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Article 

STRESS TESTING IBM_BRISBANE: Rapid Noise 
Saturation with Deep Random Circuits on 127 Qubits 
Muhammad Sukri Bin Ramli 

Asia School of Business, Kuala Lumpur, Malaysia; m.binramli@sloan.mit.edu 

Abstract: The practical utility of Noisy Intermediate-Scale Quantum (NISQ) processors depends 
critically on their performance under demanding computational loads. We investigated the impact 
of circuit depth on the 127-qubit superconducting processor ibm_brisbane by executing stress-test 
circuits utilizing all available qubits. These circuits consisted of repeated layers combining random 
single-qubit rotations and linear chains of Controlled-Z entangling gates. We systematically 
increased the ideal circuit depth from 1 up to 30 layers, resulting in transpiled circuits ranging from 
approximately 550 to over 15,000 gates (optimization level 2). Using the qiskit-ibm-runtime Sampler 
primitive with 4096 shots and default error mitigation, we successfully obtained results for ideal 
depths up to 22 (transpiled depth ~11.7k gates), beyond which platform usage limits prevented 
execution. Our central finding is the immediate onset of noise saturation: the output distribution 
reached maximum sample entropy (12.0 bits) and exhibited near-zero average single-qubit Z 
magnetization even at the shallowest depth tested (ideal depth 1, transpiled depth ~550). These noise-
dominated characteristics persisted despite significant increases in transpiled circuit depth. This 
demonstrates that for these specific full-width, complex random circuits, noise overwhelms the 
computation almost instantaneously on this device under default settings, highlighting the profound 
challenge of achieving computational fidelity for deep, wide algorithms in the NISQ era without 
advanced error handling. 

Keywords: quantum computing; NISQ; IBM brisbane; 127 qubits; stress testing; quantum circuits; 
circuit depth; noise saturation; random circuits; entangling gates; CZ gates; transpilation; qiskit; 
qiskit-ibm-runtime; error mitigation; quantum volume; shannon entropy; Z magnetization; 
superconducting qubits; computational fidelity; decoherence 
 

Introduction 

The causal loop diagram illustrates the dynamics of noise and its impact on quantum 
computation performance. Factors such as increasing circuit depth, complexity, and the transpilation 
process, alongside inherent device noise, contribute to Accumulated Noise within the quantum 
system. This accumulated noise fundamentally degrades Computational Fidelity, representing the 
accuracy of the computation, forming a balancing loop (B1) where higher noise leads to lower fidelity. 
While Error Mitigation strategies aim to counteract this degradation and improve fidelity, the 
relationship between fidelity and the final Output Randomness (measured by entropy) forms another 
loop (R1). Decreasing computational fidelity results in increased output randomness, as the quantum 
state loses coherence and approaches a uniform noise distribution. Ultimately, Noise Saturation, a 
state where noise completely dominates, directly drives output randomness to its maximum, 
signifying a collapse of computational fidelity and rendering the output indistinguishable from 
random noise, a phenomenon observed even at shallow depths in the experiments detailed herein. 
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Figure 1. Causal Loop Diagram Illustrating Noise Impact on Computational Fidelity and Output Randomness. 

The current development of quantum computation is situated in the Noisy Intermediate-Scale 
Quantum (NISQ) era, characterized by processors containing tens to hundreds of qubits that, while 
offering potential for exploring complex quantum phenomena, are simultaneously limited by 
significant operational noise and finite qubit coherence times (Preskill, 2018). Evaluating the practical 
capabilities of these NISQ processors requires characterization methods that go beyond component-
level metrics, such as isolated gate fidelities (often measured by techniques like Randomized 
Benchmarking; Magesan et al., 2011) or holistic measures like Quantum Volume (Cross et al., 2019), 
which may not fully capture performance under high computational load involving full qubit 
utilization and deep circuits (Baldwin et al., 2022). It is particularly crucial to understand hardware 
performance under these demanding conditions, as noise accumulation—arising from constituent 
gate errors, environmental decoherence (e.g., due to TLS, radiation), and readout inaccuracies 
(Nielsen & Chuang, 2010; Klimov et al., 2018; Cardani et al., 2021)—fundamentally limits the 
complexity and achievable fidelity of quantum algorithms (Bharti et al., 2022).    

To probe these operational boundaries, stress testing using specific classes of synthetic 
benchmark circuits serves as a valuable methodology. Such tests often employ circuits designed to 
generate high entanglement across the processor and involve a large number of gate operations, 
similar in spirit to random circuit sampling experiments used to benchmark device capabilities (Arute 
et al., 2019). These tests stress the device under conditions relevant to complex quantum simulations 
or future fault-tolerant computations. In this work, we utilize circuits composed of repeated layers of 
random single-qubit gates and fixed entangling operations to exert such stress across the entire 
processor width.    

We perform this stress test on ibm_brisbane, a 127-qubit superconducting quantum processor 
from IBM Quantum's 'Eagle' family (Chow et al., 2021), accessed via the IBM Quantum platform 
using qiskit-ibm-runtime. Our primary research objective is to characterize how the output fidelity 
of this large-scale device behaves as circuit depth is systematically increased while utilizing all 
available qubits. Specifically, we investigate the relationship between logical circuit depth (number 
of layers) and output distribution metrics, namely Shannon entropy and average single-qubit Z 
magnetization, to determine the approximate depth at which noise becomes the dominant factor, 
effectively randomizing the computation for this class of complex, entangling circuits. 

Methods 

All quantum experiments were executed on the ibm_brisbane quantum processor, a 127-qubit 
device based on superconducting transmon qubit technology (Gambetta et al., 2017; Chow et al., 
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2021), accessed via the IBM Quantum cloud platform. This processor utilizes a Heavy Hex qubit 
connectivity topology, characteristic of IBM's 'Eagle' processor family (Chow et al., 2021). 
Communication with the platform and job submission were handled using the qiskit-ibm-runtime 
Python package, version 0.37.0 (IBM Quantum, n.d.-c). Experiments were conducted around April 
21-22, 2025. The primary software stack included Python 3, Qiskit (Qiskit Development Team, 2024), 
NumPy, Pandas for data handling, and Matplotlib for visualization. 

 

Figure 2. Example Quantum Circuit Structure for Stress Test (Illustrative N=4 qubits, Depth=2). 

