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(a)

(i) For a quantum unitary circuit C on n qubits followed by a projective measurement
of k 6 n qubits in the computational basis, define the notions of strong and weak classical
simulation. State the Extended Gottesman Knill Theorem.

(ii) Let C be an adaptive Clifford circuit acting on n+ t qubits initialized in |σ〉⊗|ρ〉
where |σ〉 is a stabilizer state on n qubits and |ρ〉 is any state on t qubits. Some of the Z
measurements in C are postselected to outcome +1. Show that this circuit can be weakly
simulated by a corresponding Pauli-Based Computational (PBC) circuit in which some of
the Pauli measurements are postselected to outcome +1.

(b)

(i) Consider the circuit depicted in Figure 1 below acting on the input state |A〉⊗2|0〉;
for σi ∈ {I, X, Y, Z}, i = 1, 2 denotes a single-qubit Pauli operation and the computational
basis measurement on the third qubit yields the outcome s ∈ {0, 1}. Write down the
expression for |Ψa〉. Consider the PBC depicted in Figure 2, where P1 = σ1⊗σ2. Express
|Ψb〉 in terms of the eigenstates of P1. Compare |Ψa〉 to |Ψb〉.

|0i

<latexit sha1_base64="SkGFVoEoJ3FnI62YF6yt7AZIxJE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eHK7isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3Xr24O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBt8GQXQ==</latexit>

|Ai

<latexit sha1_base64="p/g2L+V88bpRxTMsQ+Dd2c1dvOU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo+oF4+YyMPAhswOvTBhdnYzM2tCkK/w4kFjvPo53vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HTVUVT2BXaLJbfszkCWiZeREmSodYtfnV7M0gilYYJq3fbcxPhjqgxnAieFTqoxoWxI+9i2VNIItT+eHTwhJ1bpkTBWtqQhM/X3xJhGWo+iwHZG1Az0ojcV//PaqQkv/TGXSWpQsvmiMBXExGT6PelxhcyIkSWUKW5vJWxAFWXGZlSwIXiLLy+TxlnZq5TP7yql6nUWRx6O4BhOwYMLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/0fyQbg==</latexit>

|Ai

<latexit sha1_base64="p/g2L+V88bpRxTMsQ+Dd2c1dvOU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo+oF4+YyMPAhswOvTBhdnYzM2tCkK/w4kFjvPo53vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HTVUVT2BXaLJbfszkCWiZeREmSodYtfnV7M0gilYYJq3fbcxPhjqgxnAieFTqoxoWxI+9i2VNIItT+eHTwhJ1bpkTBWtqQhM/X3xJhGWo+iwHZG1Az0ojcV//PaqQkv/TGXSWpQsvmiMBXExGT6PelxhcyIkSWUKW5vJWxAFWXGZlSwIXiLLy+TxlnZq5TP7yql6nUWRx6O4BhOwYMLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/0fyQbg==</latexit>

H

<latexit sha1_base64="WcdartLCkd7BNXC3V/VlYohx50w=">AAAB73icbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELxwxkUcCGzI7NDBhdnad6TWSDT/hxYPGePV3vPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjC+nfmtR9BGROoeJzH4IRsqMRCcoZXaXYQnTGvTXrHklt056CrxMlIiGeq94le3H/EkBIVcMmM6nhujnzKNgkuYFrqJgZjxMRtCx1LFQjB+Or93Ss+s0qeDSNtSSOfq74mUhcZMwsB2hgxHZtmbif95nQQH134qVJwgKL5YNEgkxYjOnqd9oYGjnFjCuBb2VspHTDOONqKCDcFbfnmVNC/KXqV8eVcpVW+yOPLkhJySc+KRK1IlNVInDcKJJM/klbw5D86L8+58LFpzTjZzTP7A+fwBYGSQMw==</latexit>

H

<latexit sha1_base64="WcdartLCkd7BNXC3V/VlYohx50w=">AAAB73icbVDLTgJBEJzFF+IL9ehlIjHxRHYNRo9ELxwxkUcCGzI7NDBhdnad6TWSDT/hxYPGePV3vPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjC+nfmtR9BGROoeJzH4IRsqMRCcoZXaXYQnTGvTXrHklt056CrxMlIiGeq94le3H/EkBIVcMmM6nhujnzKNgkuYFrqJgZjxMRtCx1LFQjB+Or93Ss+s0qeDSNtSSOfq74mUhcZMwsB2hgxHZtmbif95nQQH134qVJwgKL5YNEgkxYjOnqd9oYGjnFjCuBb2VspHTDOONqKCDcFbfnmVNC/KXqV8eVcpVW+yOPLkhJySc+KRK1IlNVInDcKJJM/klbw5D86L8+58LFpzTjZzTP7A+fwBYGSQMw==</latexit>

