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Abstract 
 The quantum computing is a giant leap forward in comparison with our common computer models as it allows us to solve some
problems with a much smaller number of steps. In this paper, we will demonstrate the design, development, and testing of the
DeutschJozsa quantum algorithm using Qiskit. The algorithm can determine whether a Boolean function is identical or evenly
divides with a single special query where traditional algorithms may require as many as 2n -1 +1 checks in the worst-case. We
simulated the algorithm on an ideal simulator (Qiskit Aer) and IBM Quantum real hardware. Three aspects that we examined were
the measurement accuracy, the depth of the quantum circuit, and how the noise of the real world, including decoherence and gate
errors as well as readout errors, would influence the outcome of the NISQ devices. The simulator has nearly excellent precision,
whereas the actual hardware has some visible disparities due to noise. These findings verify a undeniable quantum efficiency in
query complexity and the cost decreases to a constant cost of O(1) quantum versus an exponential cost of O(2n) using a classical
computer. Altogether, this paper is an example of quantum parallelism and quantum interference in a practical sense and serves as
a good reference point to the capabilities of the current quantum hardware. 

Index terms: DeutschJozsa algorithm, quantum computing, Qiskit, IBM Quantum, NISQ devices, quantum oracle.

 
II. RELATED WORK
 TheQuantum computing fundamentalists such as Richard
Feynman, who stated that quantum systems were capable of
simulating physical processes beyond those which could be
simulated by classical computers, and David Deutsch, who
refined the concept of a universal quantum computer, laid the
foundations of quantum computing [2]. Mainly, the
DeutschJozsa algorithm had the original single-bit Deutsch
puzzle extended to n-bit inputs, which was the first 
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The Quantum computing has come a long way since its 
inception both in theory and in real experiments. It came to 
the realization of the people that quantum mechanics is 
capable of providing computers with power that cannot be 
obtained by normal computers [1]. Among the earliest 
obvious instances of quantum advantage, one can name the 
Deutsch-Jozsa algorithm, which was developed by David 
Deutsch and Richard Jozsa in 1992 [2]. The algorithm 
provides an answer to a special question: is it always the case 
that a Boolean functionf that accepts n bits and produces a 
single bit always has the same value (constant): or is it always 
the case that f produces 0 on a half of the possible input set 
and on the other half always produces 1 (balanced)? 

An ordinary deterministic algorithm would require a worst-
case of up to 2n -1 + 1 calls to the function. It works in only 
one oracle query on quantum superposition and quantum 
interference. Though this issue is not as practical in real life, 
the algorithm is an excellent textbook demonstration of how 
quantum computers can be faster. 
Nowadays, quantum code packages such as Qiskit available 
at IBM allow students and researchers to test quantum 
algorithms. Qiskit provides the ability to assemble circuits, 
simulate (noise-free) with its Aer backend and even execute 
programs on a real quantum system using the IBM Quantum 
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I.INTRODUCTION cloud. This allows the design to be converted to simulation 
and hardware tests to be carried out in the same workflow. 
Although such tools are available, there is a lack of studies 
that investigate the actual efficiency of the DeutschJozsa 
algorithm to run on actual quantum hardware. The theory is 
simply described or simulated and most of the papers do not 
measure what occurs on a actual device in a systematic way. 
This gap is closed in this paper as a complex framework is 
introduced which assembles the circuit design, oracle 
building, simulation and real device testing. 
The remainder of this paper is structured in such a way that 
the following sections are provided: Section 2 reviews related 
work; Section 3 describes the methods and system design; 
Section 4 presents experimental findings and its discussion; 
and Section 5 presents conclusions and looks at futurework. 
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B. Quantum Circuit Design

 
The DeutschJozsa algorithm uses a quantum register of n +1 
qubits. The initial n qubits represent the input register and 
they will be in the state of |human|, and the additional qubit 
(the auxiliary) will be in the state of |human|. The algorithm 
consists of three major steps, which are to create a 
superposition using Hadamard gates, to place the oracle, and 
to perform an interference based measurement. 