The quantum circuit structure above illustrates the layered structure of the benchmark circuits 
using a small example with N=4 qubits and an ideal depth d=2. To probe the system's performance 
under high computational load, we designed a synthetic benchmark circuit operating on all N=127 
qubits, similar in spirit to random circuit sampling approaches used for benchmarking (Arute et al., 
2019; Cross et al., 2019). The circuit structure consists of d repeated layers, where d is the "ideal depth" 
parameter varied in our experiments. Each layer is composed of two sub-layers: first, a layer of 
simultaneous random single-qubit universal rotations, implemented using Qiskit's U gate (U(θ,ϕ,λ)), 
where the angles θ,ϕ,λ for each qubit were drawn independently and uniformly from [0,2π); second, 
a layer of entangling gates, implemented as a linear chain of Controlled-Z (CZ) gates connecting qubit 
i to qubit i+1 for i ranging from 0 to N−2=125. Qiskit barrier instructions were inserted between sub-
layers for logical clarity but have no physical effect during execution. Following the d layers, a final 
measurement in the computational (Z) basis was applied to all qubits using Qiskit's measure_all 
operation, mapping results to a single 127-bit classical register. We systematically varied the ideal 
depth parameter d across the range from 1 to 30.    

Before execution, each constructed ideal circuit was transpiled specifically for the ibm_brisbane 
backend's instruction set architecture (ISA) and coupling map using the qiskit.compiler.transpile 
function (IBM Quantum, n.d.-b ). We used optimization_level=2 to balance optimization effort and 
compilation time; noise-aware or variability-aware compilation strategies were not explicitly 
employed (cf. Murali et al., 2019; Tannu & Qureshi, 2019). This process maps logical qubits to physical 
device qubits and decomposes logical gates into the hardware's native basis gate set (primarily ECR, 
SX, RZ, X, ID gates for IBM hardware). The resulting transpiled circuit depths ranged from 
approximately 550 gates (for d=1) to over 15,000 gates (for d=30), with corresponding total native gate 
counts ranging from ~1800 to over 60,000.    

Jobs were submitted to the backend via the qiskit_ibm_runtime.Sampler primitive (V2 interface), 
managed within a qiskit_ibm_runtime.Session context for each job submission. A total of Nshots
=4096 shots were requested for each circuit execution. Default runtime options were used by passing 
options= {} to the Sampler, implying default error mitigation settings were applied by the service 
(IBM Quantum, n.d.-a), likely including basic measurement error mitigation (e.g., Bravyi et al., 2021; 
van den Berg et al., 2023) but not more advanced techniques like Zero-Noise Extrapolation (Temme 
et al., 2017) for this set of experiments.    

Completed job results were retrieved using the job.result() method. The raw measurement 
outcomes were obtained from the SamplerResult's data structure (result[0].data.meas.get_counts()), 
typically returned as a dictionary mapping hexadecimal string (representing measured states) to 
counts. Due to the observation of keys corresponding to integers larger than the expected 2127−1 
range, each key k was processed by converting to an integer, applying a 127-bit mask (& ((1 << 127) - 
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1)), and reformatting to a fixed-length binary string to ensure correct interpretation of the 127-qubit 
outcomes. Counts from different raw keys mapping to the same 127-bit string were aggregated.    

From the processed binary counts distribution p(x) for each run, we calculated several metrics:  
(i) The total number of unique observed 127-bit outcomes.  

(ii) The Shannon entropy H of the measured probability distribution p(x) over the output bitstrings x 

is calculated as: 

 

 

 

 

 

 

Where the sum is over all possible measurement outcomes (bitstrings) x, and p(x) is the observed 
probability of measuring bitstring x. The logarithm is base 2, so the entropy is measured in bits. 

(iii) The average magnetization (or expectation value of the Pauli-Z operator) for a specific qubit i, 

denoted ⟨Zi⟩, is calculated from the measurement counts as: 

 

 

 

 

 

 

 

 

 𝑖 = 0. .127. 
Where: 

 

Results 

We executed the depth-scaling stress test circuits for ideal depths d ranging from 1 to 30 on the 
ibm_brisbane processor. A summary of the experimental runs and key resulting metrics is presented 
in Figure 4. Runs for ideal depths d=1 through d=22 completed successfully with status DONE. 
However, job submissions for d≥23 failed due to exceeding platform usage limits associated with the 
user account plan (specifically, initial failures indicated quota limits followed by subsequent failures 
due to exceeding the pending job limit). Consequently, detailed analysis is presented for the 
successful runs from d=1 to d=22. 
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Figure 4. Stress Test Core Metrics vs Ideal Circuit Depth on ibm_brisbane. Panels show (a) Output Entropy, (b) 
Standard Deviation of ⟨Zi⟩, (c) Transpiled Circuit Depth (Optimization Level 2), and (d) Number of Unique 
Outcomes. 

The primary performance metrics as a function of ideal circuit depth are visualized in Figure 4. 
Panel (a) displays the Shannon entropy of the output distribution, calculated from the 4096 shots 
obtained for each completed run. The entropy immediately saturates at a value of 12.0 bits for d=1 
(corresponding to a transpiled depth of ~550 gates) and remains constant at this value for all 
successfully executed depths up to d=22. This value corresponds to the maximum possible entropy 
for a distribution spread across 4096 unique outcomes (log2(4096)=12), indicating maximum 
randomness within the sample size achieved even at the shallowest depth. Panel (d) confirms this 
observation, showing that the number of unique measured bitstrings also saturated at the maximum 
possible value of 4096 for all depths from d=1 onwards.    

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Distribution of Single-Qubit Average Z Magnetization (⟨Zi⟩) for Selected Ideal Depths (1, 5, 10, 15, 
22). 

Further insight into the output state is provided by the single-qubit Z magnetization, ⟨Zi⟩. Figure 
5 presents histograms of the ⟨Zi⟩ values calculated for all 127 qubits for several representative ideal 
circuit depths (d=1, 5, 10, 15, and 22). As shown in the figure, for all these depths, the distribution is 
tightly clustered around zero, indicating that, on average, each qubit yielded random outcomes (50% 
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probability of measuring 0, 50% probability of measuring 1). This behavior was consistent across all 
successfully measured depths (d=1 through d=22), which is further supported by the low and stable 
standard deviation of the ⟨Zi⟩ values shown in Figure 4(b). This confirms the lack of any significant 
qubit bias towards ∣0⟩ or ∣1⟩, even as the computational workload increased significantly, evidenced 
by the near-linear growth in transpiled circuit depth shown in Figure 4(c). In summary, the key 
numerical findings demonstrate an immediate saturation of output randomness metrics (sample 
entropy, unique outcomes) and near-zero qubit magnetizations at the shallowest ideal depth tested 
(d=1), which persisted even as the transpiled circuit depth increased by over an order of magnitude 
across the successfully executed runs. 