�1

<latexit sha1_base64="V9eI5rtOApmL53Tc6GjZXoos9wI=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9ol5JNs21okl2TrFCW/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJnZ7hQ0n6fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2Tze6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8ex5POCaUSsmjhCqubsV0xHRhFoXUcmF4C+/vEpaF1W/Vr28r1XqN3kcRTiBUzgHH66gDnfQgCZQEPAMr/CGHtELekcfi9YCymeO4Q/Q5w/IXY/P</latexit>

�2

<latexit sha1_base64="OubmigL3RDjeKFKU+Huw4eHC3f8=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPQi8cI5gHJEmYns8mQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZM6PcOGAver/VLZr/hzoFUS5KQMORr90ldvoEgqqLSEY2O6gZ/YMMPaMsLptNhLDU0wGeMh7ToqsaAmzOb3TtG5UwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo6EIIll9eJa1qJahVLu9r5fpNHkcBTuEMLiCAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWte8fOYE/sD7/AHJ4Y/Q</latexit>

(

<latexit sha1_base64="Rq8oYkhth6gFNh5xXLJk3Lr8ovQ=">AAACMHicbVBNS8NAFNzU7/gV9ehlsQieSiKKHkUPelSwKjShbLavdelmE3ZfxBL6k7z4U/SioIhXf4XbNAe1DiwMM292902cSWHQ91+d2tT0zOzc/IK7uLS8suqtrV+ZNNccmjyVqb6JmQEpFDRRoISbTANLYgnXcf9k5F/fgTYiVZc4yCBKWE+JruAMrdT2Tl2XWoQx9IQquL3JDEvFagj3WFgyDMMJaZwC1akyba/uN/wSdJIEFamTCudt7ynspDxPQCGXzJhW4GcYFUyj4BKGbpgbyBjvsx60LFUsARMV5cJDum2VDu2m2h6FtFR/JgqWGDNIYjuZMLw1f72R+J/XyrF7GBVCZTmC4uOHurmkmNJRe7QjNHCUA0sY18L+lfJbphlH27FrSwj+rjxJrnYbwV5j/2KvfnRc1TFPNskW2SEBOSBH5Iyckybh5IE8kzfy7jw6L86H8zkerTlVZoP8gvP1DWAHo9c=</latexit>

|Ai

<latexit sha1_base64="p/g2L+V88bpRxTMsQ+Dd2c1dvOU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo+oF4+YyMPAhswOvTBhdnYzM2tCkK/w4kFjvPo53vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HTVUVT2BXaLJbfszkCWiZeREmSodYtfnV7M0gilYYJq3fbcxPhjqgxnAieFTqoxoWxI+9i2VNIItT+eHTwhJ1bpkTBWtqQhM/X3xJhGWo+iwHZG1Az0ojcV//PaqQkv/TGXSWpQsvmiMBXExGT6PelxhcyIkSWUKW5vJWxAFWXGZlSwIXiLLy+TxlnZq5TP7yql6nUWRx6O4BhOwYMLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/0fyQbg==</latexit>

|Ai

<latexit sha1_base64="p/g2L+V88bpRxTMsQ+Dd2c1dvOU=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo+oF4+YyMPAhswOvTBhdnYzM2tCkK/w4kFjvPo53vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HTVUVT2BXaLJbfszkCWiZeREmSodYtfnV7M0gilYYJq3fbcxPhjqgxnAieFTqoxoWxI+9i2VNIItT+eHTwhJ1bpkTBWtqQhM/X3xJhGWo+iwHZG1Az0ojcV//PaqQkv/TGXSWpQsvmiMBXExGT6PelxhcyIkSWUKW5vJWxAFWXGZlSwIXiLLy+TxlnZq5TP7yql6nUWRx6O4BhOwYMLqMIt1KAODCJ4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/0fyQbg==</latexit>

P1

<latexit sha1_base64="WpCoeZtPNYk9u0beZSaZ4VJX/0M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh0bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9WvbyvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHRSY2A</latexit>

