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https://libraries.io/pypi/qfnn
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Documentation and Project repo

QFNN 0.1.17 documentation » QuantumFlow Neural Network (QFNN) API.

Table of Contents QuantumFlow Neural Network (QFNN) API.
QuantumFlow Neural Network
e Indices and tables

This Page . Index
Show Source ¢ Module Index

s Search Page

Quick search

https://jqub.ece.gmu.edu/categories/QF/gfnn/index.html https://github.com/jqub/gfnn
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Agenda — Session 3: QFNN API

= [ntroduction to QFNN

« gf circ

 (f net

« gf fb

 gf _map
= Building QuantumFlow using QFNN
= Beyond QuantumFlow with QFNN
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QF-Circ

Qiskit = (anuueFlow

Build upon IBM QisKkit.
Generated circuits can run on IBM Quantum Computers.

- ————

¢ qgfnn.gf_circ.base.BaseCircuit

€ abc.ABCMeta

N
Jisinstanceof i

€ typing.Hashable

f )

¢ qgfnn.gf_circ.gates.ExtendGate

(

¢ gfnn.gf_circ.base.LinnerCircuit

¢ qfnn.gf_circ.n_lyr_circ.N_LYR_Circ

% |

¢ qgfnn.gf_circ.v_lyr_circ.V_LYR_Circ

f %

¢ gfnn.qf_circ.p_lyr_circ.P_LYR_Circ ¢ qgfnn.gf_circ.u_lyr_circ.U_LYR_Circ

|

¢ qfnn.gf_circ.p_lyr_circ.P_Neuron_Circ
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QF-Net

O PyTorch + €

Build upon PyTorch.

€ typing.Hashable

( ( | )

€ torch.autograd.function.Function ¢ gfnn.gf_net.v_lyr.VClassicCircuitMatrix ¢ gfnn.gf_net.utils.Prob2amp ¢ torch.nn.modules.module.Module
€ gfnn.gf_net.utils.ClipF ¢ gfnn.gf_net.utils.BinarizeF € torch.nn.modules.linear.Linear € gfnn.gf_net.n_lyr.N_LYR € gfnn.gf_net.n_lyr.batch_adj € gfnn.gf_net.v_lyr.vQC_Net ¢ gfnn.gf_net.n_lyr.indiv_adj

( T ]

¢ gfnn.gf_net.p_lyr.P_LYR € gfnn.gf_net.u_lyr.U LYR ¢ gfnn.gf_net.b_lyr.B_LYR
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QF-FB

Qiskit == O PyTorch = uapanFlow

Build upon Qiskit and PyTorch.

« Generate network and the generated network can be trained/tested on the PyTorch framework.

» Prepare unitary matrix to translate data from classical to quantum.

€ typing.Hashable

€ torchvision.datasets.vision.VisionDataset ¢ gfnn.qf_fb.c_gf_mixer.Net

€ gfnn.gf_fb.q_input.UMatrixCircuit

A
|
€ typing.lterable € typing.lterator € object € abc ABCMeta
T ? % /}.}sins‘fanceof
_________ I ——— !
[ RN N e
r | N
¥ ! : ( ( ) ) ﬁ
u |
Il € typing.Sized i} € torch.utils.data.dataset.Dataset € torch.nn.modules.module.Module ¢ gfnn.gf_fb.c_input. ToQuantumData ¢ gfnn.gf_fb.c_input.ToQuantumData_Batch ¢ gfnn.gf_circ.base.BaseCircuit
18 ‘E i I I I
L Y |
| |
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¢ gfnn.gf_fb.c_mnist.qfMNIST
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Algorithm 4: QF-Map: weight mapping algorithm

gfnn.qf_map.u_lyr_map module

gfnn.qf_map.u_lyr map.Mapping_U_LYR(sign, target_num, digits)
gfnn.gf_map.u_lyr_map.change_sign(sign, bin)
gfnn.qgf_map.u_lyr_map.find_start(affect_count_table, target_num)
gfnn.qf_map.u_lyr_map.print_info()

qfnn.qF_map.u_lyr‘_map.recursive_change(direction, start_point, target_num, sign,
affect_count_table, quantum_gates)