Discussion 

The results presented in Section 3 compellingly indicate that for the specific class of wide (127-
qubit), computationally intensive random circuits executed on ibm_brisbane, the system enters a 
regime dominated by noise almost instantaneously. The saturation of the Shannon entropy at the 
maximum possible value dictated by the sample size (12.0 bits for 4096 shots), combined with the 
observation of the maximum number (4096) of unique outcomes, occurs even at the shallowest ideal 
depth tested (d=1, corresponding to a transpiled depth of ~550 gates). Furthermore, the single-qubit 
Z magnetizations consistently cluster around zero for all qubits across all successfully executed 
depths (Figures 4b and 5), providing further evidence that the output distribution rapidly approaches 
a uniform random distribution over the 2127 possible bitstrings. This contrasts sharply with the 
expected structured, albeit complex, output distribution from an ideal, noiseless execution of these 
specific unitary circuits. This signifies a near-immediate loss of quantum coherence and fidelity 
characteristic of the challenges faced in the NISQ era (Preskill, 2018).    

Unlike benchmarks such as Quantum Volume, which often show a more gradual decay in 
success probability as circuit size increases (Cross et al., 2019; Baldwin et al., 2022), our experiment 
reveals an immediate "noise cliff" for this type of full-width computation. The specific structure 
chosen—alternating layers of random universal single-qubit gates and a dense linear chain of CZ 
entangling gates—likely contributes to this rapid decoherence by quickly spreading errors and 
generating highly complex entanglement structures across the entire device width. Even state-of-the-
art superconducting processors are susceptible to multiple noise channels, including gate errors, 
qubit decoherence (T1/T2 processes), readout errors, and potentially crosstalk (Nielsen & Chuang, 
2010; Mundada et al., 2019), all of which accumulate rapidly in deep circuits.    

The impact of increasing circuit depth is clearly visible in the transpiled gate counts (Figure 4c 
and analysis of transpiled operations), demonstrating a significant increase in the computational 
workload executed by the hardware. However, this increase in depth did not lead to any discernible 
change in the output distribution's noise characteristics beyond d=1, as evidenced by the saturated 
entropy and stable magnetization spread (Figures 4a, 4b, 4d). This strongly suggests that without 
employing advanced error mitigation or fault-tolerant error correction schemes, simply running 
deeper versions of these complex, wide circuits provides no additional computational refinement, as 
the signal is lost almost immediately. This underscores the critical importance of developing and 
implementing effective error handling strategies (Endo et al., 2021; Kim et al., 2023) to extract utility 
from NISQ devices for complex problems.    

Our findings highlight the distinction between the operational capability and the computational 
fidelity of current large-scale quantum hardware. ibm_brisbane successfully handled the submission 
and execution of jobs involving transpiled circuits with depths exceeding 10,000 gates across all 127 
qubits, demonstrating significant operational robustness. However, the fidelity of the computation 
degrades almost instantly for these stressful circuits, showcasing the stark limitations imposed by 
noise. Furthermore, practical constraints were encountered due to platform usage limits (quota 
restrictions and pending job limits), which prevented the execution of circuits with ideal depths d≥23 
during our experimental window.    
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This study has several limitations. Firstly, we investigated only one specific structure of random 
circuits (random U gates with linear CZ chain). Performance could differ significantly for circuits 
with more inherent structure, different gate sets, or entanglement patterns better matched to the 
hardware's native Heavy Hex topology (Murali et al., 2019; Tannu & Qureshi, 2019). Secondly, only 
the default error mitigation settings provided by the qiskit-ibm-runtime Sampler were employed. 
The potential benefits of more advanced, explicitly configured techniques like Zero-Noise 
Extrapolation (Temme et al., 2017) or Probabilistic Error Cancellation (van den Berg et al., 2023) were 
not assessed in this work. Thirdly, these experiments represent a snapshot in time, and device 
performance can exhibit temporal variations due to factors like calibration drift (Klimov et al., 2018).    

Despite these limitations, the clear observation of immediate noise saturation provides valuable 
data. Further analysis of the existing dataset could involve examining marginal distributions for qubit 
subsets or investigating two-qubit correlations to search for any residual structure within the noise. 
Theoretical noise modeling could also attempt to reproduce the observed rapid decoherence. 
Comparing these results with similar tests on different hardware platforms or with different circuit 
structures remains an important direction for future experimental work. 

Conclusion 

In this work, we conducted a depth-scaling stress test on the 127-qubit ibm_brisbane 
superconducting quantum processor, utilizing the full device width with circuits composed of 
layered random single-qubit unitaries and linear chains of CZ entangling gates. Our results 
demonstrate the operational capability of the system to handle and execute computationally 
demanding workloads, successfully completing jobs involving circuits transpiled to depths 
exceeding 10,000 native gates (corresponding to ideal circuit depths up to d=22 layers).    

Despite this operational success, the analysis of the output distributions revealed a stark picture 
of the current fidelity limitations for this class of computation. Key metrics, including the Shannon 
entropy of the sampled outcomes and the number of unique bitstrings observed, saturated at their 
maximum possible values (limited by the 4096 shots) even at the shallowest ideal depth tested (d=1, 
corresponding to a transpiled depth of approximately 550 gates). Furthermore, single-qubit 
magnetizations remained statistically indistinguishable from zero across all successfully executed 
depths.    

These findings indicate that for complex, highly entangling circuits spanning the full width of 
this large NISQ processor, noise becomes the overwhelming factor almost immediately, effectively 
randomizing the output distribution even for relatively shallow logical circuits. While the hardware 
can execute deep gate sequences, achieving meaningful computational fidelity for such tasks 
necessitates the implementation of robust, effective error mitigation strategies or the eventual advent 
of fault-tolerant quantum error correction. Additionally, practical limitations imposed by cloud 
platform usage quotas and job concurrency limits were encountered, restricting the exploration of 
even deeper circuits in this study. Our results underscore the significant challenges that must be 
addressed to unlock the potential of large-scale quantum processors for complex algorithms. 

Appendix 
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Flowchart 1: Workflow for Quantum Stress Test Experiment 
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Figure 6. Box Plot of Distribution of Average Magnetization Values Per Depth. 

 
 

Figure 7. Mean Magnetization vs Input Depth. 
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Figure 8. Breakdown of transpiled native gate counts (RZ, SX, ECR, X, measurement, barrier) as a function of 
ideal circuit depth using optimization level 2. 

