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1. Passing unbound parameters
through Template Optimization Pass

#phi 8.13 i

#5hi = Paranctert'at) Template matching

phi = Parameter('$\\phis$"') makes use of the
circuit’s DAG (Directed

gc = QuantumCircuit(2) ACyC“C Graph)

gc.cx(0,1)
gc.p(2*phi, 1)
gc.cx(0,1)

neinE( Oniginal “ehrcut: 1) Sympy fails when parsing LaTeX names

qc.draw(output="mpl"')

Original circuit: Error from parse expr with transformed code:

"$\\Symbol ('phi' )$"
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Finding the bug

Parsing occurs in
giskit/transpiler/passes/optimization/template_matching/template_substitution.py

MpY_Parser.py % passmanager.py e template_substitution.py e relational.py #% parameterexpression.py % ruNNingpassmanager.py #% template_optimization.p
i

idx, t_idx 1 ste(template_sublist):

\

gc_idx = circuit_sublist[idx]
circuit_params += .circuit_dag_dep.get_node(qc_idx).op.params

template_params += template_dag_dep.get_node(t_idx).op.params
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equations, circ_dict, temp_symbols, sol, fake_bind = [], {}
t_idx, temp_params 1 : 2rate(template_params):
~e(temp_params, ParameterExpression):
circ_param_str = str(circuit_params[t_idx])

\

equations.append(sym.Eq(parse_expr(str(temp_params)), parse_expr(circ_param_str)))

param in temp_params.parameters:

temp_symbols[param] = sym.Symbol(str(param))



Making the fix

Current code uses a
custom parser.

We can use Sympy’s
toolstodoitina
compatible way.

giskit/transpiler/passes/optimization/template_matching/template_substitution.py d;

-498,8 +498,11 @@ def _attempt_bind(self, template_sublist, circuit_sublist):
equations, circ_dict, temp_symbols, sol, fake_bind = [], {3}, {3, {3}, {3
for t_idx, temp_params in enu ‘e(template_params):
if isinstance(temp_params, ParameterExpression):
circ_param_str = str(circuit_params[t_idx])
equations.apy X ] se_expr(circ_param_str)))
if isin ice(circuit_params[t_idx], ParameterExpression)

circ_param_sym = circuit_params[t_idx].get r¢)

circ_param_sym = parse_expr(str(circuit_params[t_idx]))

equations.z d(sym.Eq(temp_params.get_expr(), circ_param_sym))

These changes have already been added to the main pull request in Terra’s repository.



2. Parameters in Qiskit Nature:
Second Quantization Operators

# how do we define parameters?

#mu = 0.13
mu = Param
#mu = Para

mu*sum

eter('u')
meter('s\\mu')

(

FermionicOp(label) for label in ['IN', 'NI'])

def mul(self

if not isinstance(other,

, other: complex)

raise TypeError(

)

f"Unsupported operand

type(s)

-> "FermionicOp":
(int, float, complex)):

TOF %3

FermionicOp'

Operator classes 2 t
directly block the H=pu g a, a;

usage of Parameters i—=1

What if we ‘bypass’ this restriction?

mapper = JordanwWignerMapper()
converter = QubitConverter(mapper=mapper)

h pauli = converter.convert(h)
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State of the problem

Usage of Numpy limits versatility of parameters

# sparse_pauli op.py m X

aickit uantum info sperators S svmplectic & c<par<e pauli oo o %¢ CnarcePal - renr
qQIsKIC 2> quantum_info » operators » symplectic @ Sparse_paull_op.py v SparserauliOp ep

isinstance(data, SparsePauliOp):
€ pauli list data. pauli list
651 coeffs data. coeffs

pauli list = Paulilist(data)

coerrs

coeffrs np.ones(pauli_list.size, dtype-complex)

self. pauli list = Paulilist.from symplectic(pauli list.z, pauli list.x)

1 self._coeffs = np.asarray((-1j) pauli list.phase * coeffs, dtype=complex)
12 self. coeffs.shape (self. pauli list.size,):

QiskitError(
"coeff vector is incorrect shape for number"
" of Paulis {} != {}".format(self. coeffs.shape, self. pauli list.size)



Future €9 Qiskit

challenges

Template Optimization Qiskit Opflow Hardware transpiling
and inverses of parameter of custom VQE Ansatz

parametrized gates. management. circuits.