When we apply Hadamard gates to each qubit, the system is 
in superposition of all the 2 n possible input states 
simultaneously that is, quantum parallelism. The oracle Uf 
replaces the function f and transforms it into a phase change. 
Then we repeat the use of another Hadamard gates which 
accumulates the probability: when the function is a constant, 
all the amplitude is concentrated in the all-zero state; when 
the function is balanced, the probability of measuring all the 
zeros is zero. 

|ψ⟩ = H⊗n Uf H⊗(n+1) |0 n|1⟩(1) 
Accuracy =(Correct Outcomes)/(Total Shots) x 100%(2)

 

demonstrationthatquantumalgorithmscanbefasterthanthe
classical deterministic algorithms. 

Next came the polynomial time integer factoring algorithm of 
Shor and the quadratic speed-up of randomly searching 
databases of Grover [4] and [5] respectively. The discoveries 
caused humans to go crazy because quantum algorithms were 
fast at certain tasks and it was demonstrated that quantum 
computing was faster than any classical code at that process 
and a new generation of experimental quantum devices was 
born. 
As the real quantum hardware is starting to appear, IBM 
Quantum was taking to the cloud with real quantum 
processors, allowing students and researchers to run real 
experiments, not just in theory [3]. The most popular open-
source framework became qiskit, providing circuit building, 
simulators with high accuracy, and direct connections to real 
hardware backends [6]. 

The DeutschJozsa algorithm has been experimented on Qiskit 
multiple times, typically to learn and test concepts. The 
OpenQASM assembly language presented by Cross and 
colleagues is used to model circuits by Qiskit [7]. Montanaro 
provided a table of known quantum speed-ups, showing the 
number of tricks available to them [8]. Nevertheless, no one 
has actually conducted a thorough performance comparison 
of simulators and real machines such as analyzing the 
accuracy, noise, and depth of the circuit, so far. 

QAOA is a hybrid quantum-classical algorithm by Farhi and 
his co-authors that is a combinatorial optimization algorithm 
based on earlier algorithms, such as Deutsch-Jozsa [9]. This 
literature is our contribution as it provides a structured 
experimental research of the DeutschJozsa algorithm 
implemented on real NISQ devices. 
III.METHODOLOGYANDSYSTEMDESIGN

 
Two oracle types are implemented. The constant 
oracle either applies no gate (constant-0) or applies an X gate 
to the auxiliary qubit (constant-1), producing no phase 
variation across inputs. The balanced oracle applies CNOT 
gates from each input qubit to the auxiliary qubit, producing 
a phase inversion for exactly half of all possible inputs. Both 
oracles quantum circuits are added to the base circuit to 
implement oracles. 

 
Circuits Circuits are implemented on two platforms, the 

Qiskit Aer qasm_simulator that provides a noise-free 
baseline, 1024 shots, and the real IBM Quantum hardware 

(such as ibmq_quito and ibmq_belem) to measure how it 

 
This system is divided into three layers, a UI Layer which is a
Flask web application, a Quantum Processing Layer that
contains the oracle generator, circuit builder, and execution
module, and an Analysis Layer that verifies performance,
noise and has a classical comparator. This modular strategy
allows us to create, test and develop each component
individually.. 

QuantumCircuit of Qiskit is used to construct the circuit. In
the case of n qubits of input we have n +1 qubits and n
classical bits of the measurement. It can be built in order (i)
add X gate to the auxiliary qubit; (ii) add Hadamard to all the
qubits; (iii) add oracle; (iv) addHadamard to the input qubits,
and (v) measure input qubits.

D. System Architecture

A. Algorithm Overview

⟩⊗

−  Tclassical = O(2n 1), Tquantum = O(1)(3)

Fig. 1. 

 
Fig. 2. Three-layer system architecture integrating the user

interface, quantum processing pipeline, and performance analysis
modules. 