 

Figure 9. Transpilation Time vs Input Depth. 
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Figure 10. 2Q/SWAP Counts vs Ideal Depth. 

 

Figure 11. Magnetization Standard Deviation vs Input Depth. 
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Figure 12. Ideal vs Transpiled Circuit Depth. 

 
Visual Studio Code Miniconda Qiskit Environment 
 
pip install qiskit qiskit-ibm-runtime matplotlib numpy scipy pandas 
 
# --- Run this code block ONCE securely --- 
from qiskit_ibm_runtime import QiskitRuntimeService 
 
# Replace the placeholder below with your REAL API token from IBM Quantum 
my_api_token = "INSERT YOUR IBM QUANTUM API KEY HERE" 
 
try: 
    # Save the account information for Qiskit to use later 
    # Use channel='ibm_quantum' for the cloud service 
    # overwrite=True allows updating if you saved before 
    QiskitRuntimeService.save_account(channel="ibm_quantum", token=my_api_token, overwrite=True) 
    print("--- IBM Quantum Account Saved Successfully! ---") 
    print("You can now run the main experiment script.") 
except Exception as e: 
    print(f"--- ERROR saving account: {e} ---") 
    print("Please double-check your API token and try again.") 
# --- End of secure setup code --- 
 
 
# --- Prerequisites --- 
import time 
import math 
import json 
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import os 
import traceback 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
 
from qiskit import QuantumCircuit, transpile 
# Corrected Imports for v0.37.0 
from qiskit_ibm_runtime import QiskitRuntimeService, Sampler, Session, Options 
from qiskit_ibm_runtime.constants import JobStatus 
from qiskit_ibm_runtime.exceptions import JobError 
from qiskit.visualization import plot_histogram, circuit_drawer 
 
print("--- IBM Quantum Shallow Depth Stress Test (Pinpoint Noise Onset) ---") 
print("!!! Running shallow depths on hardware. Expect queue times. !!!") 
 
# --- Configuration --- 
BACKEND_NAME = "ibm_brisbane" 
NUM_SHOTS = 4096 
OPTIMIZATION_LEVEL = 2 
# <<< --- Testing SHALLOW Depths --- >>> 
DEPTHS_TO_TEST = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 

29, 30] 
# <<< ----------------------------- >>> 
RESULTS_FILE = 'stress_test_shallow_depth_results.json' # Use a NEW file name 
 
# --- Initialize Service --- 
try: 
    service = QiskitRuntimeService() # Uses saved account 
    print(f"QiskitRuntimeService initialized. Using account: {service.active_account()}") 
except Exception as e: print(f"ERROR init service: {e}"); traceback.print_exc(); exit() 
 
# --- Select Backend --- 
try: 
    backend = service.backend(BACKEND_NAME) 
    num_qubits = backend.num_qubits 
    print(f"Selected backend: {backend.name} ({num_qubits} qubits)") 
    if backend.simulator: print("ERROR: Selected backend is a simulator."); exit() 
except Exception as e: print(f"ERROR accessing backend: {e}"); traceback.print_exc(); exit() 
 
# --- Helper Function for Circuit Creation --- 
def create_stress_circuit(depth, num_qubits): 
    qc = QuantumCircuit(num_qubits, name=f"Stress_{depth}L_{num_qubits}q") 
    for layer in range(depth): 
        for i in range(num_qubits): theta, phi, lam = 2 * np.pi * np.random.rand(3); qc.u(theta, phi, lam, i) 
        qc.barrier() 
        if num_qubits > 1: 
            for i in range(num_qubits - 1): qc.cz(i, i + 1) 
        qc.barrier() 
    qc.measure_all(inplace=True) 
    return qc 
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# --- Load Previous Results or Initialize Data Storage --- 
results_data = [] 
if os.path.exists(RESULTS_FILE): # Load from the SHALLOW results file 
    try: 
        with open(RESULTS_FILE, 'r') as f: 
            content = f.read() 
            if content: results_data = json.loads(content); print(f"Loaded {len(results_data)} previous results 

from {RESULTS_FILE}") 
            else: print(f"{RESULTS_FILE} was empty. Starting fresh."); results_data = [] 
    except json.JSONDecodeError: print(f"Warning: {RESULTS_FILE} invalid JSON. Starting fresh."); 

results_data = [] 
    except Exception as e: print(f"Warning: Could not load previous results: {e}. Starting fresh."); results_data 

= [] 
else: print(f"No previous results file found ({RESULTS_FILE}). Starting fresh.") 
processed_depths = {res.get("depth") for res in results_data if res.get("depth") is not None and res.get("status") 

!= "PENDING"} 
 
# --- Main Loop --- 
for depth in DEPTHS_TO_TEST: 
    if depth in processed_depths: print(f"\n--- Skipping Depth: {depth} (already found in results file) ---"); 

continue 
    print(f"\n--- Processing Depth: {depth} ---") 
    run_data = { "depth": depth, "job_id": None, "status": "PENDING", "ideal_depth": None, "ideal_size": None, 

"transpiled_depth": None, "transpiled_ops": None, "transpile_time": None, "unique_outcomes": None, 
"shannon_entropy": None, "avg_magnetization": None, "std_magnetization": None, "shots_returned": 
None } 

    try: 
        ideal_circuit = create_stress_circuit(depth, num_qubits) 
        run_data["ideal_depth"] = ideal_circuit.depth(); run_data["ideal_size"] = ideal_circuit.size() 
        print(f"Ideal circuit created (Depth={run_data['ideal_depth']}, Size={run_data['ideal_size']}).") 
        print(f"Transpiling (level {OPTIMIZATION_LEVEL})...") 
        t_start = time.time() 
        isa_circuit = transpile(ideal_circuit, backend=backend, optimization_level=OPTIMIZATION_LEVEL) 
        t_end = time.time() 
        run_data["transpile_time"] = round(t_end - t_start, 2); run_data["transpiled_depth"] = 

isa_circuit.depth(); run_data["transpiled_ops"] = dict(isa_circuit.count_ops()) 
        print(f"Transpiled in {run_data['transpile_time']:.2f}s (Depth={run_data['transpiled_depth']}, 

Size={isa_circuit.size()}).") 
        job = None; result = None; session = None 
        try: 
            with Session(backend=backend) as session: 
                print(f"Session opened: {session.session_id}") 
                sampler = Sampler(options={}) # Use default options 
                print("Sampler initialized.") 
                print(f"Submitting job...") 
                job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
                run_data["job_id"] = job.job_id() 
                print(f"Job submitted: {run_data['job_id']}. Waiting for results...") # Still need to wait 
                result = job.result() # BLOCKING CALL 
                run_data["status"] = job.status() 
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                print(f"Job {run_data['job_id']} finished with status: {run_data['status']}") 
        except JobError as job_err: print(f"ERROR: Job {job.job_id() if job else 'UNKNOWN'} failed! Error: 

