDLSsNAFL2pr1pfVZduBovgKiRFq+4KbrqsYB/QhjKZTtqhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR7eZ35pQqVgk7vU0pl6IB4IFjGBtJO8BjXsu6kosBpz2iiXHdm8yIMcuOwaXK1JGru3MUYIl6r3iR7cfkSSkQhOOleq4Tqy9FEvNCKezQjdRNMZkhAe0Y6jAIVVeOj96hs6M0kdBJE0Jjebq94kUh0pNQ990hlgP1W8vE//yOokOrr2UiTjRVJDFoiDhSEcoSwD1maRE86khmEhmbkVkiCUm2uRUMCGsPkX/k2bZdit25e6iVK0t48jDCZzCObhwBVWoQR0aQGAMj/AML9bEerJerbdFa85azhzDD1jvX0xckdg=</latexit>

|q1→
<latexit sha1_base64="HnQcuYJ6hj0A7HzcC+k+qJr09mc=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKiVXcFN11WsA9oQ5lMb9qhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3WZ+awJSsUjc62kMXkgGggWMEm0k7wGPe2XclUQMOPSKJcd2bzJgxy47BpcrUsau7cxRQkvUe8WPbj+iSQhCU06U6rhOrL2USM0oh1mhmyiICR2RAXQMFSQE5aXzo2f4zCh9HETSlNB4rn6fSEmo1DT0TWdI9FD99jLxL6+T6ODaS5mIEw2CLhYFCcc6wlkCuM8kUM2nhhAqmbkV0yGRhGqTU8GEsPoU/0+aZdut2JW7i1K1towjj07QKTpHLrpCVVRDddRAFI3RI3pGL9bEerJerbdFa85azhyjH7DevwBN6JHZ</latexit>

|q2→
<latexit sha1_base64="Dn5L3T06XaSkziDLwYXY79ioYV8=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRBq+4KbrqsYB/QhDCZTtqhk0mcmQglFjf+ihsXirj1K9z5N076ABU9MHA45x7u3BOmjEpl25/GwuLS8spqaa28vrG5tW3u7LZkkglMmjhhieiESBJGOWkqqhjppIKgOGSkHQ4vC799S4SkCb9Wo5T4MepzGlGMlJYCc//OS7RfxHN4E7gQjj2BeJ+RwKzYlnNRANqWa2uczokLHcueoAJmaATmh9dLcBYTrjBDUnYdO1V+joSimJFx2cskSREeoj7paspRTKSfT04YwyOt9GCUCP24ghP1eyJHsZSjONSTMVID+dsrxL+8bqaicz+nPM0U4Xi6KMoYVAks+oA9KghWbKQJwoLqv0I8QAJhpVsr6xLml8L/Scu1nKpVvTqp1OqzOkrgAByCY+CAM1ADddAATYDBPXgEz+DFeDCejFfjbTq6YMwye+AHjPcvNciXWg==</latexit>

|q2→
<latexit sha1_base64="irQFpf1wDuMMfYnRKE6CEltA0HU=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapgpWnVXcNNlBfuAdhgyaaYNzSRjkhHKWNz4K25cKOLWr3Dn35jpA1T0QOBwzj3c3BMmjCrtup/WwuLS8spqYa24vrG5tW3v7DaVSCUmDSyYkO0QKcIoJw1NNSPtRBIUh4y0wuFl7rduiVRU8Gs9Sogfoz6nEcVIGymw9++6wvh5PIM3gQfhuCsR7zMS2CXX8S5yQNcpuwanc1KGnuNOUAIz1AP7o9sTOI0J15ghpTqem2g/Q1JTzMi42E0VSRAeoj7pGMpRTJSfTU4YwyOj9GAkpHlcw4n6PZGhWKlRHJrJGOmB+u3l4l9eJ9XRuZ9RnqSacDxdFKUMagHzPmCPSoI1GxmCsKTmrxAPkERYm9aKpoT5pfB/0iw7XsWpXJ2UqrVZHQVwAA7BMfDAGaiCGqiDBsDgHjyCZ/BiPVhP1qv1Nh1dsGaZPfAD1vsXNDqXWQ==</latexit>

|q1→ <latexit sha1_base64="SCSP+rVNPqy1mWLKmn5nJ8cSz2A=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno06y3gJccEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLIKKPih4vFdFVT0vFlxpQj6szMbm1vZOdje3t39weJQ/PumoKJEM2iwSkex5VIHgIbQ11wJ6sQQaeAK63vRm4XfvQSoehbd6FoMb0HHIfc6oNlJLDfMFYpNykdRKmNgl4lSvnRWpVSrYsckSBbRGc5h/H4wilgQQaiaoUn2HxNpNqdScCZjnBomCmLIpHUPf0JAGoNx0eegcXxhlhP1Imgo1XqrfJ1IaKDULPNMZUD1Rv72F+JfXT7RfdVMexomGkK0W+YnAOsKLr/GIS2BazAyhTHJzK2YTKinTJpucCeHrU/w/6VzZTtkut4qFemMdRxadoXN0iRxUQXXUQE3URgwBekBP6Nm6sx6tF+t11Zqx1jOn6Aest09KiI1P</latexit>s
<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
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<latexit sha1_base64="J7U5i6VeoTqcYwXesRCAJYzeYno=">AAAB9HicdVDLSsNAFL2pr1pfVZduBovgKiRFq+4KbrqsYB/QhjKZTtqhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR7eZ35pQqVgk7vU0pl6IB4IFjGBtJO8BjXsu6kosBpz2iiXHdm8yIMcuOwaXK1JGru3MUYIl6r3iR7cfkSSkQhOOleq4Tqy9FEvNCKezQjdRNMZkhAe0Y6jAIVVeOj96hs6M0kdBJE0Jjebq94kUh0pNQ990hlgP1W8vE//yOokOrr2UiTjRVJDFoiDhSEcoSwD1maRE86khmEhmbkVkiCUm2uRUMCGsPkX/k2bZdit25e6iVK0t48jDCZzCObhwBVWoQR0aQGAMj/AML9bEerJerbdFa85azhzDD1jvX0xckdg=</latexit>

|q1→
<latexit sha1_base64="HnQcuYJ6hj0A7HzcC+k+qJr09mc=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKiVXcFN11WsA9oQ5lMb9qhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3WZ+awJSsUjc62kMXkgGggWMEm0k7wGPe2XclUQMOPSKJcd2bzJgxy47BpcrUsau7cxRQkvUe8WPbj+iSQhCU06U6rhOrL2USM0oh1mhmyiICR2RAXQMFSQE5aXzo2f4zCh9HETSlNB4rn6fSEmo1DT0TWdI9FD99jLxL6+T6ODaS5mIEw2CLhYFCcc6wlkCuM8kUM2nhhAqmbkV0yGRhGqTU8GEsPoU/0+aZdut2JW7i1K1towjj07QKTpHLrpCVVRDddRAFI3RI3pGL9bEerJerbdFa85azhyjH7DevwBN6JHZ</latexit>

|q2→
<latexit sha1_base64="Dn5L3T06XaSkziDLwYXY79ioYV8=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRBq+4KbrqsYB/QhDCZTtqhk0mcmQglFjf+ihsXirj1K9z5N076ABU9MHA45x7u3BOmjEpl25/GwuLS8spqaa28vrG5tW3u7LZkkglMmjhhieiESBJGOWkqqhjppIKgOGSkHQ4vC799S4SkCb9Wo5T4MepzGlGMlJYCc//OS7RfxHN4E7gQjj2BeJ+RwKzYlnNRANqWa2uczokLHcueoAJmaATmh9dLcBYTrjBDUnYdO1V+joSimJFx2cskSREeoj7paspRTKSfT04YwyOt9GCUCP24ghP1eyJHsZSjONSTMVID+dsrxL+8bqaicz+nPM0U4Xi6KMoYVAks+oA9KghWbKQJwoLqv0I8QAJhpVsr6xLml8L/Scu1nKpVvTqp1OqzOkrgAByCY+CAM1ADddAATYDBPXgEz+DFeDCejFfjbTq6YMwye+AHjPcvNciXWg==</latexit>

|q2→
<latexit sha1_base64="irQFpf1wDuMMfYnRKE6CEltA0HU=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapgpWnVXcNNlBfuAdhgyaaYNzSRjkhHKWNz4K25cKOLWr3Dn35jpA1T0QOBwzj3c3BMmjCrtup/WwuLS8spqYa24vrG5tW3v7DaVSCUmDSyYkO0QKcIoJw1NNSPtRBIUh4y0wuFl7rduiVRU8Gs9Sogfoz6nEcVIGymw9++6wvh5PIM3gQfhuCsR7zMS2CXX8S5yQNcpuwanc1KGnuNOUAIz1AP7o9sTOI0J15ghpTqem2g/Q1JTzMi42E0VSRAeoj7pGMpRTJSfTU4YwyOj9GAkpHlcw4n6PZGhWKlRHJrJGOmB+u3l4l9eJ9XRuZ9RnqSacDxdFKUMagHzPmCPSoI1GxmCsKTmrxAPkERYm9aKpoT5pfB/0iw7XsWpXJ2UqrVZHQVwAA7BMfDAGaiCGqiDBsDgHjyCZ/BiPVhP1qv1Nh1dsGaZPfAD1vsXNDqXWQ==</latexit>

|q1→ <latexit sha1_base64="SCSP+rVNPqy1mWLKmn5nJ8cSz2A=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno06y3gJccEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLIKKPih4vFdFVT0vFlxpQj6szMbm1vZOdje3t39weJQ/PumoKJEM2iwSkex5VIHgIbQ11wJ6sQQaeAK63vRm4XfvQSoehbd6FoMb0HHIfc6oNlJLDfMFYpNykdRKmNgl4lSvnRWpVSrYsckSBbRGc5h/H4wilgQQaiaoUn2HxNpNqdScCZjnBomCmLIpHUPf0JAGoNx0eegcXxhlhP1Imgo1XqrfJ1IaKDULPNMZUD1Rv72F+JfXT7RfdVMexomGkK0W+YnAOsKLr/GIS2BazAyhTHJzK2YTKinTJpucCeHrU/w/6VzZTtkut4qFemMdRxadoXN0iRxUQXXUQE3URgwBekBP6Nm6sx6tF+t11Zqx1jOn6Aest09KiI1P</latexit>s

0

1

<latexit sha1_base64="xFMx4xZzWoZAfjUVqi4lQA23o/E=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBZBKISkaNVbwUuPFWwttKFstpN26WYTdzeFEvs7vHhQxKs/xpv/xk0/QEUfDDzem2Fmnh9zprTjfFq5ldW19Y38ZmFre2d3r7h/0FJRIik0acQj2faJAs4ENDXTHNqxBBL6HO780XXm341BKhaJWz2JwQvJQLCAUaKN5D2UMS7jriRiwKFXLDm2e5UBO3bFMThfkgp2bWeGElqg0St+dPsRTUIQmnKiVMd1Yu2lRGpGOUwL3URBTOiIDKBjqCAhKC+dHT3FJ0bp4yCSpoTGM/X7REpCpSahbzpDoofqt5eJf3mdRAeXXspEnGgQdL4oSDjWEc4SwH0mgWo+MYRQycytmA6JJFSbnAomhOWn+H/Sqthu1a7enJVq9UUceXSEjtEpctEFqqE6aqAmougePaJn9GKNrSfr1Xqbt+asxcwh+gHr/Qt0iZFN</latexit>

|++→ <latexit sha1_base64="tjMaIhoar2OEifETTAh372F4Iis="></latexit>

(|01→+ |10→) /
↑
2

<latexit sha1_base64="ps1UYy/WecKAu+Ou/OhIs1QGKt4="></latexit>

(|00→+ |11→) /
↑
2

p = 1/2

p = 1/2
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<latexit sha1_base64="VNSXvbIbSk7SI/+3VFhGgm33Is8="></latexit>

|++→ = 1

2
(|00→+ |01→+ |10→+ |11→)
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}
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<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

quantum circuits

XOR

<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0
<latexit sha1_base64="Ef5o4OMEht8l+Lx0sT/nFrQGOZk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSw+0XS47t3mQgjl12DC5XpExc25mjBEvU+8WP3iBiSYChZoIq1XWdWHsplZozgbNCL1EYUzahI+waGtIAlZfOD52RM6MMyDCSpkJN5ur3iZQGSk0D33QGVI/Vby8T//K6iR5eeykP40RjyBaLhokgOiLZ12TAJTItpoZQJrm5lbAxlZRpk03BhLD6lPxPWmXbrdiVxkWpWlvGkYcTOIVzcOEKqlCDOjSBAcIjPMOLdW89Wa/W26I1Zy1njuEHrPcv09qM/w==</latexit>

1

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="nmp2LeoVNQa4XKw6zOsWmFWy1MI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSo9EvlhzbvclAHLvsGFyuSJm4tjNHCZao94sfvUHEkgBDzQRVqus6sfZSKjVnAmeFXqIwpmxCR9g1NKQBKi+dHzojZ0YZkGEkTYWazNXvEykNlJoGvukMqB6r314m/uV1Ez289lIexonGkC0WDRNBdESyr8mAS2RaTA2hTHJzK2FjKinTJpuCCWH1KfmftMq2W7ErjYtStbaMIw8ncArn4MIVVKEGdWgCA4RHeIYX6956sl6tt0VrzlrOHMMPWO9fBGmNHw==</latexit>

Q

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1

<latexit sha1_base64="Ef5o4OMEht8l+Lx0sT/nFrQGOZk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSw+0XS47t3mQgjl12DC5XpExc25mjBEvU+8WP3iBiSYChZoIq1XWdWHsplZozgbNCL1EYUzahI+waGtIAlZfOD52RM6MMyDCSpkJN5ur3iZQGSk0D33QGVI/Vby8T//K6iR5eeykP40RjyBaLhokgOiLZ12TAJTItpoZQJrm5lbAxlZRpk03BhLD6lPxPWmXbrdiVxkWpWlvGkYcTOIVzcOEKqlCDOjSBAcIjPMOLdW89Wa/W26I1Zy1njuEHrPcv09qM/w==</latexit>

1
<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0

AND

<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="nmp2LeoVNQa4XKw6zOsWmFWy1MI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSo9EvlhzbvclAHLvsGFyuSJm4tjNHCZao94sfvUHEkgBDzQRVqus6sfZSKjVnAmeFXqIwpmxCR9g1NKQBKi+dHzojZ0YZkGEkTYWazNXvEykNlJoGvukMqB6r314m/uV1Ez289lIexonGkC0WDRNBdESyr8mAS2RaTA2hTHJzK2FjKinTJpuCCWH1KfmftMq2W7ErjYtStbaMIw8ncArn4MIVVKEGdWgCA4RHeIYX6956sl6tt0VrzlrOHMMPWO9fBGmNHw==</latexit>

Q

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1

<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0
<latexit sha1_base64="HkXcwzd86I6CKCGXsA4YVBvt2Is=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZkNGvUW8JJjAuYByRJmJ5NkzOzsMjMrhCVf4MWDIl79JG/+jbN5gIoWNBRV3XR3BbHg2mD86eTW1jc2t/LbhZ3dvf2D4uFRS0eJoqxJIxGpTkA0E1yypuFGsE6sGAkDwdrB5Dbz2w9MaR7JOzONmR+SkeRDTomxUgP3iyXsejcZEHbL2OJyRcrIc/EcJVii3i9+9AYRTUImDRVE666HY+OnRBlOBZsVeolmMaETMmJdSyUJmfbT+aEzdGaVARpGypY0aK5+n0hJqPU0DGxnSMxY//Yy8S+vm5jhtZ9yGSeGSbpYNEwEMhHKvkYDrhg1YmoJoYrbWxEdE0WosdkUbAirT9H/pFV2vYpbaVyUqrVlHHk4gVM4Bw+uoAo1qEMTKDB4hGd4ce6dJ+fVeVu05pzlzDH8gPP+BdJWjP4=</latexit>

0
<latexit sha1_base64="Ef5o4OMEht8l+Lx0sT/nFrQGOZk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRr0FvOSYgFkgGUJPp5K06Vno7hHCkC/w4kERr36SN//Gniygog8KHu9VUVXPjwVX2nE+rdza+sbmVn67sLO7t39QPDxqqSiRDJssEpHs+FSh4CE2NdcCO7FEGvgC2/7kNvPbDygVj8I7PY3RC+go5EPOqDZSw+0XS47t3mQgjl12DC5XpExc25mjBEvU+8WP3iBiSYChZoIq1XWdWHsplZozgbNCL1EYUzahI+waGtIAlZfOD52RM6MMyDCSpkJN5ur3iZQGSk0D33QGVI/Vby8T//K6iR5eeykP40RjyBaLhokgOiLZ12TAJTItpoZQJrm5lbAxlZRpk03BhLD6lPxPWmXbrdiVxkWpWlvGkYcTOIVzcOEKqlCDOjSBAcIjPMOLdW89Wa/W26I1Zy1njuEHrPcv09qM/w==</latexit>

1

logical gates

conventional gates quantum gates

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1
CNOT

A

B

A’

B’

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B

ZZ parity

A

B

A’

B’