 
Deutsch–Jozsa quantum circuit showing Hadamard gates, 

oracle block, and measurement operations for a 3-qubit input 
register. 

C. Oracle Construction

E. Execution Environments
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workson the real world. The Aer back end is predictable toa
tee and presents us to the theoretical results, but as we
approach the physical machines we enter the NISQ-regime
effects, decoherence, and gate errors and readout noise come
as a pleasant surprise twist to the plot. 

 
Real hardware execution reveals measurable deviations from 
ideal behavior due to NISQ-device noise characteristics. Gate 
errors, readout noise, decoherence during circuit execution, 
and qubit crosstalk collectivelyreduce measurement fidelity. 
The dominant correct-outputstate retains the highest 
probability, demonstrating that the algorithm remains 
functional; however, spuriouscounts appear in non-ideal 
states. Accuracy on hardwareranges from 85% to 96% 
depending on device calibrationstate and circuit depth. 

 
Execution The Qiskit Aer simulator is therefore completely 
accurate on the theory, regardless of the setup we tested. 
Having a constant oracle and 3 input qubits, all 1024 shots 
were the all-zero state |human|, and so it was constant. In the 
balanced oracle, the shots are distributed across the non-zero 
states, and never struck the state |000| at all, displaying the 
function to be balanced. 

Table II presents the hardware and software requirements 
validated for this implementation. 

 
The fundamental computational advantage of the Deutsch–
Jozsa algorithm lies in its oracle query complexity. A 
classical deterministic algorithm, when presented with an 
unknown function, cannot avoid worst-case exponential 
evaluation: for n = 3 bits, up to 5 queries may be needed; 
for n = 20 bits, over 500,000 queries are required. The 

 
Table I summarizes the key performance comparison 
between simulator and hardware execution for the 3-qubit 
Deutsch–Jozsa circuit. 

TABLE I
: S

H

TABLE II 
S

. IBM Q

 
Fig. 4. Measurement histogram from Qiskit Aer simulator 

execution showing ideal output distribution for constant (top) and 
balanced (bottom) oracle configurations. 

Fig. 3. System workflow from user input through oracle
construction, quantum execution, to performance analysis output. 

IV. RESULTS AND DISCUSSION 

Fig. 5. Comparative measurement results between Qiskit Aer
simulator and IBM Quantum hardware execution, highlighting

noise-induced probability deviations. 

A. SimulatorResults

B. IBM Quantum Hardware Results

C. Performance Metrics

D. Classical vs. Quantum Comparison

PERFORMANCE 

SYSTEM REQUIREMENTS

COMPARISON IMULATOR VS
ARDWARE

PECIFICATION 

UANTUM 

Metric 

Component 
Processor

RAM

Python

Qiskit

IBM Quantum

Internet 

Minimum 
Intel i3

4 GB

3.8

0.39+

Free tier

Stable 

Qiskit Aer
Simulator 
100% 

Recommended 
Intel i7 / Ryzen 7

16 GB

3.10+

Latest stable

Premium access

High-speed broadband 

IBM Quantum
Hardware 
85%–96% 

Measurement
Accuracy 

Circuit Depth (3-
qubit) 
Oracle Calls 
Required 
Decoherence Impact 

Gate Error Rate 

Readout Error 

Classical Complexity 

Quantum 
Complexity 

1 

5 gates 

1 

None

0%

0% 

Moderate (T1, T2)

0.1%–1.5% per gate

2%–5% 
n−1O(2

O(1) — constant 
) — exponential 

7–9 gates (transpiled) 
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quantumalgorithm resolves thequestionin exactlyoneoracle
call irrespective of n. Fig. 6illustrates this exponential- versus-
constant scaling relationship. 

 
Circuit depth is a criticalfactor determining hardware 
fidelity. Deeper circuits exposequbits to longer coherence-
time windows, accumulatinggate errors and decoherence 
effects. The Deutsch–Jozsacircuit has an inherently shallow 
structure—O(n) depth—whichis advantageous for NISQ 
execution. Transpilation tonative hardware gate sets may 
increase effective depth;however, Qiskit's optimization 
passes (level 1–3) mitigatethis. Fig. 7 illustrates the 
relationship between circuitdepth and hardware accuracy 
across tested configurations.