{job_err}"); run_data["status"] = "ERROR"; 
        except Exception as e: print(f"ERROR during job execution:"); traceback.print_exc(); run_data["status"] 

= "ERROR_UNKNOWN" 
        # 'with Session' handles closing 
 
        if result and run_data["status"] == "DONE": 
            print("Processing results...") 
            # ... (results processing logic remains the same) ... 
            if not result or len(result) == 0: print("ERROR: No results data found."); run_data["status"] = 

"ERROR_NO_RESULT_DATA"; raise Exception("Result object empty") 
            pub_result = result[0]; counts = {}; register_name = None; data_bin = pub_result.data 
            if hasattr(data_bin, 'meas'): register_name = 'meas'; counts = data_bin.meas.get_counts() 
            elif hasattr(data_bin, 'c'): register_name = 'c'; counts = data_bin.c.get_counts() 
            if register_name: 
                binary_counts = {}; shots_returned = 0; bitmask = (1 << num_qubits) - 1 
                print(f"Processing counts using {num_qubits}-bit mask...") 
                processed_counts = {} 
                for k, v in counts.items(): 
                    try: raw_val = int(k, 16); masked_val = raw_val & bitmask; bitstring = format(masked_val, 

f'0{num_qubits}b'); processed_counts[bitstring] = processed_counts.get(bitstring, 0) + v; shots_returned 
+= v 

                    except ValueError: print(f"  Warning: Skipping key '{k}' (not hex?)."); continue 
                    except Exception as parse_err: print(f"  Warning: Error parsing key '{k}': {parse_err}"); 

continue 
                binary_counts = processed_counts 
                print(f"Processed {len(binary_counts)} unique {num_qubits}-bit outcomes.") 
                run_data["shots_returned"] = shots_returned; run_data["unique_outcomes"] = 

len(binary_counts) 
                if shots_returned > 0: 
                    entropy = 0.0 
                    for count in binary_counts.values(): prob = count / shots_returned; entropy -= prob * 

math.log2(prob) if prob > 0 else 0 
                    run_data["shannon_entropy"] = round(entropy, 4) 
                    avg_magnetization = np.zeros(num_qubits); processed_shots_mag = 0 
                    for bitstring, count in binary_counts.items(): 
                        if len(bitstring) != num_qubits: continue 
                        processed_shots_mag += count 
                        for qubit_idx, bit in enumerate(bitstring[:num_qubits]): z_value = 1.0 if bit == '0' else -1.0; 

avg_magnetization[qubit_idx] += z_value * count 
                    if processed_shots_mag > 0: avg_magnetization /= processed_shots_mag; 

run_data["avg_magnetization"] = np.round(avg_magnetization, 4).tolist(); 
run_data["std_magnetization"] = round(np.std(avg_magnetization), 4) 

                    else: print("No valid shots for magnetization.") 
                else: print("No valid shots returned.") 
            else: print("ERROR: No 'meas' or 'c' register."); run_data["status"] = "ERROR_NO_REGISTER" 
 
        # Append/Update results data 
        found_existing = False 
        for i, existing_run in enumerate(results_data): 
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            if existing_run.get("depth") == depth: results_data[i] = run_data; found_existing = True; break 
        if not found_existing: results_data.append(run_data) 
        try: 
            with open(RESULTS_FILE, 'w') as f: json.dump(results_data, f, indent=2) 
            print(f"Intermediate results saved to {RESULTS_FILE}") 
        except Exception as save_e: print(f"Warning: Failed to save intermediate results: {save_e}") 
    except Exception as outer_e: print(f"ERROR processing depth {depth}:"); traceback.print_exc(); 

run_data["status"] = "ERROR_PROCESSING"; results_data.append(run_data) 
    finally: # Save intermediate results even on outer error 
        try: 
            with open(RESULTS_FILE, 'w') as f: json.dump(results_data, f, indent=2) 
        except Exception as save_e: print(f"Warning: Failed to save error state: {save_e}") 
 
# --- Final Analysis & Plotting --- 
print("\n--- Finished processing all requested depths ---") 
try: 
    df = pd.DataFrame(results_data) 
    print("\nSummary DataFrame (Shallow Depths):") 
    print(df[['depth', 'status', 'job_id', 'transpiled_depth', 'shannon_entropy', 'std_magnetization']].to_string()) 
    df_done = df[(df['status'] == "DONE") & (df['shannon_entropy'].notna())].copy() 
    df_done.sort_values(by='depth', inplace=True) 
    if not df_done.empty: 
        print("\nGenerating plots for completed runs...") 
        plt.figure(figsize=(12, 8)); plt.suptitle(f'Shallow Depth Stress Test Metrics on {BACKEND_NAME}') 
        # ... (Plotting code remains the same) ... 
        plt.subplot(2, 2, 1); plt.plot(df_done['depth'], df_done['shannon_entropy'], marker='o'); 

plt.axhline(y=num_qubits, color='r', linestyle='--', label=f'Max ({num_qubits})'); plt.xlabel("Ideal Depth 
(Layers)"); plt.ylabel("Shannon Entropy (bits)"); plt.title("Output Entropy"); plt.legend(); plt.grid(True) 

        plt.subplot(2, 2, 2); plt.plot(df_done['depth'], df_done['std_magnetization'], marker='s'); 
plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Std Dev of <Z>"); plt.title("Magnetization Spread"); 
plt.grid(True) 

        plt.subplot(2, 2, 3); plt.plot(df_done['depth'], df_done['transpiled_depth'], marker='^'); plt.xlabel("Ideal 
Depth (Layers)"); plt.ylabel("Transpiled Depth"); plt.title(f"Transpiled Depth 
(Opt={OPTIMIZATION_LEVEL})"); plt.grid(True) 

        plt.subplot(2, 2, 4); plt.plot(df_done['depth'], df_done['unique_outcomes'], marker='d'); 
plt.axhline(y=NUM_SHOTS, color='r', linestyle='--', label=f'Max ({NUM_SHOTS})'); plt.xlabel("Ideal 
Depth (Layers)"); plt.ylabel("Unique Outcomes"); plt.title("# Unique Outcomes"); plt.legend(); 
plt.grid(True) 

        plt.tight_layout(rect=[0, 0.03, 1, 0.95]); plt.show() 
        # plt.savefig(f'shallow_depth_scaling_{BACKEND_NAME}.png') 
    else: print("\nNo successfully completed jobs with data found in the results file to plot.") 
except ImportError: print("\nPlotting requires pandas. `pip install pandas`") 
except Exception as plot_e: print(f"\nError plotting: {plot_e}"); traceback.print_exc() 
 
print("\n--- End of Script ---") 
 