<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

HADAMARD

A A’H
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="RsLo2Jkq/tYsYvgYLp6DuYJoXdA=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCGFStOqu6MZlBfuANpTJdNIOnUzCzEQoacFfceNCEbd+hzv/xkmbgooeuHA4517uvcePOVMaoU9rYXFpeWW1sFZc39jc2rZ3dhsqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IfXmd+8p1KxSNzpUUy9EPcFCxjB2khde3+MOhKLPqfwBI7dnHftEnLcywwQOWVkcDYnZeg6aIoSyFHr2h+dXkSSkApNOFaq7aJYeymWmhFOJ8VOomiMyRD3adtQgUOqvHR6/gQeGaUHg0iaEhpO1e8TKQ6VGoW+6QyxHqjfXib+5bUTHVx4KRNxoqkgs0VBwqGOYJYF7DFJieYjQzCRzNwKyQBLTLRJrGhCmH8K/yeNsuNWnMrtaal6lcdRAAfgEBwDF5yDKrgBNVAHBKTgETyDF+vBerJerbdZ64KVz+yBH7DevwBwkZUv</latexit>

|0→+ |1→
<latexit sha1_base64="/GXZLU3sEDgLJyHeYXQMwHtGxTY=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgxjApWnVXdOOygn1AG8pkOmmHTiZhZiKUtOCvuHGhiFu/w51/46RNQUUPXDiccy/33uPHnCmN0Ke1sLi0vLJaWCuub2xubds7uw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+sPrzG/eU6lYJO70KKZeiPuCBYxgbaSuvT9GHYlFn1N4Asduzrt2CTnuZQaInDIyOJuTMnQdNEUJ5Kh17Y9OLyJJSIUmHCvVdlGsvRRLzQink2InUTTGZIj7tG2owCFVXjo9fwKPjNKDQSRNCQ2n6veJFIdKjULfdIZYD9RvLxP/8tqJDi68lIk40VSQ2aIg4VBHMMsC9pikRPORIZhIZm6FZIAlJtokVjQhzD+F/5NG2XErTuX2tFS9yuMogANwCI6BC85BFdyAGqgDAlLwCJ7Bi/VgPVmv1tusdcHKZ/bAD1jvX3OtlTE=</latexit>

|0→ ↑ |1→

<latexit sha1_base64="Gp77zF/lNY4wQUQR0ucRJ7ZUlIk=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBZBEEJStOpBKHrxWMG2QhvKZjtpl242cXdTKLG/w4sHRbz6Y7z5b9z0A1T0wcDjvRlm5vkxZ0o7zqeVW1hcWl7JrxbW1jc2t4rbOw0VJZJCnUY8knc+UcCZgLpmmsNdLIGEPoemP7jK/OYQpGKRuNWjGLyQ9AQLGCXaSN4FfsBHuC2J6HHoFEuO7Z5nwI5ddgxO5qSMXduZoIRmqHWKH+1uRJMQhKacKNVynVh7KZGaUQ7jQjtREBM6ID1oGSpICMpLJ0eP8YFRujiIpCmh8UT9PpGSUKlR6JvOkOi++u1l4l9eK9HBmZcyEScaBJ0uChKOdYSzBHCXSaCajwwhVDJzK6Z9IgnVJqeCCWH+Kf6fNMq2W7ErN8el6uUsjjzaQ/voELnoFFXRNaqhOqLoHj2iZ/RiDa0n69V6m7bmrNnMLvoB6/0Lji6RWQ==</latexit>

= |+→
<latexit sha1_base64="cFzO/r9J6UQyPlIeCpZPpC/MiOY=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBiyEpWvUgFL14rGBboQ1ls520SzebuLsplNjf4cWDIl79Md78N276ASr6YODx3gwz8/yYM6Ud59PKLSwuLa/kVwtr6xubW8XtnYaKEkmhTiMeyTufKOBMQF0zzeEulkBCn0PTH1xlfnMIUrFI3OpRDF5IeoIFjBJtJO8CP+Aj3JZE9Dh0iiXHds8zYMcuOwYnc1LGru1MUEIz1DrFj3Y3okkIQlNOlGq5Tqy9lEjNKIdxoZ0oiAkdkB60DBUkBOWlk6PH+MAoXRxE0pTQeKJ+n0hJqNQo9E1nSHRf/fYy8S+vlejgzEuZiBMNgk4XBQnHOsJZArjLJFDNR4YQKpm5FdM+kYRqk1PBhDD/FP9PGmXbrdiVm+NS9XIWRx7toX10iFx0iqroGtVQHVF0jx7RM3qxhtaT9Wq9TVtz1mxmF/2A9f4FkUaRWw==</latexit>

= |→↑

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="M0IDQQ+/y/GeEU8diIYVhIs3sE8=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBZBKISkaNVb0YvHCtYWmlA22027dLMJuxuhxP4NLx4U8eqf8ea/cdMPUNEHA4/3ZpiZFyScKe04n1ZhaXllda24XtrY3NreKe/u3ak4lYS2SMxj2QmwopwJ2tJMc9pJJMVRwGk7GF3lfvueSsVicavHCfUjPBAsZARrI3kPqFpFnsRiwGmvXHFs9yIHcuyaY3C6IDXk2s4UFZij2St/eP2YpBEVmnCsVNd1Eu1nWGpGOJ2UvFTRBJMRHtCuoQJHVPnZ9OYJOjJKH4WxNCU0mqrfJzIcKTWOAtMZYT1Uv71c/Mvrpjo89zMmklRTQWaLwpQjHaM8ANRnkhLNx4ZgIpm5FZEhlphoE1PJhLD4FP1P7mq2W7frNyeVxuU8jiIcwCEcgwtn0IBraEILCCTwCM/wYqXWk/Vqvc1aC9Z8Zh9+wHr/AhtPkR0=</latexit>

|++→
<latexit sha1_base64="H8EozkwjbNELZdsenVpgwXv4co0=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1oEQRkyRavuim5cVrAXaIeSSTNtaCYzJBmhTLt346u4caGIW1/AnW9jphdQ0R8Sfr5zDsn5/ZgzpRH6tBYWl5ZXVnNr+fWNza1te2e3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJXVG3dUKhaJWz2MqRfinmABI1gb1LELI4hg+zi7JBY9TuERHEHXEHdOOnYROe5FJoicEjI6nZsSdB00URHMVO3YH+1uRJKQCk04Vqrlolh7KZaaEU7H+XaiaIzJAPdoy1iBQ6q8dLLLGB4Y0oVBJM0RGk7o94kUh0oNQ990hlj31e9aBv+qtRIdnHspE3GiqSDTh4KEQx3BLBjYZZISzYfGYCKZ+SskfSwx0Sa+vAlhvin839RLjlt2yjcnxcrlLI4c2AcFcAhccAYq4BpUQQ0QcA8ewTN4sR6sJ+vVepu2LlizmT3wQ9b7FySTmAI=</latexit>

|0 0→+ |1 1→
<latexit sha1_base64="/WWM48gheK7H4OSG769X/2P6MjE=">AAACC3icdZDLSgMxFIYzXmu9jbp0c2gRBGXIFK26K7pxWcFeoC0lk6ZtaCYzJBmhtN278VXcuFDErS/gzrcxvYGK/hD4+c45nJw/iAXXBuNPZ2FxaXllNbWWXt/Y3Np2d3bLOkoUZSUaiUhVA6KZ4JKVDDeCVWPFSBgIVgl6V+N65Y4pzSN5a/oxa4SkI3mbU2IsarqZIWCoH4MPdUVkRzA4giH4luA5abpZ7PkXYwH2ctjqdG5y4Ht4oiyaqdh0P+qtiCYhk4YKonXNx7FpDIgynAo2StcTzWJCe6TDatZKEjLdGExuGcGBJS1oR8o+aWBCv08MSKh1PwxsZ0hMV/+ujeFftVpi2ueNAZdxYpik00XtRICJYBwMtLhi1Ii+NYQqbv8KtEsUocbGl7YhzC+F/0055/l5L39zki1czuJIoX2UQYfIR2eogK5REZUQRffoET2jF+fBeXJenbdp64Izm9lDP+S8fwEkpZgC</latexit>

|0 1→+ |1 0→

quantum superposition quantum entanglement

http://www.thp.uni-koeln.de/trebst/
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<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

quantum circuits
quantum gates

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1
CNOT

A

B

A’

B’

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B

ZZ parity

A

B

A’

B’

<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

HADAMARD

A A’H
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="RsLo2Jkq/tYsYvgYLp6DuYJoXdA=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCGFStOqu6MZlBfuANpTJdNIOnUzCzEQoacFfceNCEbd+hzv/xkmbgooeuHA4517uvcePOVMaoU9rYXFpeWW1sFZc39jc2rZ3dhsqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IfXmd+8p1KxSNzpUUy9EPcFCxjB2khde3+MOhKLPqfwBI7dnHftEnLcywwQOWVkcDYnZeg6aIoSyFHr2h+dXkSSkApNOFaq7aJYeymWmhFOJ8VOomiMyRD3adtQgUOqvHR6/gQeGaUHg0iaEhpO1e8TKQ6VGoW+6QyxHqjfXib+5bUTHVx4KRNxoqkgs0VBwqGOYJYF7DFJieYjQzCRzNwKyQBLTLRJrGhCmH8K/yeNsuNWnMrtaal6lcdRAAfgEBwDF5yDKrgBNVAHBKTgETyDF+vBerJerbdZ64KVz+yBH7DevwBwkZUv</latexit>

|0→+ |1→
<latexit sha1_base64="/GXZLU3sEDgLJyHeYXQMwHtGxTY=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgxjApWnVXdOOygn1AG8pkOmmHTiZhZiKUtOCvuHGhiFu/w51/46RNQUUPXDiccy/33uPHnCmN0Ke1sLi0vLJaWCuub2xubds7uw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+sPrzG/eU6lYJO70KKZeiPuCBYxgbaSuvT9GHYlFn1N4Asduzrt2CTnuZQaInDIyOJuTMnQdNEUJ5Kh17Y9OLyJJSIUmHCvVdlGsvRRLzQink2InUTTGZIj7tG2owCFVXjo9fwKPjNKDQSRNCQ2n6veJFIdKjULfdIZYD9RvLxP/8tqJDi68lIk40VSQ2aIg4VBHMMsC9pikRPORIZhIZm6FZIAlJtokVjQhzD+F/5NG2XErTuX2tFS9yuMogANwCI6BC85BFdyAGqgDAlLwCJ7Bi/VgPVmv1tusdcHKZ/bAD1jvX3OtlTE=</latexit>

|0→ ↑ |1→

<latexit sha1_base64="Gp77zF/lNY4wQUQR0ucRJ7ZUlIk=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBZBEEJStOpBKHrxWMG2QhvKZjtpl242cXdTKLG/w4sHRbz6Y7z5b9z0A1T0wcDjvRlm5vkxZ0o7zqeVW1hcWl7JrxbW1jc2t4rbOw0VJZJCnUY8knc+UcCZgLpmmsNdLIGEPoemP7jK/OYQpGKRuNWjGLyQ9AQLGCXaSN4FfsBHuC2J6HHoFEuO7Z5nwI5ddgxO5qSMXduZoIRmqHWKH+1uRJMQhKacKNVynVh7KZGaUQ7jQjtREBM6ID1oGSpICMpLJ0eP8YFRujiIpCmh8UT9PpGSUKlR6JvOkOi++u1l4l9eK9HBmZcyEScaBJ0uChKOdYSzBHCXSaCajwwhVDJzK6Z9IgnVJqeCCWH+Kf6fNMq2W7ErN8el6uUsjjzaQ/voELnoFFXRNaqhOqLoHj2iZ/RiDa0n69V6m7bmrNnMLvoB6/0Lji6RWQ==</latexit>

= |+→
<latexit sha1_base64="cFzO/r9J6UQyPlIeCpZPpC/MiOY=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBiyEpWvUgFL14rGBboQ1ls520SzebuLsplNjf4cWDIl79Md78N276ASr6YODx3gwz8/yYM6Ud59PKLSwuLa/kVwtr6xubW8XtnYaKEkmhTiMeyTufKOBMQF0zzeEulkBCn0PTH1xlfnMIUrFI3OpRDF5IeoIFjBJtJO8CP+Aj3JZE9Dh0iiXHds8zYMcuOwYnc1LGru1MUEIz1DrFj3Y3okkIQlNOlGq5Tqy9lEjNKIdxoZ0oiAkdkB60DBUkBOWlk6PH+MAoXRxE0pTQeKJ+n0hJqNQo9E1nSHRf/fYy8S+vlejgzEuZiBMNgk4XBQnHOsJZArjLJFDNR4YQKpm5FdM+kYRqk1PBhDD/FP9PGmXbrdiVm+NS9XIWRx7toX10iFx0iqroGtVQHVF0jx7RM3qxhtaT9Wq9TVtz1mxmF/2A9f4FkUaRWw==</latexit>

= |→↑

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="M0IDQQ+/y/GeEU8diIYVhIs3sE8=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBZBKISkaNVb0YvHCtYWmlA22027dLMJuxuhxP4NLx4U8eqf8ea/cdMPUNEHA4/3ZpiZFyScKe04n1ZhaXllda24XtrY3NreKe/u3ak4lYS2SMxj2QmwopwJ2tJMc9pJJMVRwGk7GF3lfvueSsVicavHCfUjPBAsZARrI3kPqFpFnsRiwGmvXHFs9yIHcuyaY3C6IDXk2s4UFZij2St/eP2YpBEVmnCsVNd1Eu1nWGpGOJ2UvFTRBJMRHtCuoQJHVPnZ9OYJOjJKH4WxNCU0mqrfJzIcKTWOAtMZYT1Uv71c/Mvrpjo89zMmklRTQWaLwpQjHaM8ANRnkhLNx4ZgIpm5FZEhlphoE1PJhLD4FP1P7mq2W7frNyeVxuU8jiIcwCEcgwtn0IBraEILCCTwCM/wYqXWk/Vqvc1aC9Z8Zh9+wHr/AhtPkR0=</latexit>

|++→
<latexit sha1_base64="H8EozkwjbNELZdsenVpgwXv4co0=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1oEQRkyRavuim5cVrAXaIeSSTNtaCYzJBmhTLt346u4caGIW1/AnW9jphdQ0R8Sfr5zDsn5/ZgzpRH6tBYWl5ZXVnNr+fWNza1te2e3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJXVG3dUKhaJWz2MqRfinmABI1gb1LELI4hg+zi7JBY9TuERHEHXEHdOOnYROe5FJoicEjI6nZsSdB00URHMVO3YH+1uRJKQCk04Vqrlolh7KZaaEU7H+XaiaIzJAPdoy1iBQ6q8dLLLGB4Y0oVBJM0RGk7o94kUh0oNQ990hlj31e9aBv+qtRIdnHspE3GiqSDTh4KEQx3BLBjYZZISzYfGYCKZ+SskfSwx0Sa+vAlhvin839RLjlt2yjcnxcrlLI4c2AcFcAhccAYq4BpUQQ0QcA8ewTN4sR6sJ+vVepu2LlizmT3wQ9b7FySTmAI=</latexit>

|0 0→+ |1 1→
<latexit sha1_base64="/WWM48gheK7H4OSG769X/2P6MjE=">AAACC3icdZDLSgMxFIYzXmu9jbp0c2gRBGXIFK26K7pxWcFeoC0lk6ZtaCYzJBmhtN278VXcuFDErS/gzrcxvYGK/hD4+c45nJw/iAXXBuNPZ2FxaXllNbWWXt/Y3Np2d3bLOkoUZSUaiUhVA6KZ4JKVDDeCVWPFSBgIVgl6V+N65Y4pzSN5a/oxa4SkI3mbU2IsarqZIWCoH4MPdUVkRzA4giH4luA5abpZ7PkXYwH2ctjqdG5y4Ht4oiyaqdh0P+qtiCYhk4YKonXNx7FpDIgynAo2StcTzWJCe6TDatZKEjLdGExuGcGBJS1oR8o+aWBCv08MSKh1PwxsZ0hMV/+ujeFftVpi2ueNAZdxYpik00XtRICJYBwMtLhi1Ii+NYQqbv8KtEsUocbGl7YhzC+F/0055/l5L39zki1czuJIoX2UQYfIR2eogK5REZUQRffoET2jF+fBeXJenbdp64Izm9lDP+S8fwEkpZgC</latexit>

|0 1→+ |1 0→

quantum superposition quantum entanglement

Z gate

A A’Z
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="LReQ51U1D1+2xdXaa7dYl3jPD5s=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBC8uOwGjXoLevEYwTwwCWF20kmGzM4uM7NCiPkLLx4U8erfePNvnM0DVLSgoajqprsriAXXxvM+nYXFpeWV1cxadn1jc2s7t7Nb1VGiGFZYJCJVD6hGwSVWDDcC67FCGgYCa8HgKvVr96g0j+StGcbYCmlP8i5n1Fjp7vjBbyoqewLbubzn+hcpiOcWPIvTOSkQ3/UmyMMM5Xbuo9mJWBKiNExQrRu+F5vWiCrDmcBxtplojCkb0B42LJU0RN0aTS4ek0OrdEg3UrakIRP1+8SIhloPw8B2htT09W8vFf/yGonpnrdGXMaJQcmmi7qJICYi6fukwxUyI4aWUKa4vZWwPlWUGRtS1oYw/5T8T6oF1y+6xZuTfOlyFkcG9uEAjsCHMyjBNZShAgwkPMIzvDjaeXJenbdp64Izm9mDH3DevwB475DR</latexit>

→|1↑

S gate

A A’S
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="Rn3q0ORvf4NVb6dQ+DvFO4JxyIw=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxgnlgEsLspDcZMju7zMwKIeYvvHhQxKt/482/cfICFS1oKKq66e4KEsG18bxPJ7O0vLK6ll3PbWxube/kd/dqOk4VwyqLRawaAdUouMSq4UZgI1FIo0BgPRhcTfz6PSrNY3lrhgm2I9qTPOSMGivd8Qe/pajsCezkC57rX0xAPLfoWZwuSJH4rjdFAeaodPIfrW7M0gilYYJq3fS9xLRHVBnOBI5zrVRjQtmA9rBpqaQR6vZoevGYHFmlS8JY2ZKGTNXvEyMaaT2MAtsZUdPXv72J+JfXTE143h5xmaQGJZstClNBTEwm75MuV8iMGFpCmeL2VsL6VFFmbEg5G8LiU/I/qRVdv+SWbk4K5ct5HFk4gEM4Bh/OoAzXUIEqMJDwCM/w4mjnyXl13matGWc+sw8/4Lx/AdX7kQ0=</latexit>

i|1→

complex phases

Clifford circuit 
easy to simulate (Gottesman-Knill theorem) 

but not universal

http://www.thp.uni-koeln.de/trebst/


©  Simon Trebst

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

quantum circuits
quantum gates

<latexit sha1_base64="IFav/uuoq1nyJl0kLSRUPH/GfA8=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8yDIbNOot4CXHCOYByRJmJ7PJkNnZZWZWCEs+wosHRbz6Pd78G2fzABUtaCiquunuChLBtcH401lZXVvf2CxsFbd3dvf2SweHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH49vcbz8wpXks780kYX5EhpKHnBJjpTZGvXOEUb9Uxq53kwNht4ItLpekgjwXz1CGBRr90kdvENM0YtJQQbTuejgxfkaU4VSwabGXapYQOiZD1rVUkohpP5udO0WnVhmgMFa2pEEz9ftERiKtJ1FgOyNiRvq3l4t/ed3UhNd+xmWSGibpfFGYCmRilP+OBlwxasTEEkIVt7ciOiKKUGMTKtoQlp+i/0mr4npVt3p3Ua7VF3EU4BhO4Aw8uIIa1KEBTaAwhkd4hhcncZ6cV+dt3rriLGaO4Aec9y9cfY5S</latexit>

0 0
<latexit sha1_base64="R6oyqUmLyQwbAT9VbH8cvFtbAOw=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpSZG3TPk9Yol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718Ha44p</latexit>

