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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 27
Number of Shots:  57 (SCREENS: 56; Filmable: 1)

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Data Preparation	Comment by Paromita  Sarbadhikary: Dear Author,
Please carefully review the entire script and the corresponding  SCREEN shots to ensure that they accurately reflect your manuscript and that the intended meaning has been preserved throughout. Kindly provide any necessary corrections or clarifications.
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, open the spreadsheet software [1]. Create a new worksheet and import the housing dataset [2].
2.1.1. WIDE: Talent seated at the computer and opening the spreadsheet software. 
2.1.2. SCREEN: New worksheet being created and the housing dataset being imported.
Authors: Please create screen-capture videos of the shots labeled "SCREEN" and upload them to your project page: https://review.jove.com/account/file-uploader?src=21753258

2.2. Then, select Data, followed by Filter [1], and apply the following filter settings LOCALITY as New York County, SUBLOCALITY as New York, and TYPE as House for sale [2]. Retain only the numerical columns PROPERTYSQFT (property square feet), BEDS, BATH, and PRICE [3]. Authors: Please confirm whether PROPERTYSQFT should be pronounced as “property square feet” in the narration.
2.2.1. SCREEN: Data and Filter being selected.
2.2.2. SCREEN: New York County being selected under LOCALITY, New York under SUBLOCALITY, and House for sale under TYPE.
2.2.3. SCREEN: PROPERTYSQFT, BEDS, BATH, and PRICE columns being retained in the filtered dataset.

2.3. Next, copy the filtered dataset into a new worksheet labeled Filtered Data [1]. Identify the minimum and maximum values for each numerical column [2]. Then, create four additional columns labeled PROPERTYSQFT_norm (property square footage underscore norm), BEDS_norm (Beds underscore norm), BATH_norm (Bath underscore norm), and PRICE_norm (Price underscore norm) [3].
2.3.1. SCREEN: Filtered data being copied into a new worksheet labeled Filtered Data
2.3.2. SCREEN: Minimum and maximum values being identified for each numerical column.
2.3.3. SCREEN: Additional columns labeled PROPERTYSQFT_norm, BEDS_norm, BATH_norm, and PRICE_norm being created.

2.4. Enter the normalization formula in the first row of each normalized column, using absolute references for the minimum and maximum values [1-TXT]. Copy the normalization formula down through all populated rows [2]. 
Authors: Please cross-check the normalization steps and confirm that the formula and sequence are correct.
2.4.1. SCREEN: The formula being entered into the first row of each normalized column using absolute references for the minimum and maximum cells. TXT: 
2.4.2. SCREEN: The normalization formula being copied down through all populated rows.

2.5. Verify that all normalized values fall between zero and one [1], then save the completed worksheet [2].
2.5.1. SCREEN: The normalized columns being reviewed to confirm that all values range from zero to one.
2.5.2. SCREEN: The completed worksheet being saved.

3. Quantum Fourier Transform Circuit (QFT) Construction
Demonstrator: Click here to enter name of demonstrator(s) 


3.1. Open a web browser and navigate to the graphical quantum simulator [1]. Create a new quantum circuit [2], then select a four-qubit quantum register [3]. 
Authors: Please specify the graphical quantum simulator used 
Authors: Please provide the exact interface options for creating a new circuit and selecting a four-qubit register.
3.1.1. SCREEN: The graphical quantum simulator being opened in a web browser.
3.1.2. SCREEN: A new quantum circuit being created.
3.1.3. SCREEN: A four-qubit quantum register being selected.

3.2. Place a Hadamard (HAD-uh-mar) gate on qubit (Q-bit) q[3] (Q-three) [1]. Add controlled-phase gates between q[3] as the target and all lower index qubits as the controls [2]. 
Authors: Please confirm how you would like q to be pronounced in the narration—for example, “qubit-three” or “q-three.”
Please confirm that q[0], q[1], and q[2] are the control qubits for the controlled-phase gates 
Authors: Please specify the order in which these gates should be added.
3.2.1. SCREEN: A Hadamard gate being placed on q[3].
3.2.2. SCREEN: Controlled-phase gates being added between q[3] and each lower-index qubit.

3.3. Assign the appropriate rotation angle to each controlled-phase gate according to the standard Quantum Fourier transform or QFT (Q-F-T) sequence [1-TXT]. 
Authors: Please confirm which control–target qubit pair corresponds to each rotation angle, and if that is important to be shown in the video.
3.3.1. SCREEN: Rotation-angle values being entered for the corresponding controlled-phase gates. TXT: Rotation angles: π/2, π/4, and π/8

3.4. Repeat the QFT structure by placing a Hadamard gate on q[2] (Q-two) and adding controlled-phase gates from the lower-index qubits [1]. 
Authors: Please specify the corresponding rotation angles used in these repeated QFT stages.
3.4.1. SCREEN: A Hadamard gate and the required controlled-phase gates being added to q[2].

3.5. Next, place a Hadamard gate on q[1] (Q-one) and add a controlled-phase gate to q[0] (Q-zero) [1]. Complete the QFT gate sequence by placing a Hadamard gate on q[0] [2]. 
Authors: Please specify the corresponding rotation angles used in these repeated QFT stages.
3.5.1. SCREEN: A Hadamard gate being placed on q[1], followed by a controlled-phase gate to q[0].
3.5.2. SCREEN: A Hadamard gate being placed on q[0].