 
The following code excerpt demonstrates the core Qiskit 
implementation of the Deutsch–Jozsa algorithm with a 
balanced oracle for 3 input qubits: 
from qiskit import QuantumCircuit,Aer,executedef
balanced_oracle(n): qc = QuantumCircuit(n+1)fori in
range(n): qc.cx(i, n) returnqcdef deutsch_jozsa(n,
oracle_type='balanced'):qc= QuantumCircuit(n + 1, n)
qc.x(n);qc.h(n)foriin range(n): qc.h(i) if
oracle_type=='balanced':qc=
qc.compose(balanced_oracle(n)) for i in range(n):
qc.h(i) for i in range(n): qc.measure(i,i)returnqc
circuit = deutsch_jozsa(3, 'balanced')sim=
Aer.get_backend('qasm_simulator') result=
execute(circuit, sim, shots=1024).result()
print(result.get_counts()) # Output: {'011':256, '101':
256, '110': 256, '111': 256} 

 
Fig. 6. Classical exponential oracle complexity O(2 ) versus n−1

quantum constant complexity O(1) as a function of input size n. 

 
Fig. 7. Relationship between circuit depth and measurement 
accuracy on IBM Quantum hardware, demonstrating fidelity 

degradation with increasing depth. 

E. Noise and CircuitDepth Analysis

F. Sample Output
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Fig. 8. Flask web interface allowing selection of oracle type 

(constant/balanced) and execution mode (simulator/hardware), 
with result visualization panels. 

V. CONCLUSION AND FUTURE WORK 
This paper discusses the implementation of the DeutschJozsa

quantum algorithm using Qiskit and verification of its
effectiveness. We discovered that the algorithm does indeed
do better than classical methods: only a single oracle call is

required as compared to a classical version which would
require an exponential number of checks. When all was ideal

(score 100), our simulator scored the perfect (100) points,
which indicates that we constructed the quantum circuit

correctly. On real IBM Quantum hardware, things were not
so good, the accuracy was between 85 and 96 percent, but

nonetheless the algorithm still does run with all the noise the
devices create. 
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	B. Quantum Circuit Design
	QuantumCircuit of Qiskit is used to construct the circuit. In the case of n qubits of input we have n +1 qubits and n classical bits of the measurement. It can be built in order (i) add X gate to the auxiliary qubit; (ii) add Hadamard to all the qubits; (iii) add oracle; (iv) addHadamard to the input qubits, and (v) measure input qubits.
	Fig. 1.


	C. Oracle Construction
	Two
	The constant  oracle either applies no gate (constant-0) or applies an X gate  to the auxiliary qubit (constant-1), producing no phase  variation across inputs. The balanced oracle applies CNOT  gates from each input qubit to the auxiliary qubit, producing  a phase inversion for exactly half of all possible inputs. Both  oracles quantum circuits are added to the base circuit to  implement oracles.
	oracle
	types
	are
	implemented.

	D. System Architecture
	This system is divided into three layers, a UI Layer which is a Flask web application, a Quantum Processing Layer that contains the oracle generator, circuit builder, and execution module, and an Analysis Layer that verifies performance, noise and has a classical comparator. This modular strategy allows us to create, test and develop each component individually..

	E. Execution Environments
	Circuits Circuits are implemented on two platforms, the  Qiskit Aer qasm_simulator that provides a noise-free  baseline, 1024 shots, and the real IBM Quantum hardware  (such as ibmq_quito and ibmq_belem) to measure how it
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	workson the real world. The Aer back end is predictable toa tee and presents us to the theoretical results, but as we approach the physical machines we enter the NISQ-regime effects, decoherence, and gate errors and readout noise come as a pleasant surprise twist to the plot.
	Fig. 5. Comparative measurement results between Qiskit Aer simulator and IBM Quantum hardware execution, highlighting noise-induced probability deviations.


