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The Hamiltonian of Ising model:

—A(s) n), 1- A() l ;
. ZS (2 ()) s (zhl z()+zluﬂ()ﬂz(]))

i>]

Ground state

<«—— Minimum gap

Pauli matrices operating on a qubit x;
h; and interacting parameter /; ; are the qubit hiases and coupling strengths



Knapsack problem

Parameters: @Values
@ Weights
@ maximum weight

maximize (Knapsack problem) Z Vix; subject to Z Wix;  x;1s0orl
i=1 1 =1,2,3,:
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Cx)= 2 jwijx; (1 —x;) + X; wix; Cut line

1 0
x; = (1 —Z%;)/2,where Z; is the Pauli Z operator, 0, = (0 _1)

But we can solve it only if we mapping this model to the
H = WiZi + Wl]ZlZ]

After mapping, we use to do

What we want to solve, with
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Coding process: Set up qubit dots connection

w=np.zeros(ln,n])

i range(n):
y range(n) :
temp=6G.get_edge_data(i, j,default=0)
temp =
wli,jl=templ ]
print(w)
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H = Z w; ZE + Z "U_J'?jjzj_,j Zj'.

I ]

Coding process: Transform into Ising model

gilskilt.optimization.applications.1sing max_cut - - -
qubit0Op, offset = max_cut.get_operator(w) ISlnE Hamlltonlan:
print( offset) 11127 (8.5+87)
print( ) IIZIZ (©.5+87)

print(qubitOp.print_details()) IT771 (E.5+Ej)
ZZITI (8.5+87)

ZIZIT (8.5+87)

ZZITT (8.5+87)




Coding process: Set up 5-qubit dots

N =

'} = np.arange(®,n,1)

E =L ( ), ( ), ( ), ( ), (
G = nx.Graph()

G.add_nodes_from(V)
G.add_weighted_edges_from(E)

colors = | node G.nodes() ]
default_axes = plt.axes(frameon= )
pos = nx.spring_layout(G)

nx.draw_networkx(G, node_color=colors, node_size=

), (

alpha=

) |

ax=default_axes

pos=pos)



Hamiltonian in Quantum Annealing
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HO, initial state

1 — A(s)(
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Hp, final state

H(IJHEE_J)

Use 5 qubits with initial state evolving to final state
Final state is from the Max-cut problems

|



¥ 9 Process

Coding process: HamiltonianGate - Set up Hamiltonian

-A(s)/2*(x.tensor(i).tensor(i).tensor(i).tensor(i)+
i.tensor(x).tensor(i).tensor(i).tensor(i)+
i.tensor(i).tensor(x).tensor(i).tensor(i)+
i.tensor(i).tensor(i).tensor(x).tensor(i)+
i.tensor(i).tensor(i).tensor(i).tensor(x))

H_p = (1-A(s))/2*%(qubitOp.to_opflow())
circ.append(HamiltonianGate(H®, 1), qr)

circ.append(HamiltonianGate(H_p, 1), qr)




¥ 9 Process

Coding process: Measuring backend with simulator
sim_backend = provider.get_backend('ibmg_gasm_simulator')

s = round((s-0.01),6)
circ.measure(gr,cr)
job = execute(circ,backend = sim_backend, shots = 8192 )

output = job.result()
answer = output.get_counts(circ)
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'01010" : 434,

7, '10001': 462,
18,

1

'11001": 459,
1, '00100': 455,

'10010': 453, '10011': 446, '10100': 444, '10101':
'11010': 436, '11011': 444, '11100': 16, '11101':
'00101"': 459, '00110': 469, '00111': 14, '01000°':

477, '©1100': 430, '01101': 445, '01110': 429, '01111': 13}
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¥ 9 Process

Coding process: Counts for eigenvalue which means ‘cut’

p3=[1]
n=>5
best_cost_brute = 0
for b in range(2%**n):

x = [int(t) for t in reversed(list(bin(b)[2:].zfill(n)))]

cost = 0

for i in range(n):

for j in range(n):
cost = cost + wl[i,jl*x[i]l*(21-x[j])

if best_cost_brute < cost:
best_cost_brute = cost
Xbest_brute = x
p3.append(best_cost_brute)
print('case = ' + str(x)+ ' cost = ' + str(cost))

colors = ['r' if xbest_brute[i] == 0 else 'b' for i in range(n)]
nx.draw_networkx(G, node_color=colors, node_size=600, alpha=.8, pos=pos)
print('\nBest solution = ' + str(xbest_brute) + ' cost = ' + str(best_cost_brute))
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Coding process: Calculate the eigenvalue value vary with steps
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Coding process: Calculate the expectation value vary with steps

200.0, 250.0,

3.704345703125,

The expectation value is near the maximum value 4!
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THANK YOU FOR

ANY QUESTIONS?

uantum simulation of one-dimensional system on IBMO device