0 1
<latexit sha1_base64="uxduBWYnpuf9k6e0oRDpv/5h3Ng=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbZoFFvAS85RjAPSJYwO5lNxszuLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0gE1wbjTye3srq2vpHfLGxt7+zuFfcPmlqmirIGlUKqdkA0EzxmDcONYO1EMRIFgrWC0U3mtx6Y0lzGd2acMD8ig5iHnBJjpaaHumcI94ol7HrXGRB2y9jiYknKyHPxDCVYoN4rfnT7kqYRiw0VROuOhxPjT4gynAo2LXRTzRJCR2TAOpbGJGLan8yunaITq/RRKJWt2KCZ+n1iQiKtx1FgOyNihvq3l4l/eZ3UhFf+hMdJalhM54vCVCAjUfY66nPFqBFjSwhV3N6K6JAoQo0NqGBDWH6K/ifNsutV3MrtealaW8SRhyM4hlPw4BKqUIM6NIDCPTzCM7w40nlyXp23eWvOWcwcwg84718HcI4p</latexit>

1 0
<latexit sha1_base64="6kJvWmWY7oZg1QGywIQeum9zmJ0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgQZbdoFFvAS85RjAPSJYwO5lNxszOLDOzQgj5By8eFPHq/3jzb5zNA1S0oKGo6qa7K0w408bzPp3cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5vMbz1QpZkUd2ac0CDGA8EiRrCxUtNH3TPk94olz/WvMyDPLXsWF0tSRr7rzVCCBeq94ke3L0kaU2EIx1p3fC8xwQQrwwin00I31TTBZIQHtGOpwDHVwWR27RSdWKWPIqlsCYNm6veJCY61Hseh7YyxGerfXib+5XVSE10FEyaS1FBB5ouilCMjUfY66jNFieFjSzBRzN6KyBArTIwNqGBDWH6K/ifNsutX3MrtealaW8SRhyM4hlPw4RKqUIM6NIDAPTzCM7w40nlyXp23eWvOWcwcwg84718I9I4q</latexit>

1 1
CNOT

A

B

A’

B’

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B

ZZ parity

A

B

A’

B’

<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

<latexit sha1_base64="IfMWfiuqTtfCT9IfB9TJF8sZvgg=">AAAB+HicdVDLSgMxFL1TX7U+OurSTbAILmSYKVp1V3DTZQX7gHYomTTThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHSd+a07KhWLxa0eJ9SP8ECwkBGsjdSziw8u6p4i0yQWA057dsl1vKsMyHXKrsH5kpSR57gzlGCBes/+6PZjkkZUaMKxUh3PTbQ/wVIzwum00E0VTTAZ4QHtGCpwRJU/mR0+RcdG6aMwlqaERjP1+8YER0qNo8BMRlgP1W8vE//yOqkOL/0JE0mqqSDzh8KUIx2jLAXUZ5ISzceGYCKZuRWRIZaYaJNVwYSw/Cn6nzTLjldxKjdnpWptEUceDuEITsCDC6hCDerQAAIpPMIzvFj31pP1ar3NR3PWYucAfsB6/wIbQZIk</latexit>

|0 0→
<latexit sha1_base64="yFgpnonJ9Olr6FzR0fL2NhBrYak=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+QFB7xS60JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718czZIl</latexit>

|0 1→
<latexit sha1_base64="JCk9Rh/ES1SDNJovGF4YSUPiSOg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCCwmTolV3BTddVrAPaEKZTCft0MkkzEyEGvslblwo4tZPceffOOkDVPTAhcM593LvPUHCmdIIfVqFldW19Y3iZmlre2e3bO/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv3NHpWKxuNWThPoRHgoWMoK1kfp2+cGF3ilE0JNYDDnt2xXkuFc5IHKqyOB8SarQddAMFbBAs29/eIOYpBEVmnCsVM9FifYzLDUjnE5LXqpogskYD2nPUIEjqvxsdvgUHhtlAMNYmhIaztTvExmOlJpEgemMsB6p314u/uX1Uh1e+hkTSaqpIPNFYcqhjmGeAhwwSYnmE0MwkczcCskIS0y0yapkQlh+Cv8n7arj1pzazVml3ljEUQSH4AicABdcgDpogCZoAQJS8AiewYt1bz1Zr9bbvLVgLWYOwA9Y718c0pIl</latexit>

|1 0→
<latexit sha1_base64="1eNvyFe6sooI9uRbJNT5wMQpS/g=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCxlmilbdFdx0WcE+oB1KJr3ThmYyQ5IRau2XuHGhiFs/xZ1/Y6YPUNED93I4515yc4KEM6Vd99PKrayurW/kNwtb2zu7RXtvv6niVFJo0JjHsh0QBZwJaGimObQTCSQKOLSC0XXmt+5AKhaLWz1OwI/IQLCQUaKN1LOLDx7unmLTJBEDDj275DreVQbsOmXX4HxJythz3BlKaIF6z/7o9mOaRiA05USpjucm2p8QqRnlMC10UwUJoSMygI6hgkSg/Mns8Ck+Nkofh7E0JTSeqd83JiRSahwFZjIieqh+e5n4l9dJdXjpT5hIUg2Czh8KU451jLMUcJ9JoJqPDSFUMnMrpkMiCdUmq4IJYflT/D9plh2v4lRuzkrV2iKOPDpER+gEeegCVVEN1VEDUZSiR/SMXqx768l6td7mozlrsXOAfsB6/wIeXpIm</latexit>

|1 1→

HADAMARD

A A’H
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="RsLo2Jkq/tYsYvgYLp6DuYJoXdA=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCGFStOqu6MZlBfuANpTJdNIOnUzCzEQoacFfceNCEbd+hzv/xkmbgooeuHA4517uvcePOVMaoU9rYXFpeWW1sFZc39jc2rZ3dhsqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IfXmd+8p1KxSNzpUUy9EPcFCxjB2khde3+MOhKLPqfwBI7dnHftEnLcywwQOWVkcDYnZeg6aIoSyFHr2h+dXkSSkApNOFaq7aJYeymWmhFOJ8VOomiMyRD3adtQgUOqvHR6/gQeGaUHg0iaEhpO1e8TKQ6VGoW+6QyxHqjfXib+5bUTHVx4KRNxoqkgs0VBwqGOYJYF7DFJieYjQzCRzNwKyQBLTLRJrGhCmH8K/yeNsuNWnMrtaal6lcdRAAfgEBwDF5yDKrgBNVAHBKTgETyDF+vBerJerbdZ64KVz+yBH7DevwBwkZUv</latexit>

|0→+ |1→
<latexit sha1_base64="/GXZLU3sEDgLJyHeYXQMwHtGxTY=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgxjApWnVXdOOygn1AG8pkOmmHTiZhZiKUtOCvuHGhiFu/w51/46RNQUUPXDiccy/33uPHnCmN0Ke1sLi0vLJaWCuub2xubds7uw0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+sPrzG/eU6lYJO70KKZeiPuCBYxgbaSuvT9GHYlFn1N4Asduzrt2CTnuZQaInDIyOJuTMnQdNEUJ5Kh17Y9OLyJJSIUmHCvVdlGsvRRLzQink2InUTTGZIj7tG2owCFVXjo9fwKPjNKDQSRNCQ2n6veJFIdKjULfdIZYD9RvLxP/8tqJDi68lIk40VSQ2aIg4VBHMMsC9pikRPORIZhIZm6FZIAlJtokVjQhzD+F/5NG2XErTuX2tFS9yuMogANwCI6BC85BFdyAGqgDAlLwCJ7Bi/VgPVmv1tusdcHKZ/bAD1jvX3OtlTE=</latexit>

|0→ ↑ |1→

<latexit sha1_base64="Gp77zF/lNY4wQUQR0ucRJ7ZUlIk=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBZBEEJStOpBKHrxWMG2QhvKZjtpl242cXdTKLG/w4sHRbz6Y7z5b9z0A1T0wcDjvRlm5vkxZ0o7zqeVW1hcWl7JrxbW1jc2t4rbOw0VJZJCnUY8knc+UcCZgLpmmsNdLIGEPoemP7jK/OYQpGKRuNWjGLyQ9AQLGCXaSN4FfsBHuC2J6HHoFEuO7Z5nwI5ddgxO5qSMXduZoIRmqHWKH+1uRJMQhKacKNVynVh7KZGaUQ7jQjtREBM6ID1oGSpICMpLJ0eP8YFRujiIpCmh8UT9PpGSUKlR6JvOkOi++u1l4l9eK9HBmZcyEScaBJ0uChKOdYSzBHCXSaCajwwhVDJzK6Z9IgnVJqeCCWH+Kf6fNMq2W7ErN8el6uUsjjzaQ/voELnoFFXRNaqhOqLoHj2iZ/RiDa0n69V6m7bmrNnMLvoB6/0Lji6RWQ==</latexit>

= |+→
<latexit sha1_base64="cFzO/r9J6UQyPlIeCpZPpC/MiOY=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBbBiyEpWvUgFL14rGBboQ1ls520SzebuLsplNjf4cWDIl79Md78N276ASr6YODx3gwz8/yYM6Ud59PKLSwuLa/kVwtr6xubW8XtnYaKEkmhTiMeyTufKOBMQF0zzeEulkBCn0PTH1xlfnMIUrFI3OpRDF5IeoIFjBJtJO8CP+Aj3JZE9Dh0iiXHds8zYMcuOwYnc1LGru1MUEIz1DrFj3Y3okkIQlNOlGq5Tqy9lEjNKIdxoZ0oiAkdkB60DBUkBOWlk6PH+MAoXRxE0pTQeKJ+n0hJqNQo9E1nSHRf/fYy8S+vlejgzEuZiBMNgk4XBQnHOsJZArjLJFDNR4YQKpm5FdM+kYRqk1PBhDD/FP9PGmXbrdiVm+NS9XIWRx7toX10iFx0iqroGtVQHVF0jx7RM3qxhtaT9Wq9TVtz1mxmF/2A9f4FkUaRWw==</latexit>

= |→↑

<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="H4n5jM91h7JCRMpiPSLgFFKDTbk=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeglxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7Z6NEA==</latexit>

B
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→ <latexit sha1_base64="ujazoysW7R8rQpaBlvXHbyA6OME=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt0V3XRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTe+NQQ==</latexit>

B→

<latexit sha1_base64="M0IDQQ+/y/GeEU8diIYVhIs3sE8=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBZBKISkaNVb0YvHCtYWmlA22027dLMJuxuhxP4NLx4U8eqf8ea/cdMPUNEHA4/3ZpiZFyScKe04n1ZhaXllda24XtrY3NreKe/u3ak4lYS2SMxj2QmwopwJ2tJMc9pJJMVRwGk7GF3lfvueSsVicavHCfUjPBAsZARrI3kPqFpFnsRiwGmvXHFs9yIHcuyaY3C6IDXk2s4UFZij2St/eP2YpBEVmnCsVNd1Eu1nWGpGOJ2UvFTRBJMRHtCuoQJHVPnZ9OYJOjJKH4WxNCU0mqrfJzIcKTWOAtMZYT1Uv71c/Mvrpjo89zMmklRTQWaLwpQjHaM8ANRnkhLNx4ZgIpm5FZEhlphoE1PJhLD4FP1P7mq2W7frNyeVxuU8jiIcwCEcgwtn0IBraEILCCTwCM/wYqXWk/Vqvc1aC9Z8Zh9+wHr/AhtPkR0=</latexit>

|++→
<latexit sha1_base64="H8EozkwjbNELZdsenVpgwXv4co0=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1oEQRkyRavuim5cVrAXaIeSSTNtaCYzJBmhTLt346u4caGIW1/AnW9jphdQ0R8Sfr5zDsn5/ZgzpRH6tBYWl5ZXVnNr+fWNza1te2e3rqJEElojEY9k08eKciZoTTPNaTOWFIc+pw1/cJXVG3dUKhaJWz2MqRfinmABI1gb1LELI4hg+zi7JBY9TuERHEHXEHdOOnYROe5FJoicEjI6nZsSdB00URHMVO3YH+1uRJKQCk04Vqrlolh7KZaaEU7H+XaiaIzJAPdoy1iBQ6q8dLLLGB4Y0oVBJM0RGk7o94kUh0oNQ990hlj31e9aBv+qtRIdnHspE3GiqSDTh4KEQx3BLBjYZZISzYfGYCKZ+SskfSwx0Sa+vAlhvin839RLjlt2yjcnxcrlLI4c2AcFcAhccAYq4BpUQQ0QcA8ewTN4sR6sJ+vVepu2LlizmT3wQ9b7FySTmAI=</latexit>

|0 0→+ |1 1→
<latexit sha1_base64="/WWM48gheK7H4OSG769X/2P6MjE=">AAACC3icdZDLSgMxFIYzXmu9jbp0c2gRBGXIFK26K7pxWcFeoC0lk6ZtaCYzJBmhtN278VXcuFDErS/gzrcxvYGK/hD4+c45nJw/iAXXBuNPZ2FxaXllNbWWXt/Y3Np2d3bLOkoUZSUaiUhVA6KZ4JKVDDeCVWPFSBgIVgl6V+N65Y4pzSN5a/oxa4SkI3mbU2IsarqZIWCoH4MPdUVkRzA4giH4luA5abpZ7PkXYwH2ctjqdG5y4Ht4oiyaqdh0P+qtiCYhk4YKonXNx7FpDIgynAo2StcTzWJCe6TDatZKEjLdGExuGcGBJS1oR8o+aWBCv08MSKh1PwxsZ0hMV/+ujeFftVpi2ueNAZdxYpik00XtRICJYBwMtLhi1Ii+NYQqbv8KtEsUocbGl7YhzC+F/0055/l5L39zki1czuJIoX2UQYfIR2eogK5REZUQRffoET2jF+fBeXJenbdp64Izm9lDP+S8fwEkpZgC</latexit>

|0 1→+ |1 0→

quantum superposition quantum entanglement

Z gate

A A’Z
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="LReQ51U1D1+2xdXaa7dYl3jPD5s=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBC8uOwGjXoLevEYwTwwCWF20kmGzM4uM7NCiPkLLx4U8erfePNvnM0DVLSgoajqprsriAXXxvM+nYXFpeWV1cxadn1jc2s7t7Nb1VGiGFZYJCJVD6hGwSVWDDcC67FCGgYCa8HgKvVr96g0j+StGcbYCmlP8i5n1Fjp7vjBbyoqewLbubzn+hcpiOcWPIvTOSkQ3/UmyMMM5Xbuo9mJWBKiNExQrRu+F5vWiCrDmcBxtplojCkb0B42LJU0RN0aTS4ek0OrdEg3UrakIRP1+8SIhloPw8B2htT09W8vFf/yGonpnrdGXMaJQcmmi7qJICYi6fukwxUyI4aWUKa4vZWwPlWUGRtS1oYw/5T8T6oF1y+6xZuTfOlyFkcG9uEAjsCHMyjBNZShAgwkPMIzvDjaeXJenbdp64Izm9mDH3DevwB475DR</latexit>

→|1↑

complex phases

non-Clifford circuit 
universal and hard to simulate

T gate

A A’T
<latexit sha1_base64="QB07YKnlUbezYU2rq9vH3iFSn/U=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0zQqLeIlxwTMAskQ+jp1CRteha6e4QQ8gVePCji1U/y5t/YkwVU9EHB470qqur5ieBKO86ntbK6tr6xmdvKb+/s7u0XDg6bKk4lwwaLRSzbPlUoeIQNzbXAdiKRhr7Alj+6zfzWA0rF4+hOjxP0QjqIeMAZ1Uaq3/QKRcd2rzMQxy45BhdLUiKu7cxQhAVqvcJHtx+zNMRIM0GV6rhOor0JlZozgdN8N1WYUDaiA+wYGtEQlTeZHTolp0bpkyCWpiJNZur3iQkNlRqHvukMqR6q314m/uV1Uh1ceRMeJanGiM0XBakgOibZ16TPJTItxoZQJrm5lbAhlZRpk03ehLD8lPxPmiXbLdvl+nmxUl3EkYNjOIEzcOESKlCFGjSAAcIjPMOLdW89Wa/W27x1xVrMHMEPWO9f7BqNDw==</latexit>

A
<latexit sha1_base64="HdZilvcWbC6SG1jhdxGkYcHnX9s=">AAAB6XicdVDLSsNAFL2pr1pfVZduBovoKiSlVt1V3HRZxT6gDWUynbRDJ5MwMxFK6B+4caGIW//InX/jpA9Q0QMXDufcy733+DFnSjvOp5VbWV1b38hvFra2d3b3ivsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745vMbz9QqVgk7vUkpl6Ih4IFjGBtpLvr036x5NjuVQbk2GXH4HxJysi1nRlKsECjX/zoDSKShFRowrFSXdeJtZdiqRnhdFroJYrGmIzxkHYNFTikyktnl07RiVEGKIikKaHRTP0+keJQqUnom84Q65H67WXiX1430cGllzIRJ5oKMl8UJBzpCGVvowGTlGg+MQQTycytiIywxESbcAomhOWn6H/SKttu1a7eVkq1+iKOPBzBMZyBCxdQgzo0oAkEAniEZ3ixxtaT9Wq9zVtz1mLmEH7Aev8CTGqNQA==</latexit>