 
# --- Script to Analyze Existing Stress Test Results with Enhancements --- 
 
import json 
import os 
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import traceback 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
import math 
 
print("--- Analyzing Shallow Depth Stress Test Results (Enhanced Analysis) ---") 
 
# --- Configuration --- 
NUM_QUBITS = 127 
NUM_SHOTS = 4096 # Assuming this was used for all runs in the file 
BACKEND_NAME = "ibm_brisbane" 
OPTIMIZATION_LEVEL = 2 # As used in the runs 
RESULTS_FILE = 'stress_test_shallow_depth_results.json' # File with your results 
 
# --- Load Results --- 
results_data = [] 
if os.path.exists(RESULTS_FILE): 
    try: 
        with open(RESULTS_FILE, 'r') as f: 
            content = f.read() 
            if content: results_data = json.loads(content); print(f"Loaded {len(results_data)} results from 

{RESULTS_FILE}") 
            else: print(f"{RESULTS_FILE} is empty. Nothing to analyze."); exit() 
    except Exception as e: print(f"ERROR loading or parsing {RESULTS_FILE}: {e}"); traceback.print_exc(); 

exit() 
else: print(f"ERROR: Results file not found: {RESULTS_FILE}"); exit() 
 
# --- Data Processing and Metric Calculation --- 
print("\n--- Processing Stored Results ---") 
processed_results = [] 
bitmask = (1 << NUM_QUBITS) - 1 
 
for run_data in results_data: 
    depth = run_data.get("depth") 
    status = run_data.get("status") 
    print(f"Processing entry for depth {depth} (Status: {status})...") 
 
    # Copy existing data 
    processed_entry = run_data.copy() 
 
    # --- Recalculate metrics for DONE jobs --- 
    # Ensures consistency even if file was manually edited or partially processed 
    if status == "DONE" and run_data.get("job_id"): 
        # Need to retrieve results again if counts aren't stored directly 
        # For simplicity here, we assume counts WERE processed correctly and saved 
        # If not, you'd need to add job retrieval: 
        # job = service.job(run_data["job_id"]) 
        # result = job.result() # etc. 
        # For now, assume counts need re-processing from raw IF available 
        # NOTE: This part requires the raw counts stored in JSON, which wasn't done previously. 
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        # We will proceed assuming the calculated values in the JSON are correct, 
        # but add calculation for Hamming weight if possible from avg_magnetization 
        # A better approach would be to save raw counts dict in the JSON. 
 
        # Let's recalculate Hamming stats if avg_magnetization exists (as a proxy for counts processing) 
        if run_data.get("avg_magnetization") is not None and run_data.get("shots_returned") == 

NUM_SHOTS: 
             # Placeholder: Cannot recalculate Hamming weight without raw counts. 
             # We'll add columns but leave them empty if raw counts aren't saved. 
             processed_entry["hamming_mean"] = None # Requires raw counts 
             processed_entry["hamming_std"] = None # Requires raw counts 
             print("  (Skipping Hamming calc - needs raw counts stored in JSON)") 
        else: 
             processed_entry["hamming_mean"] = None 
             processed_entry["hamming_std"] = None 
 
        # --- Extract Gate Counts --- 
        if run_data.get("transpiled_ops"): 
             ops_dict = run_data["transpiled_ops"] 
             # Adjust gate name if 'ecr' wasn't the primary 2Q gate for Brisbane in that transpilation 
             processed_entry['ecr_count'] = ops_dict.get('ecr', 0) + ops_dict.get('cx', 0) # Sum common 2Q gates 
             processed_entry['swap_count'] = ops_dict.get('swap', 0) 
        else: 
             processed_entry['ecr_count'] = None 
             processed_entry['swap_count'] = None 
 
    processed_results.append(processed_entry) 
 
# --- Final Analysis & Plotting --- 
print("\n--- Generating DataFrame and Plots ---") 
try: 
    df = pd.DataFrame(processed_results) 
    print("\nFull Summary DataFrame with Extracted Gates:") 
    cols_to_show = ['depth', 'status', 'job_id', 'transpiled_depth', 'ecr_count', 'swap_count', 'shannon_entropy', 

'std_magnetization', 'unique_outcomes'] 
    existing_cols = [col for col in cols_to_show if col in df.columns] 
    print(df[existing_cols].to_string()) 
 
    # Filter DataFrame for DONE status and valid entropy 
    df_done = df[(df['status'] == "DONE") & pd.notna(df.get('shannon_entropy'))].copy() 
 
    if not df_done.empty and 'depth' in df_done.columns: 
        df_done.sort_values(by='depth', inplace=True) 
        max_depth_plotted = df_done['depth'].max() 
        print(f"\nGenerating plots for {len(df_done)} completed runs (up to depth {max_depth_plotted})...") 
 
        # --- Create Figure 1: Core Metrics --- 
        plt.figure(figsize=(12, 8)); plt.suptitle(f'Stress Test Core Metrics vs Depth on {BACKEND_NAME} (Up 

to Depth {max_depth_plotted})') 
        # Plot Entropy 
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        if 'shannon_entropy' in df_done.columns: plt.subplot(2, 2, 1); plt.plot(df_done['depth'], 
df_done['shannon_entropy'], marker='o'); plt.axhline(y=math.log2(NUM_SHOTS), color='g', 
linestyle=':', label=f'Max Sample Entropy ({math.log2(NUM_SHOTS):.1f})'); 
plt.axhline(y=NUM_QUBITS, color='r', linestyle='--', label=f'Max Qubit Entropy ({NUM_QUBITS})'); 
plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Shannon Entropy (bits)"); plt.title("Output Entropy"); 
plt.legend(); plt.grid(True) 

        # Plot Magnetization Spread 
        if 'std_magnetization' in df_done.columns: plt.subplot(2, 2, 2); plt.plot(df_done['depth'], 

df_done['std_magnetization'], marker='s'); plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Std Dev of 
<Z>"); plt.title("Magnetization Spread"); plt.grid(True); plt.ylim(bottom=0) 