	C. Performance Metrics
	Fig. 3. System workflow from user input through oracle construction, quantum execution, to performance analysis output.  IV. RESULTS AND DISCUSSION
	A. SimulatorResults
	Table I summarizes the key performance comparison  between simulator and hardware execution for the 3-qubit  Deutsch–Jozsa circuit.
	TABLE I
	: S
	. IBM Q
	PERFORMANCE
	COMPARISON
	IMULATOR VS
	UANTUM
	ARDWARE


	Execution The Qiskit Aer simulator is therefore completely  accurate on the theory, regardless of the setup we tested.  Having a constant oracle and 3 input qubits, all 1024 shots  were the all-zero state |human|, and so it was constant. In the  balanced oracle, the shots are distributed across the non-zero  states, and never struck the state |000| at all, displaying the
	function
	to
	be
	balanced.
	Fig. 4. Measurement histogram from Qiskit Aer simulator  execution showing ideal output distribution for constant (top) and  balanced (bottom) oracle configurations.
	Metric
	Qiskit Aer Simulator  100%
	IBM Quantum Hardware  85%–96%
	Measurement Accuracy  Circuit Depth (3- qubit)  Oracle Calls  Required  Decoherence Impact  Gate Error Rate  Readout Error  Classical Complexity  Quantum  Complexity
	5 gates
	7–9 gates (transpiled)
	None 0% 0%
	Moderate (T1, T2) 0.1%–1.5% per gate 2%–5%
	) — exponential
	O(2 O(1) — constant


	Table II presents the hardware and software requirements
	validated for this implementation.

	B. IBM Quantum Hardware Results
	Real hardware execution reveals measurable deviations from  ideal behavior due to NISQ-device noise characteristics. Gate  errors, readout noise, decoherence during circuit execution,  and qubit crosstalk collectivelyreduce measurement fidelity.
	state retains the highest  probability, demonstrating that the algorithm remains  functional; however, spuriouscounts appear in non-ideal  states. Accuracy on hardwareranges from 85% to 96%  depending on device calibrationstate and circuit depth.
	The dominant correct-output
	TABLE II
	SYSTEM REQUIREMENTS
	PECIFICATION
	Component  Processor RAM Python Qiskit IBM Quantum Internet
	Minimum  Intel i3 4 GB 3.8 0.39+ Free tier Stable
	Recommended  Intel i7 / Ryzen 7 16 GB 3.10+ Latest stable Premium access High-speed broadband



	D. Classical vs. Quantum Comparison
	The fundamental computational advantage of the Deutsch– Jozsa algorithm lies in its oracle query complexity. A  classical deterministic algorithm, when presented with an  unknown function, cannot avoid worst-case exponential  evaluation: for n = 3 bits, up to 5 queries may be needed;  for n = 20 bits, over 500,000 queries are required. The
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	quantumalgorithm resolves thequestionin exactlyoneoracle call irrespective of n. Fig. 6illustrates this exponential- versus-constant scaling relationship.
	Fig. 6. Classical exponential oracle complexity O(2n−1) versus  quantum constant complexity O(1) as a function of input size n.


	E. Noise and CircuitDepth Analysis
	Circuit depth is a criticalfactor determining hardware  fidelity. Deeper circuits exposequbits to longer coherence- time windows, accumulatinggate errors and decoherence  effects. The Deutsch–Jozsacircuit has an inherently shallow  structure—O(n) depth—whichis advantageous for NISQ  execution. Transpilation tonative hardware gate sets may  increase effective depth;however, Qiskit's optimization  passes (level 1–3) mitigatethis. Fig. 7 illustrates the  relationship between circuitdepth and hardware accuracy  across tested configurations.
	Fig. 7. Relationship between circuit depth and measurement  accuracy on IBM Quantum hardware, demonstrating fidelity  degradation with increasing depth.


	F. Sample Output
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