(

<latexit sha1_base64="Rq8oYkhth6gFNh5xXLJk3Lr8ovQ=">AAACMHicbVBNS8NAFNzU7/gV9ehlsQieSiKKHkUPelSwKjShbLavdelmE3ZfxBL6k7z4U/SioIhXf4XbNAe1DiwMM292902cSWHQ91+d2tT0zOzc/IK7uLS8suqtrV+ZNNccmjyVqb6JmQEpFDRRoISbTANLYgnXcf9k5F/fgTYiVZc4yCBKWE+JruAMrdT2Tl2XWoQx9IQquL3JDEvFagj3WFgyDMMJaZwC1akyba/uN/wSdJIEFamTCudt7ynspDxPQCGXzJhW4GcYFUyj4BKGbpgbyBjvsx60LFUsARMV5cJDum2VDu2m2h6FtFR/JgqWGDNIYjuZMLw1f72R+J/XyrF7GBVCZTmC4uOHurmkmNJRe7QjNHCUA0sY18L+lfJbphlH27FrSwj+rjxJrnYbwV5j/2KvfnRc1TFPNskW2SEBOSBH5Iyckybh5IE8kzfy7jw6L86H8zkerTlVZoP8gvP1DWAHo9c=</latexit>

| ai

<latexit sha1_base64="CkdZFuIG+rUXL2Hyc/dsUiM4A9E=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/IaivWIJ4kYcOyVK07VmcFeJm5OKpCj0St/ef2YphEKTTlRqus6ifYzIjWjHCclL1WYEDoiA+waKkiEys9mV0/sE6P07TCWpoS2Z+rviYxESo2jwHRGRA/VojcV//O6qQ4v/YyJJNUo6HxRmHJbx/Y0ArvPJFLNx4YQKpm51aZDIgnVJqiSCcFdfHmZtM6qbq16flur1K/yOIpwBMdwCi5cQB1uoAFNoCDhGV7hzXq0Xqx362PeWrDymUP4A+vzB7Pfkqc=</latexit>

| bi

<latexit sha1_base64="CARRRxTmGOUutXDYdUV6aiSDkLY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/IaivUCTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vr1/LZWqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD7Vqkqg=</latexit>

s

<latexit sha1_base64="jhgWrYDReTwlWxsI03JHA4XUvNE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4T2M/w==</latexit>

Figure 1 Figure 2

(ii) We wish to implement a two-qubit PBC on input |A〉⊗2|0〉 (where |0〉 is an
ancilla qubit) consisting of first measuring P1 = Z ⊗ I followed by P2 = Z ⊗X on |A〉⊗2.
Let |Ψout〉 be the two-qubit output state of the PBC process. In the laboratory we are able
to apply single- and two-qubit Clifford operations on the input state and ancilla qubits
and perform computational basis measurements on any ancilla qubits. Show how we can
generate |Ψout〉 in the laboratory with the help of a single ancilla qubit (initialized in state
|0〉) thus implementing this instance of the PBC.
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(a) Describe the Harrow-Hassidim-Lloyd (HHL) algorithm for estimating 〈x|M |x〉,
where the associated system of equations is given by Ax = b, with x, b ∈ CN , and A,M
are Hermitian. Include a clear statement of any results that you use. You may assume
that N = 2n, the usually prescribed conditions on the ingredients A, b and M have been
fulfilled, and that any operations used are error-free.

(b) State the usually prescribed conditions on vector b in (a) which ensure that the
associated normalized state |b〉 in the HHL algorithm can be efficiently prepared.

(c) Consider a probability distribution function p of a random variableX which takes
values on [0, 1]. We wish to prepare a state that represents the N−point discretization of
p, where N = 2n. For m > 1 we partition [0, 1] into 2m intervals labelled i = 0, . . . , 2m− 1
from left to right with the i-th interval being [xiL, x

i
R].

Suppose we have the state |ψm〉 =
∑2m−1

i=0

√
p
(m)
i |i〉, where p

(m)
i is the probability

for the random variable X to lie in the interval i. Consider f(i) = Ai/Bi, where

Ai =
∫ (xiR+xiL)/2

xiL
p(x)dx,Bi =

∫ xiR
xiL

p(x)dx.

(i) Assuming that each Ai, Bi can be computed efficiently, describe how to generate

|ψ̃m〉 =
∑2m−1

i=0

√
p
(m)
i |i〉|θi〉, from |ψm〉 (adding ancillary qubits), where θi = arccos(

√
fi).

(ii) Describe how to perform a controlled rotation of angle θi which maps√
p
(m)
i |i〉|θi〉 →

√
p
(m)
i |i〉|θi〉(cos(θi)|0〉 + sin(θi)|1〉) as an O(poly log(N))− sized circuit

of 1- and 2-qubit gates. You may ignore any issues of precision that arise.