        # Plot Transpiled Depth 
        if 'transpiled_depth' in df_done.columns: plt.subplot(2, 2, 3); plt.plot(df_done['depth'], 

df_done['transpiled_depth'], marker='^'); plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Transpiled 
Depth"); plt.title(f"Transpiled Depth (Opt={OPTIMIZATION_LEVEL})"); plt.grid(True) 

        # Plot Unique Outcomes 
        if 'unique_outcomes' in df_done.columns: plt.subplot(2, 2, 4); plt.plot(df_done['depth'], 

df_done['unique_outcomes'], marker='d'); plt.axhline(y=NUM_SHOTS, color='r', linestyle='--', 
label=f'Max ({NUM_SHOTS})'); plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Unique Outcomes"); 
plt.title("# Unique Outcomes"); plt.legend(); plt.grid(True) 

        plt.tight_layout(rect=[0, 0.03, 1, 0.95]); plt.show() 
        # plt.savefig(f'final_core_metrics_{BACKEND_NAME}.png') 
 
        # --- Create Figure 2: Transpilation Metrics --- 
        plt.figure(figsize=(12, 5)); plt.suptitle(f'Transpilation Gate Counts vs Depth on {BACKEND_NAME}') 
        # Plot 2Q Gate Counts 
        if 'ecr_count' in df_done.columns: plt.subplot(1, 2, 1); plt.plot(df_done['depth'], df_done['ecr_count'], 

marker='x'); plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Count"); plt.title("Transpiled 2Q Gates 
(ECR/CX)"); plt.grid(True) 

        # Plot SWAP Gate Counts 
        if 'swap_count' in df_done.columns: plt.subplot(1, 2, 2); plt.plot(df_done['depth'], 

df_done['swap_count'], marker='+'); plt.xlabel("Ideal Depth (Layers)"); plt.ylabel("Count"); 
plt.title("Transpiled SWAP Gates"); plt.grid(True) 

        plt.tight_layout(rect=[0, 0.03, 1, 0.95]); plt.show() 
        # plt.savefig(f'final_transpilation_gates_{BACKEND_NAME}.png') 
 
        # --- Create Figure 3: Magnetization Distribution --- 
        depths_to_plot_mag = [d for d in [1, 5, 10, 15, df_done['depth'].max()] if d in df_done['depth'].values] # 

Select depths 
        if 'avg_magnetization' in df_done.columns and depths_to_plot_mag: 
             print("\nGenerating Magnetization Distribution plots...") 
             plt.figure(figsize=(min(15, 3*len(depths_to_plot_mag)), 4)) 
             plt.suptitle(f'Distribution of Single-Qubit <Z> on {BACKEND_NAME}') 
             for i, depth_val in enumerate(depths_to_plot_mag): 
                 mags = df_done.loc[df_done['depth'] == depth_val, 'avg_magnetization'].iloc[0] 
                 if mags: # Check if list is not None/empty 
                      plt.subplot(1, len(depths_to_plot_mag), i+1) 
                      plt.hist(mags, bins=20, range=(-1, 1)) 
                      plt.xlabel("Avg. Z Mag.") 
                      if i == 0: plt.ylabel("# Qubits") 
                      plt.title(f"Depth {depth_val}") 
                      plt.grid(True); plt.ylim(bottom=0) 
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                 else: print(f"No magnetization data for depth {depth_val}") 
             plt.tight_layout(rect=[0, 0.03, 1, 0.93]); plt.show() 
             # plt.savefig(f'final_magnetization_dist_{BACKEND_NAME}.png') 
        else: print("No magnetization data available to plot distributions.") 
 
        # Hamming Weight calculation requires raw counts, which were not saved in the previous script. 
        # Add code here if you modify the main script to save `binary_counts` to the JSON file. 
        print("\n(Skipping Hamming Weight analysis - requires raw counts saved in JSON)") 
 
    else: 
        print("\nNo successfully completed jobs with processed data found in the results file to plot.") 
 
except ImportError: print("\nPlotting requires pandas. `pip install pandas`") 
except Exception as plot_e: print(f"\nError during analysis/plotting: {plot_e}"); traceback.print_exc() 
 
print("\n--- End of Analysis ---") 
 

 
 
 

 
Visual Studio Code Result 
 
 
--- IBM Quantum Shallow Depth Stress Test (Pinpoint Noise Onset) --- 
!!! Running shallow depths on hardware. Expect queue times. !!! 
QiskitRuntimeService initialized. Using account: {'channel': 'ibm_quantum', 'url': 

'https://auth.quantum.ibm.com/api', 'token': 'INSERT YOUR IBM QUANTUM TOKEN HERE', 'verify': 
True, 'private_endpoint': False} 

Selected backend: ibm_brisbane (127 qubits) 
No previous results file found (stress_test_shallow_depth_results.json). Starting fresh. 
 
--- Processing Depth: 1 --- 
Ideal circuit created (Depth=128, Size=380). 
Transpiling (level 2)... 
Transpiled in 3.61s (Depth=548, Size=1795). 
Session opened: d02xrybqnmvg0082929g 
Sampler initialized. 
Submitting job... 
Job submitted: d02xrzvd8drg008jmjtg. Waiting for results... 
Job d02xrzvd8drg008jmjtg finished with status: DONE 
Processing results... 
Processing counts using 127-bit mask... 
Processed 4096 unique 127-bit outcomes. 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 2 --- 
Ideal circuit created (Depth=255, Size=633). 
Transpiling (level 2)... 
Transpiled in 3.43s (Depth=1076, Size=3832). 
Session opened: d02xs5ckzhn0008e11n0 
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... 
Transpiled in 4.52s (Depth=11717, Size=45238). 
Session opened: d02xxvznhqag008vgk10 
Sampler initialized. 
Submitting job... 
Output is truncated. View as a scrollable element or open in a text editor. Adjust cell output settings... 
c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py:857: UserWarning: Your current pending jobs 
are estimated to consume 13.434469046411309 quantum seconds, but you only have 9 quantum seconds 
left in your monthly quota; therefore, it is likely this job will be canceled 

  warnings.warn(warning_message) 
Job submitted: d02xxx76rr3g008s583g. Waiting for results... 
Job d02xxx76rr3g008s583g finished with status: DONE 
Processing results... 
Processing counts using 127-bit mask... 
Processed 4096 unique 127-bit outcomes. 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 23 --- 
Ideal circuit created (Depth=2922, Size=5946). 
Transpiling (level 2)... 
Transpiled in 4.54s (Depth=12238, Size=47304). 
Session opened: d02xy40d8drg008jmks0 
Sampler initialized. 
Submitting job... 
ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 24 --- 
Ideal circuit created (Depth=3049, Size=6199). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
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    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'403 Client Error: Forbidden for 

url: https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"Job create exceeds open plan job 
usage limits","code":4317,"solution":"Please wait until the beginning of next month to submit more jobs 
when your quota will reset.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 

