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= 1 - Calculating the ground state energy of 1DTFIM usingl & HE [ Eization (ED)

Here, we attempt to calculate the ground state and the ground state energy of the 10 Transverse-field Ising Model with open boundary

conditions using Exact Diagonalization (ED).

The Hamiltonian is given as follows:

7 AZAZ Y]
I{'”"[M = 'Jz a; {yj Ij! Zar
T
where a; are pauli matrices. Here, (J’,J) denote nearest neighbor pairs.

[ 1] | def IsingMatrixElements(Jz,Bx,sigmap):

Wi

computes the matrix element of the ng Hamiltonian for a given state sigmap

Farameters:
Jz: np.ndarray of shape (N), respectively, and dtype=float:
Izing parameters
Zigmap: np.ndarrray of dtype=int and shape (N)
] apin-3tate, 1nteger encoded (uzing 0 for down spin and 1 for up apin)
A sample of spins can be fed here.

BX: Transvers magnetic field (N)

Returns: 2-tuple of type (np.ndarray,np.ndarray)
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return np.array(sigmas),np.array(matrix elements)

def ED 1DTFIM{N=10, Jz = 1, Bx = 1):

t of energy eigenvalues.

ta a lis

1
4
1
16
(] 47 Returns a tuple (eta,U)
q 1 e
4

energy elgenvectors

basis = []
tGenerate a z-basis
4 for 1 in range (2**N):
basis temp = np.zeros((N))
a = n;.array[[.hl(d} for d in bin(i)[2:]1])
1 = len(a)
basis temp[N-1:] = a

basis.append (basis_temp)
basis = np.array(basis) I

H=np.zeros ((basis.shape[(],basis.shape[0])} #prepare the hamiltonian
64 for n in range (baaia.shapa(0]):
sigmas,elements=IsingMatrixElements (Jz, Bx,basis[n])
for m in range (sigmas.shape[0]):
for b in range (basia.ahape(0D]):
1f np.all (basis(b,:]==sigmas[m, :]):
H[n,p]=elements [m]
break
| eta,U=np.linalg.eigh(H) #diagonalize
return eta,U

o 1kt.=4 U = ED_IDTFIM(N=8, Jz = 1, Bx = +1)

n je Type here to search
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o ~ 2 - Calculating the ground state energy using an RNN wavefunction

After that we obtained the ground state energy from exact diagonalization, we are going to value as a reference to assess the guality of the

variational energy calculated by the pRNN wavefunction
Make sure that run_pRNNWF_1DTFIM.py and RNNWavefunction.py are in the same location as this notebook!

SCONECER = I o B |

° | from TrainingRNN 1DTFIM import run pRNNWE 1DTFIM
] dnumateg numper of training iterations
1 1 of physical spins
rerse magnetic field
6 #fnumsample number of samples used for training
7 numsamples = 200
i #num units number of memory units of the hidden state of the RNN
i factivation the non{linear activation function used at the level of the Vanilla RNN cell: you have a lot of options: tf.nn.tanh, tf.nn.relu, tf.nn.elu, tf.nn.sigmoid, No
#This function trains a pRNN wavefunction for 1DTFIM with the corresponding hyperparams
12 RNNEnerqgy, varRNNEnergy = run_pRNNWF_1DTFIM(numsteps = 1000, systemsize = 8, Bx = +1, num units = 10, numsamples = numsamples, activation = tf.nn.tanh, learningrate =
1 #RNNEnergy is a numpy array of the variational energy of the pRNN wavefunction
fvarRNNEnergy 13 a numpy array of the variance of the variational energy of the pRNN wavefunction

[+ The number of variaticonal parameters of

mean(E): -5.4286

257764614, var(E): 15.286562470234595, #3zamples 200, +#S5tep O
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<y 11 #This function trains a pRNN wavefunction
! RNNEnergy, varRNNEnergy = run pRNNWE 1DTFIM (numsteps =

for 1DTFIM with the corresponding hyperparams

4, Bx = +1, num)mita = 10, numsamples = numaamples, activation = tf.nn.tanh, learningrate = 1«

000, systemaize =

energy of the pRNN wavefunction

Ll 4 #RNNEnergy i3 a numpy array of the variational
of the pRNN wavefunction

#varRNNEnergy is a numpy array of the variance of the variational energy

10:35 AM
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mean{E): -9.6

mean{E} - -4._ var (Ejy - 0_2971227327137224, #sample= 200, #3tep 420

meanfE)}: -3_6& var(Ej: 0.2120298192368644d, #zamplex 200, #Step 420

)

var (B : #itep 440

mean (Ej :

var (E):

mean(E}: -9.6482649 faamples 200, 45tep 450

mean{E): -3._6& war (Ej - $sample= 200,

Step 4&0

mean{E) - -5 _6120249736606685, war (E) -

$sample= 200, #3tep 470

mean(E]: -9.6607079751434el, var(g): #ranples

mean(E): -9.69165197841438, var(B): 0.2312B7Z1306732966, #3amples Zad, 43tep 490

W

mean{Ej : S621247565696248, wvar(Ey: 0.24243853997922502, #samples 200, #Step 500

mean{E) - -9 _650390R04196503, war (E) - $sample= 200, $#3tep 510
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1D TFIM at the critical point (N = 1000 spins)
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Comparison with the state-of-the art in 2D
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Future directions

o Ground state of Frustrated Systems in 2D.

o Ground state of Molecular Systems.

o First excited states.

o Using more advanced architectures (LSTMs, Transformers,...).
o Solving optimization problems.

() LR}
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