Input: (1) An integer R € (0, 2k_1]; (2) number of gbits k;
Output: A set of applied gate G
void recursive(G,R,k){
if (R < 2K-2){
recursive(G,R,k — 1); // Case 1 in the third step
}
else if (R ==2F"1){
G.append(PG,-1 ); // Case 2 in the third step
return;
telse{
G.append(PGy 1 );
recursive(G,25~! — Rk — 1); // Case 3 in the third step

)
This module will be further developed to include ;, Entry of weight mapping algorithm
. . in(R,k
Quantum Compiling techniques for quantum o ialos empty set G
neural networks. recursIYe( LR
e.g., QF-RobustNN }
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Datasets

p
QuantumFlow
4 A4

Co-Design Quantum Circuit
Design and Optimization
(QF-Circ)

Machine Leanring Models
(QF-pNet, QF-hNet)

QF-Map |

= Building QuantumFlow using QFNN

o QF-pNet QF-FB(C) Efficient Forwar(ci;]za_l;l;\;ard Propagation QF-F(Q)

* QF-hNet ; v

, QF-FB Classic Computer Quantum Computer
= Beyond QuantumFlow with QFNN

« FFNN

- VQC

* QF-Mixer
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(llinps = p layer example.add input qubits(circuit demo, 'p input')
Q2 aux =p layer example.add aux(circuit demo, 'aux qubit')
(13output = p layer example.add out qubits(circuit demo, 'p out gqubit')

(4)p_layer_example.forward(circuit_demo,[weight_l[O]],inps[O],output,aux, input)

C circuit.draw('text',fold=300)

QF-pNet --- P-LYR based Quantum Neuron: P_Neuron_Circ

Sub module of JEelialgNe|I«l{e

e Given: (1) Number of input neuron V'; (2) input 7; (3) weights W; (4) an empty quantum circuit C

* Do: (1) Create input qubits Q1; (2) create auxiliary qubits Q2; (3) create output qubits Q3; (4) create the circuit
e Output: (1) Quantum circuit C with encoded inputs 7 and embedded weights W on V' qubits; (2) sets of qubits (Q1-3)

#create circuit C

circuit demo = QuantumCircuit ()
#init circuit N
p layer example = P Neuron Circ (4)

#fcreate qubits to be invovled and store them

#add p-neuron to the circuit W T

#show your circuit
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QF-pNet --- P-LYR as the last layer (sharing inputs): P_LYR_Circ

Sub module of JEelialgNe|I«l{e

* Given: (1) Number of input neural V; (2) number of output neuron M;

(@) _hidden layer 1 hidden layer2  (b)

I L W,

(3) @ quantum circuit C with previous layers; (4) set of output qubits Q3. *-

* Do: (1) create output qubits OutQ; (2) create the circuit; (c)'

hidden layer 2

(3) add measurement to extract results. 1, [0) ESYEN
1, 10) LSICH
e Output: (1) Quantum circuit C with multiple layers; (2) output qubits OutQ. L o) I
E, |0)
p layer = P LYR Circ(2,2) gt :g;
P, 10) Ry(g
# Create output qubits 1, |0>
OutQ p_layer output = p layer.add out_qubits(circuit) 1. 10) 3N
L. (0) {CN
# Build the second layer ]I; |g> Ry(d,)
(Z) p layer.forward(circuit,welght 2,output list,p layer output) Ef ||Oi
0, 10)
# Extract the results at the end of the quantum circuit P, (0} Ry(g(®11)
(3) add measure(circuit,p layer output,'reg') 0, 0)
print ("Output layer created!") 0, [0)
0,10) :
- : 0O, [0) ?
circuit.draw('text', fold =300) .