Transpiled in 4.75s (Depth=12779, Size=49378). 
Session opened: d02xy7rnhqag008vgk4g 
Sampler initialized. 
Submitting job... 
ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 25 --- 
Ideal circuit created (Depth=3176, Size=6452). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
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        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'403 Client Error: Forbidden for 

url: https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"Job create exceeds open plan job 
usage limits","code":4317,"solution":"Please wait until the beginning of next month to submit more jobs 
when your quota will reset.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 

Transpiled in 4.81s (Depth=13331, Size=51454). 
Session opened: d02xyb1qnmvg008293eg 
Sampler initialized. 
Submitting job... 
ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 26 --- 
Ideal circuit created (Depth=3303, Size=6705). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
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qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'403 Client Error: Forbidden for 
url: https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"Job create exceeds open plan job 
usage limits","code":4317,"solution":"Please wait until the beginning of next month to submit more jobs 
when your quota will reset.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 

Transpiled in 4.60s (Depth=13830, Size=53516). 
Session opened: d02xye9kzhn0008e131g 
Sampler initialized. 
Submitting job... 
qiskit_runtime_service.check_pending_jobs:WARNING:2025-04-21 14:01:34,528: The pending jobs limit has 

been reached. Waiting for job <RuntimeJobV2('d02xy5gd8drg008jmkt0', 'sampler')> to finish before 
submitting the next one. 

ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 27 --- 
Ideal circuit created (Depth=3430, Size=6958). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'409 Client Error: Conflict for url: 

https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"You have reached the limit of 3 
pending  jobs. Please wait for a job to complete or cancel one before submitting anything 
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new.","code":3458,"solution":"Wait until some previous jobs were finished. You can cancel pending jobs 
to run new jobs.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 

Transpiled in 4.95s (Depth=14360, Size=55588). 
Session opened: d02y0x36rr3g008s58jg 
Sampler initialized. 
Submitting job... 
qiskit_runtime_service.check_pending_jobs:WARNING:2025-04-21 14:06:49,656: The pending jobs limit has 

been reached. Waiting for job <RuntimeJobV2('d02xy5gd8drg008jmkt0', 'sampler')> to finish before 
submitting the next one. 

ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 28 --- 
Ideal circuit created (Depth=3557, Size=7211). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'409 Client Error: Conflict for url: 

https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"You have reached the limit of 3 
pending  jobs. Please wait for a job to complete or cancel one before submitting anything 
new.","code":3458,"solution":"Wait until some previous jobs were finished. You can cancel pending jobs 
to run new jobs.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 
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Transpiled in 4.63s (Depth=14901, Size=57662). 
Session opened: d02y3bxqnmvg008293x0 
Sampler initialized. 
Submitting job... 
qiskit_runtime_service.check_pending_jobs:WARNING:2025-04-21 14:12:03,653: The pending jobs limit has 

been reached. Waiting for job <RuntimeJobV2('d02xy5gd8drg008jmkt0', 'sampler')> to finish before 
submitting the next one. 

ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 29 --- 
Ideal circuit created (Depth=3684, Size=7464). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'409 Client Error: Conflict for url: 

https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"You have reached the limit of 3 
pending  jobs. Please wait for a job to complete or cancel one before submitting anything 
new.","code":3458,"solution":"Wait until some previous jobs were finished. You can cancel pending jobs 
to run new jobs.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 

Transpiled in 6.00s (Depth=15432, Size=59732). 
Session opened: d02y5tqrxz8g008fxwz0 
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Sampler initialized. 
Submitting job... 
qiskit_runtime_service.check_pending_jobs:WARNING:2025-04-21 14:17:18,650: The pending jobs limit has 

been reached. Waiting for job <RuntimeJobV2('d02xy5gd8drg008jmkt0', 'sampler')> to finish before 
submitting the next one. 

ERROR during job execution: 
Intermediate results saved to stress_test_shallow_depth_results.json 
 
--- Processing Depth: 30 --- 
Ideal circuit created (Depth=3811, Size=7717). 
Transpiling (level 2)... 
Traceback (most recent call last): 
  File "C:\Users\JKDM\AppData\Local\Temp\ipykernel_11708\3629621334.py", line 91, in <module> 
    job = sampler.run([isa_circuit], shots=NUM_SHOTS) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\sampler.py", line 

110, in run 
    return self._run(coerced_pubs)  # type: ignore[arg-type] 
           ~~~~~~~~~^^^^^^^^^^^^^^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\base_primitive.py", line 166, in _run 
    return self._mode._run( 
           ~~~~~~~~~~~~~~~^ 
        program_id=self._program_id(), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ...<3 lines>... 
        result_decoder=DEFAULT_DECODERS.get(self._program_id()), 
        ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
    ) 
    ^ 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

41, in _wrapper 
    return func(self, *args, **kwargs) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-packages\qiskit_ibm_runtime\session.py", line 

169, in _run 
    job = self._service._run( 
        program_id=program_id,  # type: ignore[arg-type] 
    ...<5 lines>... 
        result_decoder=result_decoder, 
    ) 
  File "c:\Users\JKDM\miniconda3\envs\cwq\Lib\site-

packages\qiskit_ibm_runtime\qiskit_runtime_service.py", line 862, in _run 
    raise IBMRuntimeError(f"Failed to run program: {ex}") from None 
qiskit_ibm_runtime.exceptions.IBMRuntimeError: 'Failed to run program: \'409 Client Error: Conflict for url: 

https://api.quantum.ibm.com/runtime/jobs. {"errors":[{"message":"You have reached the limit of 3 
pending  jobs. Please wait for a job to complete or cancel one before submitting anything 
new.","code":3458,"solution":"Wait until some previous jobs were finished. You can cancel pending jobs 
to run new jobs.","more_info":"https://docs.quantum-computing.ibm.com/errors"}]}\'' 

Transpiled in 5.70s (Depth=15984, Size=61808). 
Session opened: d02y8916rr3g008s5950 
Sampler initialized. 
Submitting job... 
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qiskit_runtime_service.check_pending_jobs:WARNING:2025-04-21 14:22:32,739: The pending jobs limit has 
been reached. Waiting for job <RuntimeJobV2('d02xy5gd8drg008jmkt0', 'sampler')> to finish before 
submitting the next one. 
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