A→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="EEUUrenzwz5AaAFyueZlODSnBcs=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A7isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/Ag4ykJo=</latexit>

|1→

<latexit sha1_base64="kJzV9JK0MFvOSJVHfBv+Sv838NE=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgadkNGvUW9OIxgnlIsoTZSW8yZGZ2mZkVQsxXePGgiFc/x5t/42weoKIFDUVVN91dYcKZNp736eSWlldW1/LrhY3Nre2d4u5eQ8epolCnMY9VKyQaOJNQN8xwaCUKiAg5NMPhVeY370FpFstbM0ogEKQvWcQoMVa6e/A6isg+h26x5Ln+RQbsuWXP4nRByth3vSlKaI5at/jR6cU0FSAN5UTrtu8lJhgTZRjlMCl0Ug0JoUPSh7alkgjQwXh68AQfWaWHo1jZkgZP1e8TYyK0HonQdgpiBvq3l4l/ee3UROfBmMkkNSDpbFGUcmxinH2Pe0wBNXxkCaGK2VsxHRBFqLEZFWwIi0/x/6RRdv2KW7k5KVUv53Hk0QE6RMfIR2eoiq5RDdURRQI9omf04ijnyXl13matOWc+s49+wHn/AgynkJk=</latexit>

|0→
<latexit sha1_base64="r7ll9oncwyISUYO+zmdB4cmxr44=">AAACBHicdVDLSsNAFJ3UV62vqstuBovgKiSlvnaiG5cV7AOaWibTm3boZBJmJkKJWbjxV9y4UMStH+HOv3H6AhU9cOFwzr3ce48fc6a043xauYXFpeWV/GphbX1jc6u4vdNQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBi7DdvQSoWiWs9iqETkr5gAaNEG6lbLMFNyrxAEpp6McvSapbduZ4kos+hWyw7tns6BnbsimNwOCcV7NrOBGU0Q61b/PB6EU1CEJpyolTbdWLdSYnUjHLICl6iICZ0SPrQNlSQEFQnnTyR4X2j9HAQSVNC44n6fSIloVKj0DedIdED9dsbi3957UQHJ52UiTjRIOh0UZBwrCM8TgT3mASq+cgQQiUzt2I6ICYRbXIrmBDmn+L/SaNiu0f20VW1fHY+iyOPSmgPHSAXHaMzdIlqqI4oukeP6Bm9WA/Wk/VqvU1bc9ZsZhf9gPX+BfFymPQ=</latexit>

ei
ω
4 |1→

http://www.thp.uni-koeln.de/trebst/


shallow circuits  
state preparation
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joint measurements & state preparation 

cluster state

| + ⟩

| + ⟩
RZZ = e−i π

4 ZZ

cat state

two-qubit 
parity check

system 
qubit

auxiliary 
qubit

<latexit sha1_base64="xdOYoNKTHnwC3YmQsuS/VNS8tvY=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbNBo94CXnKMYB6wWcLspDcZMju7zMwKIeYzvHhQxKtf482/cTYPUNGChqKqm+6uMBVcG0I+nZXVtfWNzcJWcXtnd2+/dHDY0kmmGDRZIhLVCakGwSU0DTcCOqkCGocC2uHoJvfb96A0T+SdGacQxHQgecQZNVbyHzDBXUXlQECvVCaud50DE7dCLC6WpII9l8xQRgs0eqWPbj9hWQzSMEG19j2SmmBCleFMwLTYzTSklI3oAHxLJY1BB5PZyVN8apU+jhJlSxo8U79PTGis9TgObWdMzVD/9nLxL8/PTHQVTLhMMwOSzRdFmcAmwfn/uM8VMCPGllCmuL0VsyFVlBmbUtGGsPwU/09aFderutXb83KtvoijgI7RCTpDHrpENVRHDdREDCXoET2jF8c4T86r8zZvXXEWM0foB5z3L7yHkPM=</latexit>

|0→
<latexit sha1_base64="J7U5i6VeoTqcYwXesRCAJYzeYno=">AAAB9HicdVDLSsNAFL2pr1pfVZduBovgKiRFq+4KbrqsYB/QhjKZTtqhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR7eZ35pQqVgk7vU0pl6IB4IFjGBtJO8BjXsu6kosBpz2iiXHdm8yIMcuOwaXK1JGru3MUYIl6r3iR7cfkSSkQhOOleq4Tqy9FEvNCKezQjdRNMZkhAe0Y6jAIVVeOj96hs6M0kdBJE0Jjebq94kUh0pNQ990hlgP1W8vE//yOokOrr2UiTjRVJDFoiDhSEcoSwD1maRE86khmEhmbkVkiCUm2uRUMCGsPkX/k2bZdit25e6iVK0t48jDCZzCObhwBVWoQR0aQGAMj/AML9bEerJerbdFa85azhzDD1jvX0xckdg=</latexit>

|q1→
<latexit sha1_base64="HnQcuYJ6hj0A7HzcC+k+qJr09mc=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKiVXcFN11WsA9oQ5lMb9qhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3WZ+awJSsUjc62kMXkgGggWMEm0k7wGPe2XclUQMOPSKJcd2bzJgxy47BpcrUsau7cxRQkvUe8WPbj+iSQhCU06U6rhOrL2USM0oh1mhmyiICR2RAXQMFSQE5aXzo2f4zCh9HETSlNB4rn6fSEmo1DT0TWdI9FD99jLxL6+T6ODaS5mIEw2CLhYFCcc6wlkCuM8kUM2nhhAqmbkV0yGRhGqTU8GEsPoU/0+aZdut2JW7i1K1towjj07QKTpHLrpCVVRDddRAFI3RI3pGL9bEerJerbdFa85azhyjH7DevwBN6JHZ</latexit>

|q2→

<latexit sha1_base64="SCSP+rVNPqy1mWLKmn5nJ8cSz2A=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno06y3gJccEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLIKKPih4vFdFVT0vFlxpQj6szMbm1vZOdje3t39weJQ/PumoKJEM2iwSkex5VIHgIbQ11wJ6sQQaeAK63vRm4XfvQSoehbd6FoMb0HHIfc6oNlJLDfMFYpNykdRKmNgl4lSvnRWpVSrYsckSBbRGc5h/H4wilgQQaiaoUn2HxNpNqdScCZjnBomCmLIpHUPf0JAGoNx0eegcXxhlhP1Imgo1XqrfJ1IaKDULPNMZUD1Rv72F+JfXT7RfdVMexomGkK0W+YnAOsKLr/GIS2BazAyhTHJzK2YTKinTJpucCeHrU/w/6VzZTtkut4qFemMdRxadoXN0iRxUQXXUQE3URgwBekBP6Nm6sx6tF+t11Zqx1jOn6Aest09KiI1P</latexit>s
<latexit sha1_base64="Dn5L3T06XaSkziDLwYXY79ioYV8=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRBq+4KbrqsYB/QhDCZTtqhk0mcmQglFjf+ihsXirj1K9z5N076ABU9MHA45x7u3BOmjEpl25/GwuLS8spqaa28vrG5tW3u7LZkkglMmjhhieiESBJGOWkqqhjppIKgOGSkHQ4vC799S4SkCb9Wo5T4MepzGlGMlJYCc//OS7RfxHN4E7gQjj2BeJ+RwKzYlnNRANqWa2uczokLHcueoAJmaATmh9dLcBYTrjBDUnYdO1V+joSimJFx2cskSREeoj7paspRTKSfT04YwyOt9GCUCP24ghP1eyJHsZSjONSTMVID+dsrxL+8bqaicz+nPM0U4Xi6KMoYVAks+oA9KghWbKQJwoLqv0I8QAJhpVsr6xLml8L/Scu1nKpVvTqp1OqzOkrgAByCY+CAM1ADddAATYDBPXgEz+DFeDCejFfjbTq6YMwye+AHjPcvNciXWg==</latexit>

|q2→
<latexit sha1_base64="irQFpf1wDuMMfYnRKE6CEltA0HU=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapgpWnVXcNNlBfuAdhgyaaYNzSRjkhHKWNz4K25cKOLWr3Dn35jpA1T0QOBwzj3c3BMmjCrtup/WwuLS8spqYa24vrG5tW3v7DaVSCUmDSyYkO0QKcIoJw1NNSPtRBIUh4y0wuFl7rduiVRU8Gs9Sogfoz6nEcVIGymw9++6wvh5PIM3gQfhuCsR7zMS2CXX8S5yQNcpuwanc1KGnuNOUAIz1AP7o9sTOI0J15ghpTqem2g/Q1JTzMi42E0VSRAeoj7pGMpRTJSfTU4YwyOj9GAkpHlcw4n6PZGhWKlRHJrJGOmB+u3l4l9eJ9XRuZ9RnqSacDxdFKUMagHzPmCPSoI1GxmCsKTmrxAPkERYm9aKpoT5pfB/0iw7XsWpXJ2UqrVZHQVwAA7BMfDAGaiCGqiDBsDgHjyCZ/BiPVhP1qv1Nh1dsGaZPfAD1vsXNDqXWQ==</latexit>

|q1→

aux. qubit

measurement
CNOT 
gate

CNOT 
gate

=

system qubits

}

<latexit sha1_base64="ncKWMgaZsJ1OmGk9CUO0xln+Bmw=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GjLaztRd0Y3LKvZB26Fk0kwbmskMSUYoQ//AjQtF3PpH7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC8dXMb91TqVgs7vQkoX6Eh4KFjGBtpNtOp18sIbvsuci5gMh2K14FOYZUDfHOoWOjOUpgiXq/+N4bxCSNqNCEY6W6Dkq0n2GpGeF0WuiliiaYjPGQdg0VOKLKz+aXTuGJUQYwjKUpoeFc/T6R4UipSRSYzgjrkfrtzcS/vG6qw6qfMZGkmgqyWBSmHOoYzt6GAyYp0XxiCCaSmVshGWGJiTbhFEwIX5/C/0nzzHZc270pl2qXyzjy4Agcg1PgAA/UwDWogwYgIAQP4Ak8W2Pr0XqxXhetOWs5cwh+wHr7BOZWjaM=</latexit>

ZZ

product state

parity check

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="vEIXNHW4IgcIZbnjM8psLHLp5ig=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OppQv0IjwQLGcHaSF2EHMcUGhRLyK675apbhch2a67n1Q1BFxXX8aBjowVKYIXmoPjeH8YkjajQhGOleg5KtJ9hqRnhdFbop4ommEzwiPYMFTiiys8W987gmVGGMIylKaHhQv0+keFIqWkUmM4I67H67c3Fv7xeqkPPz5hIUk0FWS4KUw51DOfPwyGTlGg+NQQTycytkIyxxESbiAomhK9P4f+kXbYd13ZvKqXG5SqOPDgBp+AcOKAGGuAaNEELEMDBA3gCz9ad9Wi9WK/L1py1mjkGP2C9fQIV+o67</latexit>

00110010
<latexit sha1_base64="Mk1hxZlXW0l/p/GKBywPbFWlQVM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GpLaTqe7ohuXFewD2qFk0kwbmnmYZIQy9CfcuFDErb/jzr8xfQgqeuDC4Zx7ufcePxFcaYQ+rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZr7nXsmFY+jWz1NmBeSUcQDTok2UhdjhEzhQbGE7LpTrjpViGyn5rhu3RB0UXGwC7GNFiiBFZqD4nt/GNM0ZJGmgijVwyjRXkak5lSwWaGfKpYQOiEj1jM0IiFTXra4dwbPjDKEQSxNRRou1O8TGQmVmoa+6QyJHqvf3lz8y+ulOnC9jEdJqllEl4uCVEAdw/nzcMglo1pMDSFUcnMrpGMiCdUmooIJ4etT+D9pl23s2M5NpdS4XMWRByfgFJwDDGqgAa5BE7QABQI8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJxkKjr0=</latexit>

11001101

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="hnFZEYVv4KojZ62yuVKswWhho7o=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapip7XS6K7pxWcE+oB1KJs20oZmHSUYopT/hxoUibv0dd/6NaTuCih4IHM45l9x7/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6uF37mnQrI4ulXThHohHkUsYAQrLXWtDINiyTLrTrnqVJFlOjXHdeuaWBcVx3aRba5SJcjQHBTf+8OYpCGNFOFYyp5tJcqbYaEY4XRe6KeSJphM8Ij2NI1wSKU3W+47R2daGaIgFvpFCi3V7xMzHEo5DX2dDLEay9/eQvzL66UqcL0Zi5JU0YisPgpSjlSMFsejIROUKD7VBBPB9K6IjLHAROmKCrqEr0vR/6RdNm3HdG4qpcZlVkceTuAUzsGGGjTgGprQAgIcHuAJno0749F4MV5X0ZyRzRzDDxhvnxFkjrg=</latexit>

00000000
<latexit sha1_base64="8yn92ZAX/5QfnUW99vsAAjGDavw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxGME8IFnC7GQ2GTL7cGZWCCE/4cWDIl79HW/+jZNkBRUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT64WfueeCsni6FZNE+qFeBSxgBGstNS1MwyKJcusO+WqU0WW6dQc161rYl1UHNtFtmktUYIMzUHxvT+MSRrSSBGOpezZVqK8GRaKEU7nhX4qaYLJBI9oT9MIh1R6s+W9c3SmlSEKYqErUmipfp+Y4VDKaejrzhCrsfztLcS/vF6qAtebsShJFY3IalGQcqRitHgeDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmk7pnNTKTUuszjycAKncA421KAB19CEFhDg8ABP8GzcGY/Gi/G6as0Z2cwx/IDx9gkdoI7A</latexit>

11111111

<latexit sha1_base64="IQoY/wzNj1S2nTrPmdxWNijLnHI=">AAACIHicdVDLSgMxFM3UV62vUZdugkUQxGFStNVd0Y3LCvYB7VAyadqGZjJDkhHK2E9x46+4caGI7vRrzPRBVfRA4Nxz7k1yjx9xprTrfliZhcWl5ZXsam5tfWNzy97eqakwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH1ymfv2WSsVCcaOHEfUC3BOsywjWRmrbpTvXoCWx6HGaOzIVQvMKobl3bKq517bzroPOU0DXKaSXnM5IASLHHSMPpqi07fdWJyRxQIUmHCvVRG6kvQRLzQino1wrVjTCZIB7tGmowAFVXjJecAQPjNKB3VCaIzQcq98nEhwoNQx80xlg3Ve/vVT8y2vGunvmJUxEsaaCTB7qxhzqEKZpwQ6TlGg+NAQTycxfIeljiYk2maYhzDaF/5NawUFFp3h9ki9fTOPIgj2wDw4BAiVQBlegAqqAgHvwCJ7Bi/VgPVmv1tukNWNNZ3bBD1ifX1gAoAw=</latexit>

|0000→+ |0011→+ |1100→ ↑ |1111→<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0

decode

GHZ state

<latexit sha1_base64="NE/9A8JNS8CSNBoeVf+RbL878d0=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCIISktml6K3rxWMG2QhvKZrttl242YXcjlti/4sWDIl79I978N27bCCr6YODx3gwz84KYUals+8PIrayurW/kNwtb2zu7e+Z+sS2jRGDSwhGLxE2AJGGUk5aiipGbWBAUBox0gsnF3O/cEiFpxK/VNCZ+iEacDilGSkt9s3gPTzPAnkB8xEjfLNlW3S1X3Sq0Lbfmel5dE/us4joedCx7gRLI0Oyb771BhJOQcIUZkrLr2LHyUyQUxYzMCr1EkhjhCRqRrqYchUT66eL2GTzWygAOI6GLK7hQv0+kKJRyGga6M0RqLH97c/Evr5uooeenlMeJIhwvFw0TBlUE50HAARUEKzbVBGFB9a0Qj5FAWOm4CjqEr0/h/6RdthzXcq8qpcZ5FkceHIIjcAIcUAMNcAmaoAUwuAMP4Ak8GzPj0XgxXpetOSObOQA/YLx9AkSLkrY=</latexit>

|++++++++→
<latexit sha1_base64="w4DvGph6pDFIESl8wWM0RU5nRh8=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxAfOAZAmzk95kzOyDmVkhxHyBFw+KePWTvPk3ziYRVLSgoajqprvLTwRX2nE+rNzS8srqWn69sLG5tb1T3N1rqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oKvNbdygVj6MbPU7QC+kg4gFnVBupft8rlhzbvchAHLvsGJx+kTJxbWeGEixQ6xXfu/2YpSFGmgmqVMd1Eu1NqNScCZwWuqnChLIRHWDH0IiGqLzJ7NApOTJKnwSxNBVpMlO/T0xoqNQ49E1nSPVQ/fYy8S+vk+rg3JvwKEk1Rmy+KEgF0THJviZ9LpFpMTaEMsnNrYQNqaRMm2wKJoSvT8n/pFm23YpdqZ+UqpeLOPJwAIdwDC6cQRWuoQYNYIDwAE/wbN1aj9aL9TpvzVmLmX34AevtE0PHjUQ=</latexit>

|
<latexit sha1_base64="UKVPmjMG2xA2wjjjpA9fY84LeSs=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxgnlAsoTZSScZMju7zMwKIeQjvHhQxKvf482/cTYPUNGChqKqm+6uMBFcG8/7dHIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPRTeY3H1BpHst7M04wiOhA8j5n1Fip2VFUDgR2iyXP9a8yEM8texbnS1ImvuvNUIIFat3iR6cXszRCaZigWrd9LzHBhCrDmcBpoZNqTCgb0QG2LZU0Qh1MZudOyYlVeqQfK1vSkJn6fWJCI63HUWg7I2qG+reXiX957dT0L4MJl0lqULL5on4qiIlJ9jvpcYXMiLEllClubyVsSBVlxiZUsCEsPyX/k0bZ9Stu5e6sVL1exJGHIziGU/DhAqpwCzWoA4MRPMIzvDiJ8+S8Om/z1pyzmDmEH3DevwC4x4/Z</latexit>

→+ + + +
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cluster state

| + ⟩

| + ⟩
RZZ = e−i π

4 ZZ

cat state

two-qubit 
parity check

system 
qubit

auxiliary 
qubit

product state

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="vEIXNHW4IgcIZbnjM8psLHLp5ig=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OppQv0IjwQLGcHaSF2EHMcUGhRLyK675apbhch2a67n1Q1BFxXX8aBjowVKYIXmoPjeH8YkjajQhGOleg5KtJ9hqRnhdFbop4ommEzwiPYMFTiiys8W987gmVGGMIylKaHhQv0+keFIqWkUmM4I67H67c3Fv7xeqkPPz5hIUk0FWS4KUw51DOfPwyGTlGg+NQQTycytkIyxxESbiAomhK9P4f+kXbYd13ZvKqXG5SqOPDgBp+AcOKAGGuAaNEELEMDBA3gCz9ad9Wi9WK/L1py1mjkGP2C9fQIV+o67</latexit>

00110010
<latexit sha1_base64="Mk1hxZlXW0l/p/GKBywPbFWlQVM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GpLaTqe7ohuXFewD2qFk0kwbmnmYZIQy9CfcuFDErb/jzr8xfQgqeuDC4Zx7ufcePxFcaYQ+rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZr7nXsmFY+jWz1NmBeSUcQDTok2UhdjhEzhQbGE7LpTrjpViGyn5rhu3RB0UXGwC7GNFiiBFZqD4nt/GNM0ZJGmgijVwyjRXkak5lSwWaGfKpYQOiEj1jM0IiFTXra4dwbPjDKEQSxNRRou1O8TGQmVmoa+6QyJHqvf3lz8y+ulOnC9jEdJqllEl4uCVEAdw/nzcMglo1pMDSFUcnMrpGMiCdUmooIJ4etT+D9pl23s2M5NpdS4XMWRByfgFJwDDGqgAa5BE7QABQI8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJxkKjr0=</latexit>

11001101

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="hnFZEYVv4KojZ62yuVKswWhho7o=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapip7XS6K7pxWcE+oB1KJs20oZmHSUYopT/hxoUibv0dd/6NaTuCih4IHM45l9x7/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6uF37mnQrI4ulXThHohHkUsYAQrLXWtDINiyTLrTrnqVJFlOjXHdeuaWBcVx3aRba5SJcjQHBTf+8OYpCGNFOFYyp5tJcqbYaEY4XRe6KeSJphM8Ij2NI1wSKU3W+47R2daGaIgFvpFCi3V7xMzHEo5DX2dDLEay9/eQvzL66UqcL0Zi5JU0YisPgpSjlSMFsejIROUKD7VBBPB9K6IjLHAROmKCrqEr0vR/6RdNm3HdG4qpcZlVkceTuAUzsGGGjTgGprQAgIcHuAJno0749F4MV5X0ZyRzRzDDxhvnxFkjrg=</latexit>