(iii) Using the above, describe an algorithm for generating |ψn〉 =
∑2n−1

i=0

√
p
(n)
i |i〉

from |ψ1〉, thereby generating the desired N -point discretization state for p.
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(i) Suppose that G is a linear subspace of state space H and let G⊥ be the orthogonal
complement of G in H. Let |ψ〉 be any state in H. Define the operator I|ψ〉 of reflection
in the hyperplane orthogonal to |ψ〉, and the operator IG, of reflection in the subspace
G⊥. In terms of these, state and prove the Amplitude Amplification (AA) Theorem for a
rotation R that you should define.

(ii) Suppose we are given a quantum oracle Uf for a function f : {0, 1}n → {0, 1}.
For H being the state space of n qubits let G = span{|x〉 : f(x) = 1} and G⊥ = span{|x〉 :
f(x) = 0}. We say that x is “good” if f(x) = 1, and “bad” if f(x) = 0. Suppose we
have the n-qubit starting state |ψst〉 = sin(θ)|g〉 + cos(θ)|b〉, where |g〉 ∈ G, |b〉 ∈ G⊥ and
the value of θ ∈ (0, π/2) is known. Show how the AA theorem may be used to provide
a process (possibly including extra ancilla qubits) which will map |ψst〉 to a state upon
which a final computational basis measurement will yield a good x with certainty.

(iii) Suppose now that the value of θ ∈ (0, π/2) in (ii) is unknown but we can still
prepare the state |ψst〉. Let n∗ ∈ N be the least number of iterations of the R in the AA
theorem that is needed to rotate |ψst〉 closest to its good projection |g〉. We will employ
the following strategy to find a good x: for each k = 0, 1, . . . in turn we prepare |ψst〉 and
apply R k times before making a final measurement. We continue until we obtain a good
x. Suppose this occurs for k = k∗. Compute the expected number of oracle calls needed
to obtain a good x. Show that Prob[k∗ > n∗] > const > 0.

(iv) For the scenario of (iii) suppose now that n∗ = 2N , N ∈ N and we modify the
strategy in (iii) as follows. Instead of considering each k = 0, 1, 2, 3 . . . in turn we use only
the values k = 2i, i = 0, 1, 2, . . . in turn. Compute the expected number of oracle calls in
this case needed to obtain a good x and compare it to the result of (iii).
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(a)

(i) Consider the n-qubit Pauli group Pn = {kP1 ⊗ . . . ⊗ Pn : k =
±1,±i; and each Pi ∈ {X,Y, Z, I}. Let S = {I, Z1Z2, Z2Z3, Z1Z3}. Determine the 3-
qubit subspace VS which is stabilized by the elements of S.

(ii) Let U = CNOT12. Determine the elements of P2 obtained by the following
conjugations: UX1U

†, UX2U
†,UZ1U

†,UZ2U
†. Suppose that Ṽ is another 2-qubit unitary

operator that transforms Z1, Z2, X1, X2 under conjugation in the same way as U above.
Show that Ṽ = U up to an overall phase.

(iii) Consider the following two-qubit operators Vn = exp( iπnX ⊗X), Wn =
(I ⊗ H)Vn(I ⊗ H), where H is the Hadamard gate, and n = 1, 2. Find An such that
VnWn = exp(iAn). Is VnWn a Clifford operation?

(b) For any graph G = (V,E), introduce |V | qubits labelled by the vertices of G.
Introduce also a corresponding so-called graph state given by |G〉 =

∏
(i,j)∈E CZij |+〉⊗|V |.

(i) Consider two graphs GA = (VA, EA), where VA = {1, 2, 3} and EA =
{(1, 2), (2, 3)}, and GB = (VB, EB), where VB = {1, 2, 3} and EB = {(1, 2), (2, 3), (3, 1)}.
Compute their corresponding graph states |GA〉 and |GB〉.

(ii) To each vertex v of G we can associate an operator Sv = Xv
∏
u∈N(v) Zu, where

N(v) is the set of vertices which are adjacent to v. Show that for G = GA and GB, the
corresponding operators Sv commute for each vertex v ∈ {1, 2, 3}.

(iii) Let |α〉, |β〉 be states where |β〉 = U |α〉 and |α〉 is stabilized by S. Show that
|β〉 is stabilized by USU †. You may assume without proof that the graph state |G〉 can
also be defined as the simultaneous +1 eigenstate of the |V | stabilizer operators {Sv}v∈V :
Sv|G〉 = |G〉. Show how the stabilizer group of |GB〉 can be obtained via a suitable
mapping of the stabilizer group of |GA〉.
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