...lllll““
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gfnn APl Example (1)
QF-pNet



https://github.com/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_1_QF_pNet.ipynb
https://colab.research.google.com/github/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_1_QF_pNet.ipynb
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QF-hNet: U-LYR

Sub module of JEelialgNe|I«l{e

* Given: (1) Number of input neural2?V; (2) number of output neuron M;

(3) input 7; (4) weights W; (5) an empty quantum circuit C

* Do: (1) Encode inputs to the circuit; (2) embed weights to the circuit; (3) do accumulation and quadratic function

e Output: (1) Quantum circuit C with M output qubits 2N data
fcreate circuit C
circuit = QuantumCircuit () N M

#init circuit, which is corresponding to a neuron with 4 gqubits and 2 outputs
u layer = U LYR Circ(4,2)

fcreate qubits to be invovled

inps = u layer.add input qubits(circuit)

aux =u layer.add aux(circuit)

u layer out qubits = u layer.add out gubits(circuit)

#add u-layer to your circuit w J

u layer.forward(circuit,binarize(weight 1), inps,u layer out qubits,quantum matrix, aux)

#show your circuit
C circuit.draw('text', fold=300)
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gfnn APl Example (2)
QF-hNet



https://github.com/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_2_QF_hNet.ipynb
https://colab.research.google.com/github/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_2_QF_hNet.ipynb

Agenda — Session 3: QFNN API

= Building QuantumFlow using QFNN

- QF-FB
= Beyond QuantumFlow with QFNN
« FFNN
- VQC
* QF-Mixer
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gfnn APl Example (3)
QF-FB
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https://github.com/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_3_QF_FB.py

Agenda — Session 3: QFNN API

= Beyond QuantumFlow with QFNN

 FFNN
« VQC
* QF-Mixer
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FFNN: An artificial neuron implemented on an actual quantum processor

Sub module of JEelialgNe|I«l{e

* Given: (1) Number of input qubits V'; (2) number of output neuron M;
(3) a quantum circuit C with input data having been encoded
* Do: (1) embed weights to the circuit; (2) do accumulation and quadratic function

e Output: (1) Quantum circuit C with M output qubits

N M 04 g: -
#define your input and repeat number o] ' B
f layer = F LYR Circ(4,2) 1 e | e !
#add qubits to your circuit if needed ..4, -
aux = f layer.add aux(circuit) L s semmamem T === —~
f layer out qubits = f layer.add out qubits(circuit) et }
#add f-layer to yourcéircuit w

f layer.forward(circuit,binarize (weight 1), inputs,f layer out qubits,None, aux)

circuit.barrier ()
circuit.draw('text', £fold=300)
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gfnn APl Example (4)
FFNN



https://github.com/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_4_FFNN.ipynb
https://colab.research.google.com/github/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_4_FFNN.ipynb

VQC: Variational Quantum Circuits

Sub module of JEelialgNe|I«l{e

e Given: (1) Number of input qubits V'; (2) weights W; (3) a quantum circuit C with input data having been encoded

* Do: (1) embed weights W to the circuit;

e Output: (1) Quantum circuit C with measurements

Circuit 10

#define your input qubits
vgc = V_LYR Circ(4)

#add the first v-layer to your circuit; We currently provide V10 and V5 only
vgc.forward(circuit, inputs, 'vl0',np.array(thetal,dtype=np.double))
#add the second v-layer to your circuit
vgc.forward(circuit, inputs, 'vl0',np.array(theta2,dtype=np.double))

[

circuit.barrier () _y
#add measurement to your circuit if needed
add measure(circuit, [inputs[0] [0],inputs[0] [1], inputs[0][2],inputs[0][3]], 'reg")

circuit.draw('text', fold=300)
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gfnn APl Example (5)
vQcC



https://github.com/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_5_VQC.ipynb
https://colab.research.google.com/github/JQub/QuantumFlow_Tutorial/blob/main/session_3/EX_5_VQC.ipynb

Agenda — Session 3: QFNN API

= Beyond QuantumFlow with QFNN

* QF-Mixer — Next Session after the introduction of QF-Mixer
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