00000000
<latexit sha1_base64="8yn92ZAX/5QfnUW99vsAAjGDavw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxGME8IFnC7GQ2GTL7cGZWCCE/4cWDIl79HW/+jZNkBRUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT64WfueeCsni6FZNE+qFeBSxgBGstNS1MwyKJcusO+WqU0WW6dQc161rYl1UHNtFtmktUYIMzUHxvT+MSRrSSBGOpezZVqK8GRaKEU7nhX4qaYLJBI9oT9MIh1R6s+W9c3SmlSEKYqErUmipfp+Y4VDKaejrzhCrsfztLcS/vF6qAtebsShJFY3IalGQcqRitHgeDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmk7pnNTKTUuszjycAKncA421KAB19CEFhDg8ABP8GzcGY/Gi/G6as0Z2cwx/IDx9gkdoI7A</latexit>

11111111

<latexit sha1_base64="IQoY/wzNj1S2nTrPmdxWNijLnHI=">AAACIHicdVDLSgMxFM3UV62vUZdugkUQxGFStNVd0Y3LCvYB7VAyadqGZjJDkhHK2E9x46+4caGI7vRrzPRBVfRA4Nxz7k1yjx9xprTrfliZhcWl5ZXsam5tfWNzy97eqakwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH1ymfv2WSsVCcaOHEfUC3BOsywjWRmrbpTvXoCWx6HGaOzIVQvMKobl3bKq517bzroPOU0DXKaSXnM5IASLHHSMPpqi07fdWJyRxQIUmHCvVRG6kvQRLzQino1wrVjTCZIB7tGmowAFVXjJecAQPjNKB3VCaIzQcq98nEhwoNQx80xlg3Ve/vVT8y2vGunvmJUxEsaaCTB7qxhzqEKZpwQ6TlGg+NAQTycxfIeljiYk2maYhzDaF/5NawUFFp3h9ki9fTOPIgj2wDw4BAiVQBlegAqqAgHvwCJ7Bi/VgPVmv1tukNWNNZ3bBD1ifX1gAoAw=</latexit>

|0000→+ |0011→+ |1100→ ↑ |1111→<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="8bWzLPWuo1CjLQ6O2tkJy9L53k4=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3Ucob5ArGLtVKZlDCxq8RxyhVD6vVatVjHjk2WKKA1msP8+2AUsSSAUDNBleo7JNZuSqXmTMA8N0gUxJRN6Rj6hoY0AOWmy0Pn+MIoI+xH0lSo8VL9PpHSQKlZ4JnOgOqJ+u0txL+8fqL9mpvyME40hGy1yE8E1hFefI1HXALTYmYIZZKbWzGbUEmZNtnkTAhfn+L/SadoOxW70ioXGlfrOLLoDJ2jS+SgKmqgG9REbcQQoAf0hJ6tO+vRerFeV60Zaz1zin7AevsE9YeNEw==</latexit>

1
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="FWWLIVzkut2MVro0WeBZAFW1rzM=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuW7Ct0A4lk2ba2ExmSDJCGfoFblwo4tZPcuffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVScSkLbJOaxvA2wopwJ2tZMc3qbSIqjgNNuMLma+917KhWLxY2eJtSP8EiwkBGsjdRCg2IJ2XW3XHWrENluzfW8uiHoouI6HnRstEAJrNAcFN/7w5ikERWacKxUz0GJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni0Bk8M8oQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdej5GRNJqqkgy0VhyqGO4fxrOGSSEs2nhmAimbkVkjGWmGiTTcGE8PUp/J90yrbj2m6rUmpcruLIgxNwCs6BA2qgAa5BE7QBARQ8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJwxRjSI=</latexit>

0
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="1PdldmrVQf0ptgJ5H2XlWmpZVhs=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxmIBJhGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7ma+917KiSLoxs1TagX4lHEAkaw0lLLHhRLlll3ylWniizTqTmuW9fEuqg4tots01qgBCs0B8X3/jAmaUgjRTiWsmdbifIyLBQjnM4K/VTSBJMJHtGephEOqfSyxaEzdKaVIQpioStSaKF+n8hwKOU09HVniNVY/vbm4l9eL1WB62UsSlJFI7JcFKQcqRjNv0ZDJihRfKoJJoLpWxEZY4GJ0tkUdAhfn6L/Sads2o7ptCqlxuUqjjycwCmcgw01aMA1NKENBCg8wBM8G3fGo/FivC5bc8Zq5hh+wHj7BA3VjSM=</latexit>

1
<latexit sha1_base64="Re0UpVNkoybwBkabubWG/mkmmpg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnqSkOUW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4ugog8KHu9VUVXPiwVXmpAPK7OxubW9k93N7e0fHB7lj086KkokgzaLRCR7HlUgeAhtzbWAXiyBBp6Arje9Xvjde5CKR+GtnsXgBnQccp8zqo3UIsN8gdjFWqlMSpjYVeI45Yoh9XqtWqxjxyZLFNAazWH+fTCKWBJAqJmgSvUdEms3pVJzJmCeGyQKYsqmdAx9Q0MagHLT5aFzfGGUEfYjaSrUeKl+n0hpoNQs8ExnQPVE/fYW4l9eP9F+zU15GCcaQrZa5CcC6wgvvsYjLoFpMTOEMsnNrZhNqKRMm2xyJoSvT/H/pFO0nYpdaZULjat1HFl0hs7RJXJQFTXQDWqiNmII0AN6Qs/WnfVovVivq9aMtZ45RT9gvX0C9AONEg==</latexit>

0

decode

Rzz

MEASURE

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="hnFZEYVv4KojZ62yuVKswWhho7o=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapip7XS6K7pxWcE+oB1KJs20oZmHSUYopT/hxoUibv0dd/6NaTuCih4IHM45l9x7/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6uF37mnQrI4ulXThHohHkUsYAQrLXWtDINiyTLrTrnqVJFlOjXHdeuaWBcVx3aRba5SJcjQHBTf+8OYpCGNFOFYyp5tJcqbYaEY4XRe6KeSJphM8Ij2NI1wSKU3W+47R2daGaIgFvpFCi3V7xMzHEo5DX2dDLEay9/eQvzL66UqcL0Zi5JU0YisPgpSjlSMFsejIROUKD7VBBPB9K6IjLHAROmKCrqEr0vR/6RdNm3HdG4qpcZlVkceTuAUzsGGGjTgGprQAgIcHuAJno0749F4MV5X0ZyRzRzDDxhvnxFkjrg=</latexit>

00000000
<latexit sha1_base64="8yn92ZAX/5QfnUW99vsAAjGDavw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxGME8IFnC7GQ2GTL7cGZWCCE/4cWDIl79HW/+jZNkBRUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT64WfueeCsni6FZNE+qFeBSxgBGstNS1MwyKJcusO+WqU0WW6dQc161rYl1UHNtFtmktUYIMzUHxvT+MSRrSSBGOpezZVqK8GRaKEU7nhX4qaYLJBI9oT9MIh1R6s+W9c3SmlSEKYqErUmipfp+Y4VDKaejrzhCrsfztLcS/vF6qAtebsShJFY3IalGQcqRitHgeDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmk7pnNTKTUuszjycAKncA421KAB19CEFhDg8ABP8GzcGY/Gi/G6as0Z2cwx/IDx9gkdoI7A</latexit>

11111111

Rzz

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="vEIXNHW4IgcIZbnjM8psLHLp5ig=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OppQv0IjwQLGcHaSF2EHMcUGhRLyK675apbhch2a67n1Q1BFxXX8aBjowVKYIXmoPjeH8YkjajQhGOleg5KtJ9hqRnhdFbop4ommEzwiPYMFTiiys8W987gmVGGMIylKaHhQv0+keFIqWkUmM4I67H67c3Fv7xeqkPPz5hIUk0FWS4KUw51DOfPwyGTlGg+NQQTycytkIyxxESbiAomhK9P4f+kXbYd13ZvKqXG5SqOPDgBp+AcOKAGGuAaNEELEMDBA3gCz9ad9Wi9WK/L1py1mjkGP2C9fQIV+o67</latexit>

00110010
<latexit sha1_base64="Mk1hxZlXW0l/p/GKBywPbFWlQVM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GpLaTqe7ohuXFewD2qFk0kwbmnmYZIQy9CfcuFDErb/jzr8xfQgqeuDC4Zx7ufcePxFcaYQ+rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZr7nXsmFY+jWz1NmBeSUcQDTok2UhdjhEzhQbGE7LpTrjpViGyn5rhu3RB0UXGwC7GNFiiBFZqD4nt/GNM0ZJGmgijVwyjRXkak5lSwWaGfKpYQOiEj1jM0IiFTXra4dwbPjDKEQSxNRRou1O8TGQmVmoa+6QyJHqvf3lz8y+ulOnC9jEdJqllEl4uCVEAdw/nzcMglo1pMDSFUcnMrpGMiCdUmooIJ4etT+D9pl23s2M5NpdS4XMWRByfgFJwDDGqgAa5BE7QABQI8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJxkKjr0=</latexit>

11001101

X X X

<latexit sha1_base64="gfXItYIq9SIumGtzZu6xKEQbGSI=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ08SstyCXjxGNAskQ+jpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ShRlDVpJCLVCYhmgkvWNNwI1okVI2EgWDuYXM399j1Tmkfyzkxj5odkJPmQU2KsdKv7Xj+Xx26hWizhIsJuBXteqWxJrVatFGrIc/ECeVih0c+99wYRTUImDRVE666HY+OnRBlOBZtle4lmMaETMmJdSyUJmfbTxakzdG6VARpGypY0aKF+n0hJqPU0DGxnSMxY//bm4l9eNzHDqp9yGSeGSbpcNEwEMhGa/40GXDFqxNQSQhW3tyI6JopQY9PJ2hC+PkX/k1bB9cpu+aaUr1+u4sjAKZzBBXhQgTpcQwOaQGEED/AEz45wHp0X53XZuuasZk7gB5y3T378jfk=</latexit>s1
<latexit sha1_base64="Pf3Uzuw+tmOhZC2NJ+y8mKnir0w=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSQtfeyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sNbWNza3tnM7+d29/YPDwtFxW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB5Grud+6pVCwWd3qaUD/CI8FCRrA20q0aeINC0bG9WqnslJBjVx3XLVcMqddrVa+OXNtZoAgrNAeF9/4wJmlEhSYcK9VznUT7GZaaEU5n+X6qaILJBI9oz1CBI6r8bHHqDJ0bZYjCWJoSGi3U7xMZjpSaRoHpjLAeq9/eXPzL66U6rPkZE0mqqSDLRWHKkY7R/G80ZJISzaeGYCKZuRWRMZaYaJNO3oTw9Sn6n7Q9263YlZtysXG5iiMHp3AGF+BCFRpwDU1oAYERPMATPFvcerRerNdl65q1mjmBH7DePgGAgI36</latexit>s2

<latexit sha1_base64="sbF+EtS6ixKLJvf+ybHf37rryuU=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ08SstyCXjxGNAskQ+jpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ShRlDVpJCLVCYhmgkvWNNwI1okVI2EgWDuYXM399j1Tmkfyzkxj5odkJPmQU2KsdKv7xX4uj91CtVjCRYTdCva8UtmSWq1aKdSQ5+IF8rBCo5977w0imoRMGiqI1l0Px8ZPiTKcCjbL9hLNYkInZMS6lkoSMu2ni1Nn6NwqAzSMlC1p0EL9PpGSUOtpGNjOkJix/u3Nxb+8bmKGVT/lMk4Mk3S5aJgIZCI0/xsNuGLUiKklhCpub0V0TBShxqaTtSF8fYr+J62C65Xd8k0pX79cxZGBUziDC/CgAnW4hgY0gcIIHuAJnh3hPDovzuuydc1ZzZzADzhvn4IEjfs=</latexit>s3
<latexit sha1_base64="YnH6j80SzW+1Hj7Y+Z6S7ZLrWZg=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQNfeyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sNbWNza3tnM7+d29/YPDwtFxW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB5Grud+6pVCwWd3qaUD/CI8FCRrA20q0aeINC0bFLtbLnlJFjVx3X9SqG1Ou1aqmOXNtZoAgrNAeF9/4wJmlEhSYcK9VznUT7GZaaEU5n+X6qaILJBI9oz1CBI6r8bHHqDJ0bZYjCWJoSGi3U7xMZjpSaRoHpjLAeq9/eXPzL66U6rPkZE0mqqSDLRWHKkY7R/G80ZJISzaeGYCKZuRWRMZaYaJNO3oTw9Sn6n7RLtluxKzdesXG5iiMHp3AGF+BCFRpwDU1oAYERPMATPFvcerRerNdl65q1mjmBH7DePgGDiI38</latexit>s4

<latexit sha1_base64="xhf/B9DZGV2/sRppStyXKxcmnAE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSmOUW9OIxolkgGUJPpydp0tMzdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+TFnSjvOh5VZW9/Y3Mpu53Z29/YP8odHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6u537mnUrFI3OlpTL0QjwQLGMHaSLdqcDHIFxy7WCuVnRJy7KrjuuWKIfV6rVqsI9d2FijACs1B/r0/jEgSUqEJx0r1XCfWXoqlZoTTWa6fKBpjMsEj2jNU4JAqL12cOkNnRhmiIJKmhEYL9ftEikOlpqFvOkOsx+q3Nxf/8nqJDmpeykScaCrIclGQcKQjNP8bDZmkRPOpIZhIZm5FZIwlJtqkkzMhfH2K/iftou1W7MpNudC4XMWRhRM4hXNwoQoNuIYmtIDACB7gCZ4tbj1aL9brsjVjrWaO4Qest0+FDI39</latexit>s5
<latexit sha1_base64="pDwv+nsd4NHfEypDWinsobcSG2o=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQtabsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLdq4A0KRccu1coVp4wcu+q4bsUzpF6vVUt15NrOAkVYoTkovPeHMUkjKjThWKme6yTaz7DUjHA6y/dTRRNMJnhEe4YKHFHlZ4tTZ+jcKEMUxtKU0Gihfp/IcKTUNApMZ4T1WP325uJfXi/VYc3PmEhSTQVZLgpTjnSM5n+jIZOUaD41BBPJzK2IjLHERJt08iaEr0/R/6Rdsl3P9m4qxcblKo4cnMIZXIALVWjANTShBQRG8ABP8Gxx69F6sV6XrWvWauYEfsB6+wSGkI3+</latexit>s6

<latexit sha1_base64="N+Y+qAgr43LF5wLQn6i1BUliZAM=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQtTbsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLdq4A0KRccu1coVp4wc23Nct1I1pF6veaU6cm1ngSKs0BwU3vvDmKQRFZpwrFTPdRLtZ1hqRjid5fupogkmEzyiPUMFjqjys8WpM3RulCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fqsOZnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06eRPC16fof9Iu2W7Vrt5Uio3LVRw5OIUzuAAXPGjANTShBQRG8ABP8Gxx69F6sV6XrWvWauYEfsB6+wSIFI3/</latexit>s7

DECODE

<latexit sha1_base64="+3uMB2lu1HOr7Kz0DCUapwZsrA0=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRt6WNXdOOygn1AE8pkOmmHTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F0+uF37unUrFY3OlZQv0IjwULGcHaSD0vQwp582Gx5NjlRqXqVJBj1x3XrdYMaTYb9XITubazRAnWaA+L794oJmlEhSYcKzVwnUT7GZaaEU7nBS9VNMFkisd0YKjAEVV+tjx3ji6MMkJhLE0JjZbq94kMR0rNosB0RlhP1G9vIf7lDVIdNvyMiSTVVJDVojDlSMdo8TsaMUmJ5jNDMJHM3IrIBEtMtEmoYEL4+hT9T7pl263ZtdtqqXW1jiMPZ3AOl+BCHVpwA23oAIEpPMATPFuJ9Wi9WK+r1py1njmFH7DePgEuFI+B</latexit>

{s}

<latexit sha1_base64="NE/9A8JNS8CSNBoeVf+RbL878d0=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCIISktml6K3rxWMG2QhvKZrttl242YXcjlti/4sWDIl79I978N27bCCr6YODx3gwz84KYUals+8PIrayurW/kNwtb2zu7e+Z+sS2jRGDSwhGLxE2AJGGUk5aiipGbWBAUBox0gsnF3O/cEiFpxK/VNCZ+iEacDilGSkt9s3gPTzPAnkB8xEjfLNlW3S1X3Sq0Lbfmel5dE/us4joedCx7gRLI0Oyb771BhJOQcIUZkrLr2LHyUyQUxYzMCr1EkhjhCRqRrqYchUT66eL2GTzWygAOI6GLK7hQv0+kKJRyGga6M0RqLH97c/Evr5uooeenlMeJIhwvFw0TBlUE50HAARUEKzbVBGFB9a0Qj5FAWOm4CjqEr0/h/6RdthzXcq8qpcZ5FkceHIIjcAIcUAMNcAmaoAUwuAMP4Ak8GzPj0XgxXpetOSObOQA/YLx9AkSLkrY=</latexit>

|++++++++→
<latexit sha1_base64="w4DvGph6pDFIESl8wWM0RU5nRh8=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxAfOAZAmzk95kzOyDmVkhxHyBFw+KePWTvPk3ziYRVLSgoajqprvLTwRX2nE+rNzS8srqWn69sLG5tb1T3N1rqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oKvNbdygVj6MbPU7QC+kg4gFnVBupft8rlhzbvchAHLvsGJx+kTJxbWeGEixQ6xXfu/2YpSFGmgmqVMd1Eu1NqNScCZwWuqnChLIRHWDH0IiGqLzJ7NApOTJKnwSxNBVpMlO/T0xoqNQ49E1nSPVQ/fYy8S+vk+rg3JvwKEk1Rmy+KEgF0THJviZ9LpFpMTaEMsnNrYQNqaRMm2wKJoSvT8n/pFm23YpdqZ+UqpeLOPJwAIdwDC6cQRWuoQYNYIDwAE/wbN1aj9aL9TpvzVmLmX34AevtE0PHjUQ=</latexit>

|
<latexit sha1_base64="UKVPmjMG2xA2wjjjpA9fY84LeSs=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxgnlAsoTZSScZMju7zMwKIeQjvHhQxKvf482/cTYPUNGChqKqm+6uMBFcG8/7dHIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPRTeY3H1BpHst7M04wiOhA8j5n1Fip2VFUDgR2iyXP9a8yEM8texbnS1ImvuvNUIIFat3iR6cXszRCaZigWrd9LzHBhCrDmcBpoZNqTCgb0QG2LZU0Qh1MZudOyYlVeqQfK1vSkJn6fWJCI63HUWg7I2qG+reXiX957dT0L4MJl0lqULL5on4qiIlJ9jvpcYXMiLEllClubyVsSBVlxiZUsCEsPyX/k0bZ9Stu5e6sVL1exJGHIziGU/DhAqpwCzWoA4MRPMIzvDiJ8+S8Om/z1pyzmDmEH3DevwC4x4/Z</latexit>

→
<latexit sha1_base64="NE/9A8JNS8CSNBoeVf+RbL878d0=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCIISktml6K3rxWMG2QhvKZrttl242YXcjlti/4sWDIl79I978N27bCCr6YODx3gwz84KYUals+8PIrayurW/kNwtb2zu7e+Z+sS2jRGDSwhGLxE2AJGGUk5aiipGbWBAUBox0gsnF3O/cEiFpxK/VNCZ+iEacDilGSkt9s3gPTzPAnkB8xEjfLNlW3S1X3Sq0Lbfmel5dE/us4joedCx7gRLI0Oyb771BhJOQcIUZkrLr2LHyUyQUxYzMCr1EkhjhCRqRrqYchUT66eL2GTzWygAOI6GLK7hQv0+kKJRyGga6M0RqLH97c/Evr5uooeenlMeJIhwvFw0TBlUE50HAARUEKzbVBGFB9a0Qj5FAWOm4CjqEr0/h/6RdthzXcq8qpcZ5FkceHIIjcAIcUAMNcAmaoAUwuAMP4Ak8GzPj0XgxXpetOSObOQA/YLx9AkSLkrY=</latexit>

|++++++++→
<latexit sha1_base64="w4DvGph6pDFIESl8wWM0RU5nRh8=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxAfOAZAmzk95kzOyDmVkhxHyBFw+KePWTvPk3ziYRVLSgoajqprvLTwRX2nE+rNzS8srqWn69sLG5tb1T3N1rqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oKvNbdygVj6MbPU7QC+kg4gFnVBupft8rlhzbvchAHLvsGJx+kTJxbWeGEixQ6xXfu/2YpSFGmgmqVMd1Eu1NqNScCZwWuqnChLIRHWDH0IiGqLzJ7NApOTJKnwSxNBVpMlO/T0xoqNQ49E1nSPVQ/fYy8S+vk+rg3JvwKEk1Rmy+KEgF0THJviZ9LpFpMTaEMsnNrYQNqaRMm2wKJoSvT8n/pFm23YpdqZ+UqpeLOPJwAIdwDC6cQRWuoQYNYIDwAE/wbN1aj9aL9TpvzVmLmX34AevtE0PHjUQ=</latexit>

|
<latexit sha1_base64="UKVPmjMG2xA2wjjjpA9fY84LeSs=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxgnlAsoTZSScZMju7zMwKIeQjvHhQxKvf482/cTYPUNGChqKqm+6uMBFcG8/7dHIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPRTeY3H1BpHst7M04wiOhA8j5n1Fip2VFUDgR2iyXP9a8yEM8texbnS1ImvuvNUIIFat3iR6cXszRCaZigWrd9LzHBhCrDmcBpoZNqTCgb0QG2LZU0Qh1MZudOyYlVeqQfK1vSkJn6fWJCI63HUWg7I2qG+reXiX957dT0L4MJl0lqULL5on4qiIlJ9jvpcYXMiLEllClubyVsSBVlxiZUsCEsPyX/k0bZ9Stu5e6sVL1exJGHIziGU/DhAqpwCzWoA4MRPMIzvDiJ8+S8Om/z1pyzmDmEH3DevwC4x4/Z</latexit>

→

state preparation & quantum circuit

shallow circuit
The circuit depth does not scale 

with the number of qubits.

http://www.thp.uni-koeln.de/trebst/
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fast state preparation 

Rzz

MEASURE

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="hnFZEYVv4KojZ62yuVKswWhho7o=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapip7XS6K7pxWcE+oB1KJs20oZmHSUYopT/hxoUibv0dd/6NaTuCih4IHM45l9x7/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6uF37mnQrI4ulXThHohHkUsYAQrLXWtDINiyTLrTrnqVJFlOjXHdeuaWBcVx3aRba5SJcjQHBTf+8OYpCGNFOFYyp5tJcqbYaEY4XRe6KeSJphM8Ij2NI1wSKU3W+47R2daGaIgFvpFCi3V7xMzHEo5DX2dDLEay9/eQvzL66UqcL0Zi5JU0YisPgpSjlSMFsejIROUKD7VBBPB9K6IjLHAROmKCrqEr0vR/6RdNm3HdG4qpcZlVkceTuAUzsGGGjTgGprQAgIcHuAJno0749F4MV5X0ZyRzRzDDxhvnxFkjrg=</latexit>

00000000
<latexit sha1_base64="8yn92ZAX/5QfnUW99vsAAjGDavw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxGME8IFnC7GQ2GTL7cGZWCCE/4cWDIl79HW/+jZNkBRUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT64WfueeCsni6FZNE+qFeBSxgBGstNS1MwyKJcusO+WqU0WW6dQc161rYl1UHNtFtmktUYIMzUHxvT+MSRrSSBGOpezZVqK8GRaKEU7nhX4qaYLJBI9oT9MIh1R6s+W9c3SmlSEKYqErUmipfp+Y4VDKaejrzhCrsfztLcS/vF6qAtebsShJFY3IalGQcqRitHgeDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmk7pnNTKTUuszjycAKncA421KAB19CEFhDg8ABP8GzcGY/Gi/G6as0Z2cwx/IDx9gkdoI7A</latexit>

11111111

Rzz

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="vEIXNHW4IgcIZbnjM8psLHLp5ig=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1nU53RTcuK9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OppQv0IjwQLGcHaSF2EHMcUGhRLyK675apbhch2a67n1Q1BFxXX8aBjowVKYIXmoPjeH8YkjajQhGOleg5KtJ9hqRnhdFbop4ommEzwiPYMFTiiys8W987gmVGGMIylKaHhQv0+keFIqWkUmM4I67H67c3Fv7xeqkPPz5hIUk0FWS4KUw51DOfPwyGTlGg+NQQTycytkIyxxESbiAomhK9P4f+kXbYd13ZvKqXG5SqOPDgBp+AcOKAGGuAaNEELEMDBA3gCz9ad9Wi9WK/L1py1mjkGP2C9fQIV+o67</latexit>

00110010
<latexit sha1_base64="Mk1hxZlXW0l/p/GKBywPbFWlQVM=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GpLaTqe7ohuXFewD2qFk0kwbmnmYZIQy9CfcuFDErb/jzr8xfQgqeuDC4Zx7ufcePxFcaYQ+rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZr7nXsmFY+jWz1NmBeSUcQDTok2UhdjhEzhQbGE7LpTrjpViGyn5rhu3RB0UXGwC7GNFiiBFZqD4nt/GNM0ZJGmgijVwyjRXkak5lSwWaGfKpYQOiEj1jM0IiFTXra4dwbPjDKEQSxNRRou1O8TGQmVmoa+6QyJHqvf3lz8y+ulOnC9jEdJqllEl4uCVEAdw/nzcMglo1pMDSFUcnMrpGMiCdUmooIJ4etT+D9pl23s2M5NpdS4XMWRByfgFJwDDGqgAa5BE7QABQI8gCfwbN1Zj9aL9bpszVmrmWPwA9bbJxkKjr0=</latexit>

11001101

DECODEX X X

<latexit sha1_base64="gfXItYIq9SIumGtzZu6xKEQbGSI=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ08SstyCXjxGNAskQ+jpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ShRlDVpJCLVCYhmgkvWNNwI1okVI2EgWDuYXM399j1Tmkfyzkxj5odkJPmQU2KsdKv7Xj+Xx26hWizhIsJuBXteqWxJrVatFGrIc/ECeVih0c+99wYRTUImDRVE666HY+OnRBlOBZtle4lmMaETMmJdSyUJmfbTxakzdG6VARpGypY0aKF+n0hJqPU0DGxnSMxY//bm4l9eNzHDqp9yGSeGSbpcNEwEMhGa/40GXDFqxNQSQhW3tyI6JopQY9PJ2hC+PkX/k1bB9cpu+aaUr1+u4sjAKZzBBXhQgTpcQwOaQGEED/AEz45wHp0X53XZuuasZk7gB5y3T378jfk=</latexit>s1
<latexit sha1_base64="Pf3Uzuw+tmOhZC2NJ+y8mKnir0w=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSQtfeyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sNbWNza3tnM7+d29/YPDwtFxW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB5Grud+6pVCwWd3qaUD/CI8FCRrA20q0aeINC0bG9WqnslJBjVx3XLVcMqddrVa+OXNtZoAgrNAeF9/4wJmlEhSYcK9VznUT7GZaaEU5n+X6qaILJBI9oz1CBI6r8bHHqDJ0bZYjCWJoSGi3U7xMZjpSaRoHpjLAeq9/eXPzL66U6rPkZE0mqqSDLRWHKkY7R/G80ZJISzaeGYCKZuRWRMZaYaJNO3oTw9Sn6n7Q9263YlZtysXG5iiMHp3AGF+BCFRpwDU1oAYERPMATPFvcerRerNdl65q1mjmBH7DePgGAgI36</latexit>s2

<latexit sha1_base64="sbF+EtS6ixKLJvf+ybHf37rryuU=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ08SstyCXjxGNAskQ+jpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ShRlDVpJCLVCYhmgkvWNNwI1okVI2EgWDuYXM399j1Tmkfyzkxj5odkJPmQU2KsdKv7xX4uj91CtVjCRYTdCva8UtmSWq1aKdSQ5+IF8rBCo5977w0imoRMGiqI1l0Px8ZPiTKcCjbL9hLNYkInZMS6lkoSMu2ni1Nn6NwqAzSMlC1p0EL9PpGSUOtpGNjOkJix/u3Nxb+8bmKGVT/lMk4Mk3S5aJgIZCI0/xsNuGLUiKklhCpub0V0TBShxqaTtSF8fYr+J62C65Xd8k0pX79cxZGBUziDC/CgAnW4hgY0gcIIHuAJnh3hPDovzuuydc1ZzZzADzhvn4IEjfs=</latexit>s3
<latexit sha1_base64="YnH6j80SzW+1Hj7Y+Z6S7ZLrWZg=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQNfeyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984fQgqeuDC4Zx7ufeeIOFMacf5sNbWNza3tnM7+d29/YPDwtFxW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB5Grud+6pVCwWd3qaUD/CI8FCRrA20q0aeINC0bFLtbLnlJFjVx3X9SqG1Ou1aqmOXNtZoAgrNAeF9/4wJmlEhSYcK9VznUT7GZaaEU5n+X6qaILJBI9oz1CBI6r8bHHqDJ0bZYjCWJoSGi3U7xMZjpSaRoHpjLAeq9/eXPzL66U6rPkZE0mqqSDLRWHKkY7R/G80ZJISzaeGYCKZuRWRMZaYaJNO3oTw9Sn6n7RLtluxKzdesXG5iiMHp3AGF+BCFRpwDU1oAYERPMATPFvcerRerNdl65q1mjmBH7DePgGDiI38</latexit>s4

<latexit sha1_base64="xhf/B9DZGV2/sRppStyXKxcmnAE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaSmOUW9OIxolkgGUJPpydp0tMzdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+TFnSjvOh5VZW9/Y3Mpu53Z29/YP8odHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6u537mnUrFI3OlpTL0QjwQLGMHaSLdqcDHIFxy7WCuVnRJy7KrjuuWKIfV6rVqsI9d2FijACs1B/r0/jEgSUqEJx0r1XCfWXoqlZoTTWa6fKBpjMsEj2jNU4JAqL12cOkNnRhmiIJKmhEYL9ftEikOlpqFvOkOsx+q3Nxf/8nqJDmpeykScaCrIclGQcKQjNP8bDZmkRPOpIZhIZm5FZIwlJtqkkzMhfH2K/iftou1W7MpNudC4XMWRhRM4hXNwoQoNuIYmtIDACB7gCZ4tbj1aL9brsjVjrWaO4Qest0+FDI39</latexit>s5
<latexit sha1_base64="pDwv+nsd4NHfEypDWinsobcSG2o=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQtabsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLdq4A0KRccu1coVp4wcu+q4bsUzpF6vVUt15NrOAkVYoTkovPeHMUkjKjThWKme6yTaz7DUjHA6y/dTRRNMJnhEe4YKHFHlZ4tTZ+jcKEMUxtKU0Gihfp/IcKTUNApMZ4T1WP325uJfXi/VYc3PmEhSTQVZLgpTjnSM5n+jIZOUaD41BBPJzK2IjLHERJt08iaEr0/R/6Rdsl3P9m4qxcblKo4cnMIZXIALVWjANTShBQRG8ABP8Gxx69F6sV6XrWvWauYEfsB6+wSGkI3+</latexit>s6

<latexit sha1_base64="N+Y+qAgr43LF5wLQn6i1BUliZAM=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQtTbsrunFZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s7t5Hf39g8OC0fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLdq4A0KRccu1coVp4wc23Nct1I1pF6veaU6cm1ngSKs0BwU3vvDmKQRFZpwrFTPdRLtZ1hqRjid5fupogkmEzyiPUMFjqjys8WpM3RulCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fqsOZnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06eRPC16fof9Iu2W7Vrt5Uio3LVRw5OIUzuAAXPGjANTShBQRG8ABP8Gxx69F6sV6XrWvWauYEfsB6+wSIFI3/</latexit>s7

<latexit sha1_base64="+3uMB2lu1HOr7Kz0DCUapwZsrA0=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRt6WNXdOOygn1AE8pkOmmHTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F0+uF37unUrFY3OlZQv0IjwULGcHaSD0vQwp582Gx5NjlRqXqVJBj1x3XrdYMaTYb9XITubazRAnWaA+L794oJmlEhSYcKzVwnUT7GZaaEU7nBS9VNMFkisd0YKjAEVV+tjx3ji6MMkJhLE0JjZbq94kMR0rNosB0RlhP1G9vIf7lDVIdNvyMiSTVVJDVojDlSMdo8TsaMUmJ5jNDMJHM3IrIBEtMtEmoYEL4+hT9T7pl263ZtdtqqXW1jiMPZ3AOl+BCHVpwA23oAIEpPMATPFuJ9Wi9WK+r1py1njmFH7DePgEuFI+B</latexit>

{s}

<latexit sha1_base64="NE/9A8JNS8CSNBoeVf+RbL878d0=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCIISktml6K3rxWMG2QhvKZrttl242YXcjlti/4sWDIl79I978N27bCCr6YODx3gwz84KYUals+8PIrayurW/kNwtb2zu7e+Z+sS2jRGDSwhGLxE2AJGGUk5aiipGbWBAUBox0gsnF3O/cEiFpxK/VNCZ+iEacDilGSkt9s3gPTzPAnkB8xEjfLNlW3S1X3Sq0Lbfmel5dE/us4joedCx7gRLI0Oyb771BhJOQcIUZkrLr2LHyUyQUxYzMCr1EkhjhCRqRrqYchUT66eL2GTzWygAOI6GLK7hQv0+kKJRyGga6M0RqLH97c/Evr5uooeenlMeJIhwvFw0TBlUE50HAARUEKzbVBGFB9a0Qj5FAWOm4CjqEr0/h/6RdthzXcq8qpcZ5FkceHIIjcAIcUAMNcAmaoAUwuAMP4Ak8GzPj0XgxXpetOSObOQA/YLx9AkSLkrY=</latexit>

|++++++++→
<latexit sha1_base64="w4DvGph6pDFIESl8wWM0RU5nRh8=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxAfOAZAmzk95kzOyDmVkhxHyBFw+KePWTvPk3ziYRVLSgoajqprvLTwRX2nE+rNzS8srqWn69sLG5tb1T3N1rqjiVDBssFrFs+1Sh4BE2NNcC24lEGvoCW/7oKvNbdygVj6MbPU7QC+kg4gFnVBupft8rlhzbvchAHLvsGJx+kTJxbWeGEixQ6xXfu/2YpSFGmgmqVMd1Eu1NqNScCZwWuqnChLIRHWDH0IiGqLzJ7NApOTJKnwSxNBVpMlO/T0xoqNQ49E1nSPVQ/fYy8S+vk+rg3JvwKEk1Rmy+KEgF0THJviZ9LpFpMTaEMsnNrYQNqaRMm2wKJoSvT8n/pFm23YpdqZ+UqpeLOPJwAIdwDC6cQRWuoQYNYIDwAE/wbN1aj9aL9TpvzVmLmX34AevtE0PHjUQ=</latexit>

|
<latexit sha1_base64="UKVPmjMG2xA2wjjjpA9fY84LeSs=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkNGvUW9OIxgnlAsoTZSScZMju7zMwKIeQjvHhQxKvf482/cTYPUNGChqKqm+6uMBFcG8/7dHIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPRTeY3H1BpHst7M04wiOhA8j5n1Fip2VFUDgR2iyXP9a8yEM8texbnS1ImvuvNUIIFat3iR6cXszRCaZigWrd9LzHBhCrDmcBpoZNqTCgb0QG2LZU0Qh1MZudOyYlVeqQfK1vSkJn6fWJCI63HUWg7I2qG+reXiX957dT0L4MJl0lqULL5on4qiIlJ9jvpcYXMiLEllClubyVsSBVlxiZUsCEsPyX/k0bZ9Stu5e6sVL1exJGHIziGU/DhAqpwCzWoA4MRPMIzvDiJ8+S8Om/z1pyzmDmEH3DevwC4x4/Z</latexit>

→
<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="hnFZEYVv4KojZ62yuVKswWhho7o=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapip7XS6K7pxWcE+oB1KJs20oZmHSUYopT/hxoUibv0dd/6NaTuCih4IHM45l9x7/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6uF37mnQrI4ulXThHohHkUsYAQrLXWtDINiyTLrTrnqVJFlOjXHdeuaWBcVx3aRba5SJcjQHBTf+8OYpCGNFOFYyp5tJcqbYaEY4XRe6KeSJphM8Ij2NI1wSKU3W+47R2daGaIgFvpFCi3V7xMzHEo5DX2dDLEay9/eQvzL66UqcL0Zi5JU0YisPgpSjlSMFsejIROUKD7VBBPB9K6IjLHAROmKCrqEr0vR/6RdNm3HdG4qpcZlVkceTuAUzsGGGjTgGprQAgIcHuAJno0749F4MV5X0ZyRzRzDDxhvnxFkjrg=</latexit>

00000000

HADAMARD

<latexit sha1_base64="UTtCESrpIcW3zDLoMx8NsWzVSXc=">AAACDXicdZDLSgMxFIYz9VbrbdSlm2AVBGFIilbdFd24rGAv0JaSSdM2NJMZkoxQ2r6AG1/FjQtF3Lp359uYmbagoj8c+PnOOSTn9yPBtUHo08ksLC4tr2RXc2vrG5tb7vZOVYexoqxCQxGquk80E1yyiuFGsHqkGAl8wWr+4Crp1+6Y0jyUt2YYsVZAepJ3OSXGorZ7MEYIY1uoqYjsCQaPYW6cEozwjLXdPPLwRSKIvAKyOp2bAsQeSpUHM5Xb7kezE9I4YNJQQbRuYBSZ1ogow6lgk1wz1iwidEB6rGGtJAHTrVF6zQQeWtKB3VDZkgam9PvGiARaDwPfTgbE9PXvXgL/6jVi0z1vjbiMYsMknT7UjQU0IUyigR2uGDViaA2hitu/QtonilBjA8zZEOaXwv9NteDhole8OcmXLmdxZMEe2AdHAIMzUALXoAwqgIJ78AiewYvz4Dw5r87bdDTjzHZ2wQ85718SBph2</latexit>

|00110010→+ |11001101→<latexit sha1_base64="hnFZEYVv4KojZ62yuVKswWhho7o=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgapip7XS6K7pxWcE+oB1KJs20oZmHSUYopT/hxoUibv0dd/6NaTuCih4IHM45l9x7/IQzqSzrw8itrW9sbuW3Czu7e/sHxcOjtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6uF37mnQrI4ulXThHohHkUsYAQrLXWtDINiyTLrTrnqVJFlOjXHdeuaWBcVx3aRba5SJcjQHBTf+8OYpCGNFOFYyp5tJcqbYaEY4XRe6KeSJphM8Ij2NI1wSKU3W+47R2daGaIgFvpFCi3V7xMzHEo5DX2dDLEay9/eQvzL66UqcL0Zi5JU0YisPgpSjlSMFsejIROUKD7VBBPB9K6IjLHAROmKCrqEr0vR/6RdNm3HdG4qpcZlVkceTuAUzsGGGjTgGprQAgIcHuAJno0749F4MV5X0ZyRzRzDDxhvnxFkjrg=</latexit>

00000000
<latexit sha1_base64="8yn92ZAX/5QfnUW99vsAAjGDavw=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmNyWZzC3rxGME8IFnC7GQ2GTL7cGZWCCE/4cWDIl79HW/+jZNkBRUtaCiquunu8hPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT64WfueeCsni6FZNE+qFeBSxgBGstNS1MwyKJcusO+WqU0WW6dQc161rYl1UHNtFtmktUYIMzUHxvT+MSRrSSBGOpezZVqK8GRaKEU7nhX4qaYLJBI9oT9MIh1R6s+W9c3SmlSEKYqErUmipfp+Y4VDKaejrzhCrsfztLcS/vF6qAtebsShJFY3IalGQcqRitHgeDZmgRPGpJpgIpm9FZIwFJkpHVNAhfH2K/iftsmk7pnNTKTUuszjycAKncA421KAB19CEFhDg8ABP8GzcGY/Gi/G6as0Z2cwx/IDx9gkdoI7A</latexit>

11111111

CNOT
CNOT

CNOT

CNOT

CNOT

CNOT

CNOT

shallow circuit deep circuit
The circuit depth does not scale 

with the number of qubits.
The circuit depth scales at least logarithmically 

with the number of qubits.

monitored dynamics unitary dynamics

long-range entanglement

H

http://www.thp.uni-koeln.de/trebst/
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cluster state

| + ⟩

| + ⟩
RZZ = e−i π

4 ZZ

cat statesystem 
qubit

auxiliary 
qubit

two-qubit 
parity check

two-dimensional quantum states

http://www.thp.uni-koeln.de/trebst/
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cat statesystem 
qubit

auxiliary 
qubit

two-qubit 
parity check

two-dimensional quantum states

cluster state

| + ⟩

| + ⟩
RZZ = e−i π

4 ZZ

percolation 
transition

Robert Raussendorf and Hans J. Briegel, 

A One-Way Quantum Computer,  
Phys. Rev. Lett. 86, 5188 (2001)

http://www.thp.uni-koeln.de/trebst/
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cluster state

| + ⟩

| + ⟩
RZZ = e−i π

4 ZZ

cat statetoric code system 
qubit

auxiliary 
qubit

two-qubit 
parity check

system 
qubit

auxiliary 
qubit

four-qubit 
stabilizer

two-dimensional quantum states

http://www.thp.uni-koeln.de/trebst/
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Why is this a toric code?

toric code system 
qubit

auxiliary 
qubit

four-qubit 
stabilizer

four-qubit 
stabilizer

http://www.thp.uni-koeln.de/trebst/
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four-qubit 
stabilizer

four-qubit 
stabilizer

two-qubit 
stabilizer

Why is this a toric code?

http://www.thp.uni-koeln.de/trebst/
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Why is this a toric code?

four-qubit 
stabilizer

two-qubit 
stabilizer

rotated surface code

ZZZZ 
stabilizer

XXXX 
stabilizer

http://www.thp.uni-koeln.de/trebst/
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rotated surface code
open boundaries 

(rotated surface code)

d=7 code

auxiliary 
qubit

computation 
qubit

49 computational qubits 
48 auxiliary qubits

ZZZZ 
stabilizer

XXXX 
stabilizer

Kitaev (1997)

The toric/surface code was conceived 

as a measurement protocol.

e f

h g

e

f

h

g

<latexit sha1_base64="os+BnPWCqOxuUaPVS9d9v/G6D+A=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0UQhJAUrborunFZwT4gDWUynbRDJ5MwcyOU2M9w40IRt36NO//GSR+gogcuHM65l3vvCRLBNTjOp1VYWl5ZXSuulzY2t7Z3yrt7LR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Dr32/dMaR7LOxgnzI/IQPKQUwJG8h7wCe4qIgeC9coVx3Yvc2DHrjoGZwtSxa7tTFFBczR65Y9uP6ZpxCRQQbT2XCcBPyMKOBVsUuqmmiWEjsiAeYZKEjHtZ9OTJ/jIKH0cxsqUBDxVv09kJNJ6HAWmMyIw1L+9XPzL81IIL/yMyyQFJulsUZgKDDHO/8d9rhgFMTaEUMXNrZgOiSIUTEolE8LiU/w/aVVtt2bXbk8r9at5HEV0gA7RMXLROaqjG9RATURRjB7RM3qxwHqyXq23WWvBms/sox+w3r8Asv2Q6A==</latexit>

|+i

=

<latexit sha1_base64="qz8jITZ6LEmcjVL/hElb3yhxfFU=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbB05LVUuut6MVjC/YD2qVk02wbm80uSVYopb/AiwdFvPqTvPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Hrut++Z0jyWt2aSMD8iQ8lDTomxUqPTL5awe35pUUXYLWOMPZwRfI48Fy9Qggz1fvG9N4hpGjFpqCBadz2cGH9KlOFUsFmhl2qWEDomQ9a1VJKIaX+6OHSGTqwyQGGsbEmDFur3iSmJtJ5Ege2MiBnp395c/Mvrpias+lMuk9QwSZeLwlQgE6P512jAFaNGTCwhVHF7K6Ijogg1NpuCDeHrU/Q/aZ25XsWtNMql2lUWRx6O4BhOwYMLqMEN1KEJFBg8wBM8O3fOo/PivC5bc042cwg/4Lx9AhAkjSI=</latexit>

X

a b

d c

a

b

d

c

<latexit sha1_base64="7mfKx5AMj7o81Dg0aBbjnI3qMkg=">AAAB8nicdVDLSgNBEOz1GeMr6tHLYBA8LbNBo96CXjxGMA/YLGF2MkmGzM4uM7NCWPMZXjwo4tWv8ebfOJsHqGhBQ1HVTXdXmAiuDcafztLyyuraemGjuLm1vbNb2ttv6jhVlDVoLGLVDolmgkvWMNwI1k4UI1EoWCscXed+654pzWN5Z8YJCyIykLzPKTFW8h8QRh1F5ECwbqmMXe8yB8JuBVucLUgFeS6eogxz1Lulj04vpmnEpKGCaO17ODFBRpThVLBJsZNqlhA6IgPmWypJxHSQTU+eoGOr9FA/VrakQVP1+0RGIq3HUWg7I2KG+reXi395fmr6F0HGZZIaJulsUT8VyMQo/x/1uGLUiLElhCpub0V0SBShxqZUtCEsPkX/k2bF9apu9fa0XLuax1GAQziCE/DgHGpwA3VoAIUYHuEZXhzjPDmvztusdcmZzxzADzjvX7q5kO0=</latexit>

|0i

=

<latexit sha1_base64="uyVeypQKMHk4RUOWASdlP9RBKHc=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKldjq7ohuXLdgHtkPJpJk2NpMZkoxQhn6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OhpQv0IjwQLGcHaSM3bQbGEbM9zL1wHIrvmeV7FNcT1ygg50LHRAiWwQmNQfO8PY5JGVGjCsVI9ByXaz7DUjHA6K/RTRRNMJnhEe4YKHFHlZ4tDZ/DMKEMYxtKU0HChfp/IcKTUNApMZ4T1WP325uJfXi/VYc3PmEhSTQVZLgpTDnUM51/DIZOUaD41BBPJzK2QjLHERJtsCiaEr0/h/6Rdtp2qXW1WSvXLVRx5cAJOwTlwgAvq4Bo0QAsQQMEDeALP1p31aL1Yr8vWnLWaOQY/YL19AlJejVA=</latexit>

Z

http://www.thp.uni-koeln.de/trebst/
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cluster state cat statetoric code

two-dimensional quantum states

Z2 → Z(1)
2

short-range entangled 
SPT order

Z(1)
2

long-range entangled 
topological order

Z2

long-range entangled 
quantum order

N. Tantivasadakarn, R. Thorngren, A. Vishwanath, and R. Verresen, Long-Range Entanglement from Measuring Symmetry-Protected Topological Phases, PRX 14, 021040 (2024)

http://www.thp.uni-koeln.de/trebst/
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• measurements are a powerful tool to create entangled states 

• shallow circuit constructions for cat & toric code states


• trade-off in form of auxiliary qubits and decoding 

• preparation of non-Abelian topological order also possible 

• open questions


• stability of protocols 

• thresholds & critical phenomenology 

• implementation on quantum processors

state preparation by measurement
Raussendorf & Briegel, PRL 86, 5188 (2001) 

Tantivasadakarn et al., PRX 14, 021040 (2024)

N. Tantivasadakarn,  R. Verresen, and A. Vishwanath, 

Shortest Route to Non-Abelian Topological Order on a Quantum Processor,  
Phys. Rev. Lett. 131, 060405 (2023)

Erez Berg’s 

talk tomorrow

tomorrow’s 
lecture}

http://www.thp.uni-koeln.de/trebst/
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<latexit sha1_base64="xdOYoNKTHnwC3YmQsuS/VNS8tvY=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbNBo94CXnKMYB6wWcLspDcZMju7zMwKIeYzvHhQxKtf482/cTYPUNGChqKqm+6uMBVcG0I+nZXVtfWNzcJWcXtnd2+/dHDY0kmmGDRZIhLVCakGwSU0DTcCOqkCGocC2uHoJvfb96A0T+SdGacQxHQgecQZNVbyHzDBXUXlQECvVCaud50DE7dCLC6WpII9l8xQRgs0eqWPbj9hWQzSMEG19j2SmmBCleFMwLTYzTSklI3oAHxLJY1BB5PZyVN8apU+jhJlSxo8U79PTGis9TgObWdMzVD/9nLxL8/PTHQVTLhMMwOSzRdFmcAmwfn/uM8VMCPGllCmuL0VsyFVlBmbUtGGsPwU/09aFderutXb83KtvoijgI7RCTpDHrpENVRHDdREDCXoET2jF8c4T86r8zZvXXEWM0foB5z3L7yHkPM=</latexit>

|0→
<latexit sha1_base64="J7U5i6VeoTqcYwXesRCAJYzeYno=">AAAB9HicdVDLSsNAFL2pr1pfVZduBovgKiRFq+4KbrqsYB/QhjKZTtqhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR7eZ35pQqVgk7vU0pl6IB4IFjGBtJO8BjXsu6kosBpz2iiXHdm8yIMcuOwaXK1JGru3MUYIl6r3iR7cfkSSkQhOOleq4Tqy9FEvNCKezQjdRNMZkhAe0Y6jAIVVeOj96hs6M0kdBJE0Jjebq94kUh0pNQ990hlgP1W8vE//yOokOrr2UiTjRVJDFoiDhSEcoSwD1maRE86khmEhmbkVkiCUm2uRUMCGsPkX/k2bZdit25e6iVK0t48jDCZzCObhwBVWoQR0aQGAMj/AML9bEerJerbdFa85azhzDD1jvX0xckdg=</latexit>

|q1→
<latexit sha1_base64="HnQcuYJ6hj0A7HzcC+k+qJr09mc=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKiVXcFN11WsA9oQ5lMb9qhk0k6MymU2O9w40IRt36MO//GSR+gogcuHM65l3vv8WPOlHacTyu3tr6xuZXfLuzs7u0fFA+PmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3WZ+awJSsUjc62kMXkgGggWMEm0k7wGPe2XclUQMOPSKJcd2bzJgxy47BpcrUsau7cxRQkvUe8WPbj+iSQhCU06U6rhOrL2USM0oh1mhmyiICR2RAXQMFSQE5aXzo2f4zCh9HETSlNB4rn6fSEmo1DT0TWdI9FD99jLxL6+T6ODaS5mIEw2CLhYFCcc6wlkCuM8kUM2nhhAqmbkV0yGRhGqTU8GEsPoU/0+aZdut2JW7i1K1towjj07QKTpHLrpCVVRDddRAFI3RI3pGL9bEerJerbdFa85azhyjH7DevwBN6JHZ</latexit>

|q2→

<latexit sha1_base64="SCSP+rVNPqy1mWLKmn5nJ8cSz2A=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno06y3gJccEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLIKKPih4vFdFVT0vFlxpQj6szMbm1vZOdje3t39weJQ/PumoKJEM2iwSkex5VIHgIbQ11wJ6sQQaeAK63vRm4XfvQSoehbd6FoMb0HHIfc6oNlJLDfMFYpNykdRKmNgl4lSvnRWpVSrYsckSBbRGc5h/H4wilgQQaiaoUn2HxNpNqdScCZjnBomCmLIpHUPf0JAGoNx0eegcXxhlhP1Imgo1XqrfJ1IaKDULPNMZUD1Rv72F+JfXT7RfdVMexomGkK0W+YnAOsKLr/GIS2BazAyhTHJzK2YTKinTJpucCeHrU/w/6VzZTtkut4qFemMdRxadoXN0iRxUQXXUQE3URgwBekBP6Nm6sx6tF+t11Zqx1jOn6Aest09KiI1P</latexit>s
<latexit sha1_base64="Dn5L3T06XaSkziDLwYXY79ioYV8=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRBq+4KbrqsYB/QhDCZTtqhk0mcmQglFjf+ihsXirj1K9z5N076ABU9MHA45x7u3BOmjEpl25/GwuLS8spqaa28vrG5tW3u7LZkkglMmjhhieiESBJGOWkqqhjppIKgOGSkHQ4vC799S4SkCb9Wo5T4MepzGlGMlJYCc//OS7RfxHN4E7gQjj2BeJ+RwKzYlnNRANqWa2uczokLHcueoAJmaATmh9dLcBYTrjBDUnYdO1V+joSimJFx2cskSREeoj7paspRTKSfT04YwyOt9GCUCP24ghP1eyJHsZSjONSTMVID+dsrxL+8bqaicz+nPM0U4Xi6KMoYVAks+oA9KghWbKQJwoLqv0I8QAJhpVsr6xLml8L/Scu1nKpVvTqp1OqzOkrgAByCY+CAM1ADddAATYDBPXgEz+DFeDCejFfjbTq6YMwye+AHjPcvNciXWg==</latexit>

|q2→
<latexit sha1_base64="irQFpf1wDuMMfYnRKE6CEltA0HU=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapgpWnVXcNNlBfuAdhgyaaYNzSRjkhHKWNz4K25cKOLWr3Dn35jpA1T0QOBwzj3c3BMmjCrtup/WwuLS8spqYa24vrG5tW3v7DaVSCUmDSyYkO0QKcIoJw1NNSPtRBIUh4y0wuFl7rduiVRU8Gs9Sogfoz6nEcVIGymw9++6wvh5PIM3gQfhuCsR7zMS2CXX8S5yQNcpuwanc1KGnuNOUAIz1AP7o9sTOI0J15ghpTqem2g/Q1JTzMi42E0VSRAeoj7pGMpRTJSfTU4YwyOj9GAkpHlcw4n6PZGhWKlRHJrJGOmB+u3l4l9eJ9XRuZ9RnqSacDxdFKUMagHzPmCPSoI1GxmCsKTmrxAPkERYm9aKpoT5pfB/0iw7XsWpXJ2UqrVZHQVwAA7BMfDAGaiCGqiDBsDgHjyCZ/BiPVhP1qv1Nh1dsGaZPfAD1vsXNDqXWQ==</latexit>

|q1→

aux. qubit

measurement
CNOT 
gate

CNOT 
gate

=
<latexit sha1_base64="WCGuWJa1atRL+SlezZz1t/sQ2eY=">AAAB6XicdZDLSgMxFIbP1Futt6pLN8EiuBoyxbYui25cVrF2oB1KJs20oZkLSUYoQ9/AjQtF3PpG7nwbM+0IKvpD4PD955Bzfj8RXGmMP6zSyura+kZ5s7K1vbO7V90/uFNxKinr0ljE0vWJYoJHrKu5FsxNJCOhL1jPn17mfu+eScXj6FbPEuaFZBzxgFOiDbpx3WG1hu0GduotjLCNF0I5qTcbGDkFqUGhzrD6PhjFNA1ZpKkgSvUdnGgvI1JzKti8MkgVSwidkjHrmzIiIVNetth0jk4MGaEgluZFGi3o94mMhErNQt90hkRP1G8vh395/VQH517GoyTVLKLLj4JUIB2j/Gw04pJRLWamIFRysyuiEyIJ1Sacignh61L0f3FXt52m3bg+q7UvijjKcATHcAoOtKANV9CBLlAI4AGe4NmaWo/Wi/W6bC1Zxcwh/JD19gmTUI1p</latexit>

XX
<latexit sha1_base64="GlC3nqec8+6J5ITpmqTrB8Ap1fA=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ6bttLorunFZxb5oh5JJM21oJjMkGaEM/QM3LhRx6x+5829MpxVU9MCFwzn3cu89fsyZ0gh9WCura+sbm7mt/PbO7t5+4eCwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/cjX32/dUKhaJOz2NqRfikWABI1gb6bbbHRSKyEbuRRW5ENkuKlUq5YygGipDx0YZimCJxqDw3h9GJAmp0IRjpXoOirWXYqkZ4XSW7yeKxphM8Ij2DBU4pMpLs0tn8NQoQxhE0pTQMFO/T6Q4VGoa+qYzxHqsfntz8S+vl+jg3EuZiBNNBVksChIOdQTnb8Mhk5RoPjUEE8nMrZCMscREm3DyJoSvT+H/pFWynart3lSK9ctlHDlwDE7AGXBADdTBNWiAJiAgAA/gCTxbE+vRerFeF60r1nLmCPyA9fYJuvSNhA==</latexit>

Y Y

<latexit sha1_base64="zRft+9aSjrqrjB/j9g3o1D8R18c=">AAAB7XicdVDLSgNBEJz1GeMr6tHLYBA8LbtBo94CXnKMYB6QLGF2djYZMzuzzPQKIeQfvHhQxKv/482/cTYPUNGChqKqm+6uMBXcgOd9Oiura+sbm4Wt4vbO7t5+6eCwZVSmKWtSJZTuhMQwwSVrAgfBOqlmJAkFa4ejm9xvPzBtuJJ3ME5ZkJCB5DGnBKzU6olIgemXyp7rX+fAnlvxLC6WpIJ915uhjBZo9EsfvUjRLGESqCDGdH0vhWBCNHAq2LTYywxLCR2RAetaKknCTDCZXTvFp1aJcKy0LQl4pn6fmJDEmHES2s6EwND89nLxL6+bQXwVTLhMM2CSzhfFmcCgcP46jrhmFMTYEkI1t7diOiSaULABFW0Iy0/x/6RVcf2qW709L9fqizgK6BidoDPko0tUQ3XUQE1E0T16RM/oxVHOk/PqvM1bV5zFzBH6Aef9CxVrj4I=</latexit>. . .

parity checks in different basis checks instead of projectors
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i S

y
j
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j

<latexit sha1_base64="WCGuWJa1atRL+SlezZz1t/sQ2eY=">AAAB6XicdZDLSgMxFIbP1Futt6pLN8EiuBoyxbYui25cVrF2oB1KJs20oZkLSUYoQ9/AjQtF3PpG7nwbM+0IKvpD4PD955Bzfj8RXGmMP6zSyura+kZ5s7K1vbO7V90/uFNxKinr0ljE0vWJYoJHrKu5FsxNJCOhL1jPn17mfu+eScXj6FbPEuaFZBzxgFOiDbpx3WG1hu0GduotjLCNF0I5qTcbGDkFqUGhzrD6PhjFNA1ZpKkgSvUdnGgvI1JzKti8MkgVSwidkjHrmzIiIVNetth0jk4MGaEgluZFGi3o94mMhErNQt90hkRP1G8vh395/VQH517GoyTVLKLLj4JUIB2j/Gw04pJRLWamIFRysyuiEyIJ1Sacignh61L0f3FXt52m3bg+q7UvijjKcATHcAoOtKANV9CBLlAI4AGe4NmaWo/Wi/W6bC1Zxcwh/JD19gmTUI1p</latexit>

XX

<latexit sha1_base64="GlC3nqec8+6J5ITpmqTrB8Ap1fA=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ6bttLorunFZxb5oh5JJM21oJjMkGaEM/QM3LhRx6x+5829MpxVU9MCFwzn3cu89fsyZ0gh9WCura+sbm7mt/PbO7t5+4eCwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/cjX32/dUKhaJOz2NqRfikWABI1gb6bbbHRSKyEbuRRW5ENkuKlUq5YygGipDx0YZimCJxqDw3h9GJAmp0IRjpXoOirWXYqkZ4XSW7yeKxphM8Ij2DBU4pMpLs0tn8NQoQxhE0pTQMFO/T6Q4VGoa+qYzxHqsfntz8S+vl+jg3EuZiBNNBVksChIOdQTnb8Mhk5RoPjUEE8nMrZCMscREm3DyJoSvT+H/pFWynart3lSK9ctlHDlwDE7AGXBADdTBNWiAJiAgAA/gCTxbE+vRerFeF60r1nLmCPyA9fYJuvSNhA==</latexit>

Y Y

Hamiltonian dynamicsmeasurement dynamics

new toolbox for quantum many-body physics

data qubits

}

joint measurements & entanglement 

<latexit sha1_base64="ncKWMgaZsJ1OmGk9CUO0xln+Bmw=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GjLaztRd0Y3LKvZB26Fk0kwbmskMSUYoQ//AjQtF3PpH7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC8dXMb91TqVgs7vQkoX6Eh4KFjGBtpNtOp18sIbvsuci5gMh2K14FOYZUDfHOoWOjOUpgiXq/+N4bxCSNqNCEY6W6Dkq0n2GpGeF0WuiliiaYjPGQdg0VOKLKz+aXTuGJUQYwjKUpoeFc/T6R4UipSRSYzgjrkfrtzcS/vG6qw6qfMZGkmgqyWBSmHOoYzt6GAyYp0XxiCCaSmVshGWGJiTbhFEwIX5/C/0nzzHZc270pl2qXyzjy4Agcg1PgAA/UwDWogwYgIAQP4Ak8W2Pr0XqxXhetOWs5cwh+wHr7BOZWjaM=</latexit>

ZZ

<latexit sha1_base64="ncKWMgaZsJ1OmGk9CUO0xln+Bmw=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GjLaztRd0Y3LKvZB26Fk0kwbmskMSUYoQ//AjQtF3PpH7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC8dXMb91TqVgs7vQkoX6Eh4KFjGBtpNtOp18sIbvsuci5gMh2K14FOYZUDfHOoWOjOUpgiXq/+N4bxCSNqNCEY6W6Dkq0n2GpGeF0WuiliiaYjPGQdg0VOKLKz+aXTuGJUQYwjKUpoeFc/T6R4UipSRSYzgjrkfrtzcS/vG6qw6qfMZGkmgqyWBSmHOoYzt6GAyYp0XxiCCaSmVshGWGJiTbhFEwIX5/C/0nzzHZc270pl2qXyzjy4Agcg1PgAA/UwDWogwYgIAQP4Ak8W2Pr0XqxXhetOWs5cwh+wHr7BOZWjaM=</latexit>

ZZ
<latexit sha1_base64="P94Ma0JAXmLaRoc+iMRTl5My1zA=">AAAB8XicdVDLTsMwEHTKq5RXgSMXiwqJU5RAm5RbBReORdCHaEPluE5r6jiR7SCVqH/BhQMIceVvuPE3OG2RAMFItkYzu9rd8WNGpbKsDyO3sLi0vJJfLaytb2xuFbd3mjJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyR2eZ37ojQtKIX6lxTLwQDTgNKEZKS9eXN/c9mn23vWLJMsuuY9kn0DKdiluxbE2qmrjH0DatKUpgjnqv+N7tRzgJCVeYISk7thUrL0VCUczIpNBNJIkRHqEB6WjKUUikl043nsADrfRhEAn9uIJT9XtHikIpx6GvK0OkhvK3l4l/eZ1EBVUvpTxOFOF4NihIGFQRzM6HfSoIVmysCcKC6l0hHiKBsNIhFXQIX5fC/0nzyLQd07kol2qn8zjyYA/sg0NgAxfUwDmogwbAgIMH8ASeDWk8Gi/G66w0Z8x7dsEPGG+f+DuRJg==</latexit>

Sz
i S

z
j

http://www.thp.uni-koeln.de/trebst/
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Hamiltonian vs. monitored dynamics

Hamiltonian dynamics measurement dynamics

• equilibrium dynamics of isolated systems

• unitary evolution

• energy conserved

• quantum ground states

• area-law entanglement structures

• macroscopic entanglement (spin liquids)

• out-of-equilibrium dynamics of open systems

• non-unitary evolution

• energy not conserved

• long-time steady states 
• plethora of entanglement structures

• macroscopic entanglement (spin liquids)

Sz
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z
j

Sy
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j
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i S
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<latexit sha1_base64="WCGuWJa1atRL+SlezZz1t/sQ2eY=">AAAB6XicdZDLSgMxFIbP1Futt6pLN8EiuBoyxbYui25cVrF2oB1KJs20oZkLSUYoQ9/AjQtF3PpG7nwbM+0IKvpD4PD955Bzfj8RXGmMP6zSyura+kZ5s7K1vbO7V90/uFNxKinr0ljE0vWJYoJHrKu5FsxNJCOhL1jPn17mfu+eScXj6FbPEuaFZBzxgFOiDbpx3WG1hu0GduotjLCNF0I5qTcbGDkFqUGhzrD6PhjFNA1ZpKkgSvUdnGgvI1JzKti8MkgVSwidkjHrmzIiIVNetth0jk4MGaEgluZFGi3o94mMhErNQt90hkRP1G8vh395/VQH517GoyTVLKLLj4JUIB2j/Gw04pJRLWamIFRysyuiEyIJ1Sacignh61L0f3FXt52m3bg+q7UvijjKcATHcAoOtKANV9CBLlAI4AGe4NmaWo/Wi/W6bC1Zxcwh/JD19gmTUI1p</latexit>

XX

<latexit sha1_base64="GlC3nqec8+6J5ITpmqTrB8Ap1fA=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ6bttLorunFZxb5oh5JJM21oJjMkGaEM/QM3LhRx6x+5829MpxVU9MCFwzn3cu89fsyZ0gh9WCura+sbm7mt/PbO7t5+4eCwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/cjX32/dUKhaJOz2NqRfikWABI1gb6bbbHRSKyEbuRRW5ENkuKlUq5YygGipDx0YZimCJxqDw3h9GJAmp0IRjpXoOirWXYqkZ4XSW7yeKxphM8Ij2DBU4pMpLs0tn8NQoQxhE0pTQMFO/T6Q4VGoa+qYzxHqsfntz8S+vl+jg3EuZiBNNBVksChIOdQTnb8Mhk5RoPjUEE8nMrZCMscREm3DyJoSvT+H/pFWynart3lSK9ctlHDlwDE7AGXBADdTBNWiAJiAgAA/gCTxbE+vRerFeF60r1nLmCPyA9fYJuvSNhA==</latexit>

Y Y

<latexit sha1_base64="64f/jKlu4XPeae+U0VE1rr7Kbzw=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GjLqtJ1d0Y3LKvZB26Fk0kwbmskMSUYoQ//AjQtF3PpH7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC8dXMb91TqVgs7vQkoX6Eh4KFjGBtpNtOp18sIRu5nocciGwXOW4VGeJ55WrlHDo2mqMElqj3i++9QUzSiApNOFaq66BE+xmWmhFOp4VeqmiCyRgPaddQgSOq/Gx+6RSeGGUAw1iaEhrO1e8TGY6UmkSB6YywHqnf3kz8y+umOqz6GRNJqqkgi0VhyqGO4extOGCSEs0nhmAimbkVkhGWmGgTTsGE8PUp/J80z2ynbLs3F6Xa5TKOPDgCx+AUOKACauAa1EEDEBCCB/AEnq2x9Wi9WK+L1py1nDkEP2C9fQLkLY2h</latexit>

ZZ

qubit

spin-1/2

Clifford 

gates

magnetic 
exchange quantum


materials
quantum

circuits

<latexit sha1_base64="h3MjxLmM3TD1m6QGotq/MDt6QXQ=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgackWdeut6KXHCtYWtkvJptk2NJssSVYoSx/DiwdFvPo03nwb03YFFR0IDDPfR+abKOVMG4Q+nNLK6tr6RnmzsrW9s7tX3T+40zJThHaI5FL1IqwpZ4J2DDOc9lJFcRJx2o0m13O/e0+VZlLcmmlKwwSPBIsZwcZKQT/BZkwwz1uzQbWGXP/SwofIbSCE6l5BkA89Fy1QAwXag+p7fyhJllBhCMdaBx5KTZhjZRjhdFbpZ5qmmEzwiAaWCpxQHeaLyDN4YpUhjKWyTxi4UL9v5DjReppEdnIeUf/25uJfXpCZuBHmTKSZoYIsP4ozDo2E8/vhkClKDJ9agoliNiskY6wwMbalii3h61L4P7mru96Fe35zVmteFXWUwRE4BqfAAz5oghZogw4gQIIH8ASeHeM8Oi/O63K05BQ7h+AHnLdP7XuRtA==</latexit>

H
frustration

http://www.thp.uni-koeln.de/trebst/
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random projective Kitaev measurements

Clifford circuit 

even interacting problem can be simulated in 
polynomial time (in Heisenberg picture)

c
c

c c
c

u
u

uc

Majorana interaction

  Majorana surface code→

Nahum, Skinner 2020; Lavasani, Luo, Vijay 2023; Sriram, Rakovszky, Khemani, Ippoliti 2023; Zhu, Tantivasadakarn, ST 2023: + Majorana interaction

<latexit sha1_base64="rTQUr/Rkll52wx82jfAEXraDAdI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadnVJBtvQS8eo5gHSZYwO5lNhszOLjOzQgj5Ay8eFPHqH3nzb5w8BBUtaCiquunuChLOlHacDyuzsrq2vpHdzG1t7+zu5fcPGipOJaF1EvNYtgKsKGeC1jXTnLYSSXEUcNoMRlczv3lPpWKxuNPjhPoRHggWMoK1kW7b7V6+4NhFr+y4F8ixyyWv5LiGVAzxzpFrO3MUYIlaL//e7cckjajQhGOlOq6TaH+CpWaE02mumyqaYDLCA9oxVOCIKn8yv3SKTozSR2EsTQmN5ur3iQmOlBpHgemMsB6q395M/MvrpDqs+BMmklRTQRaLwpQjHaPZ26jPJCWajw3BRDJzKyJDLDHRJpycCeHrU/Q/aZzZbtku3RQL1ctlHFk4gmM4BRc8qMI11KAOBEJ4gCd4tkbWo/VivS5aM9Zy5hB+wHr7BOYEjaI=</latexit>

ZZ
<latexit sha1_base64="WCGuWJa1atRL+SlezZz1t/sQ2eY=">AAAB6XicdZDLSgMxFIbP1Futt6pLN8EiuBoyxbYui25cVrF2oB1KJs20oZkLSUYoQ9/AjQtF3PpG7nwbM+0IKvpD4PD955Bzfj8RXGmMP6zSyura+kZ5s7K1vbO7V90/uFNxKinr0ljE0vWJYoJHrKu5FsxNJCOhL1jPn17mfu+eScXj6FbPEuaFZBzxgFOiDbpx3WG1hu0GduotjLCNF0I5qTcbGDkFqUGhzrD6PhjFNA1ZpKkgSvUdnGgvI1JzKti8MkgVSwidkjHrmzIiIVNetth0jk4MGaEgluZFGi3o94mMhErNQt90hkRP1G8vh395/VQH517GoyTVLKLLj4JUIB2j/Gw04pJRLWamIFRysyuiEyIJ1Sacignh61L0f3FXt52m3bg+q7UvijjKcATHcAoOtKANV9CBLlAI4AGe4NmaWo/Wi/W6bC1Zxcwh/JD19gmTUI1p</latexit>

XX
<latexit sha1_base64="GlC3nqec8+6J5ITpmqTrB8Ap1fA=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ6bttLorunFZxb5oh5JJM21oJjMkGaEM/QM3LhRx6x+5829MpxVU9MCFwzn3cu89fsyZ0gh9WCura+sbm7mt/PbO7t5+4eCwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/cjX32/dUKhaJOz2NqRfikWABI1gb6bbbHRSKyEbuRRW5ENkuKlUq5YygGipDx0YZimCJxqDw3h9GJAmp0IRjpXoOirWXYqkZ4XSW7yeKxphM8Ij2DBU4pMpLs0tn8NQoQxhE0pTQMFO/T6Q4VGoa+qYzxHqsfntz8S+vl+jg3EuZiBNNBVksChIOdQTnb8Mhk5RoPjUEE8nMrZCMscREm3DyJoSvT+H/pFWynart3lSK9ctlHDlwDE7AGXBADdTBNWiAJiAgAA/gCTxbE+vRerFeF60r1nLmCPyA9fYJuvSNhA==</latexit>

Y Y
<latexit sha1_base64="puXgr6pE0xTBIN+fKlB6ztKAMy4=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDVk+pjWXdGNywr2YdthyKSZNjTzIMkIZejGX3HjQhG3foY7/8b0IajogQOHc+4luceLOZMKoQ8js7K6tr6R3cxtbe/s7uX3D1oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y0vZ3n7jgrJovBGTWLqBHgYMp8RrLTl5o+6rgW7bhF23JJmGd66FU3bzReQeW5bqFyDyLSr1SJCWqBSpVRG0DLRHAWwRMPNv/cHEUkCGirCsZQ9C8XKSbFQjHA6zfUTSWNMxnhIe1qGOKDSSecHTOGpdgbQj4RmqODc/b6R4kDKSeDpyQCrkfydzcy/sl6i/JqTsjBOFA3J4iE/4VBFcNYGHDBBieITLTARTP8VkhEWmCjdWU6X8HUp/F+0iqZlm5XrcqF+sawjC47BCTgDFqiCOrgCDdAEBEzBA3gCz8a98Wi8GK+L0Yyx3DkEP2C8fQLNbpQB</latexit>
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• brickwall circuit


• no disorder

Hamiltonian ground state Floquet weak measurement

(e∓τHr⋯e∓τH0) |ψ0⟩

• brickwall circuit


• Born disorder

random weak/strong measurement

• stochastic circuit


• Born disorder

e−βH |ψ0⟩

e−τHr

imaginary time vs. measurement-only dynamics

http://www.thp.uni-koeln.de/trebst/
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entanglement & circuit geometry

Nahum, Skinner 2020; Lavasani, Luo, Vijay 2023; Sriram, Rakovszky, Khemani, Ippoliti 2023 

Klocke, Simm, Zhu, ST, Buchhold 2024: non-bipartite geometries
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hexagonal geometry dodecagonal geometry
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a) honeycomb Kitaev b) Kekulé Kitaev c) Kitaev w/ n.n. neighbor d) Yao-Kivelson
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liquid localized

analytical connections to loop models and NL M models 
numerical simulations for 100,000,000 = 108 qubits

σ

http://www.thp.uni-koeln.de/trebst/
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• measurements are a powerful tool to create entangled states 

• shallow circuits 


• long-range entanglement from short-range SPT order 

• trade-off in form of auxiliary qubits and decoding 

• preparation of non-Abelian topological order also possible 

• deep circuits


• measurement-only dynamics 


• monitored Kitaev models


• fractionalization in Floquet codes

state preparation by measurement

http://www.thp.uni-koeln.de/trebst/
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