3.6. As in the QFT circuit, insert a SWAP gate between q[0] and q[3] [1], followed by another SWAP gate between q[1] and q[2] [2]. Finally, add a barrier across all qubits to visually separate the encoding and QFT sections [3]. 
Authors: Please confirm how you would like SWAP to be pronounced.
3.6.1. SCREEN: A SWAP gate being inserted between q[0] and q[3].
3.6.2. SCREEN: A second SWAP gate being inserted between q[1] and q[2].
3.6.3. SCREEN: A barrier being inserted across all qubits between the encoding and QFT sections.

4. Angle Encoding and Circuit Verification
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Place an Ry (R-y) gate on q[0] [1] and observe the probability of computational basis state 0000 increase from 6.25% to approximately 12.5% in the probability panel [2]. Authors: Please specify the full form of Ry and confirm how you would like Ry to be pronounced.
4.1.1. SCREEN: An Ry gate being placed on q[0].
4.1.2. SCREEN: The probability panel showing the increase for state 0000.

4.2. Then place Ry, gates sequentially on q[1], q[2], and q[3] [1]. After each addition, verify that the probability of state 0000 increases to approximately 25%, 50%, and 100% [2].
Authors: Please confirm whether representative screen captures may be used to demonstrate the sequential Ry gate additions and corresponding probability changes.
4.2.1. SCREEN: Representative view of an Ry gate being placed on one qubit, followed by the completed circuit showing Ry gates on q[1], q[2], and q[3].
4.2.2. SCREEN: The representative probability panel displaying the increase in state 0000 after each gate addition.

4.3. Modify the Ry rotation angle of q[0] to the specified value [1-TXT], then confirm that the probability of state 0000 decreases to approximately 50% [2]. 
4.3.1. SCREEN: The Ry rotation angle on q[0] being modified. TXT: 
4.3.2. SCREEN: The probability panel displaying approximately 50% for state 0000.

4.4. Next, set the Ry rotation angles of q[1], q[2], and q[3] to zero sequentially [1] and verify that the probability of state 0000 decreases to approximately 25%, 12.5%, and 6.25% [2].
Authors: Please confirm whether representative screen captures may be used to show the sequential angle changes and corresponding probability reductions.
4.4.1. SCREEN: Representative view of one Ry rotation angle being set to zero, followed by the completed circuit with the angles on q[1], q[2], and q[3] set to zero.
4.4.2. SCREEN: The representative probability of state 0000 decreasing after each angle modification.

5. Application of Normalized Dataset Values
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Create two new worksheet columns labeled QFT Feature and QFT Feature and Output [1].
5.1.1. SCREEN: Two new columns being created and labeled QFT: Feature and QFT: Feature and Output. 
 
5.2. Set the Ry rotation angle of q[0] using the corresponding normalized PROPERTYSQFT value [1-TXT]. Then set the Ry rotation angle on q[1] using the corresponding normalized BEDS value [2-TXT].
5.2.1. SCREEN: The normalized PROPERTYSQFT value being entered as the Ry rotation angle for q[0]. TXT: 
5.2.2. SCREEN: The normalized BEDS value being entered as the Ry rotation angle for q[1]. TXT: 

5.3. Apply Ry rotation angle of q[2] using the normalized BATH [1-TXT]. For the PRICE variable, modify the Ry rotation angle of q[3] to zero [2].
5.3.1. SCREEN: The rotation angle derived from the normalized BATH value being entered for the Ry gate on q[2]. TXT: 
5.3.2. SCREEN: A rotation angle of zero being assigned to the Ry gate on q[3] for the PRICE variable.

5.4. Record the probability value of computational basis state 0000 in the QFT Feature worksheet column, entering 31.813 as the representative value [1]. Authors: Please confirm whether 31.813 is displayed by the simulator or calculated and verify that this step is correct.
5.4.1. SCREEN: The probability of state 0000 being recorded in the “QFT: Feature” worksheet column.
5.4.2. SCREEN: The probability value being recorded in the worksheet. TXT: See the text protocol for details

5.5. Set the Ry rotation angle on q[3] using the corresponding normalized PRICE value [1-TXT]. Then, record the probability of computational basis state 0000 as 35.949 in the worksheet column labeled QFT Feature and output [2]. Repeat the procedure for all remaining rows in the dataset [3-TXT].
Authors: Please confirm whether 35.949 is displayed by the simulator or calculated and verify that this step is correct.
5.5.1. SCREEN: The normalized PRICE value being used to set the Ry rotation angle on q[3]. TXT: 
5.5.2. SCREEN: The probability for state 0000 being recorded as 35.949 in the “QFT: Feature and output” column.
5.5.3. SCREEN: The completed “QFT: Feature” and “QFT: Feature and output” columns are being displayed. TXT: See the text protocol for details

6. Quantum Fourier Transform (QFT) Feature Relationship Plots
Demonstrator: Click here to enter name of demonstrator(s) 

6.1. In the worksheet, select the QFT Feature and QFT Feature and output columns [1]. Then select Insert, followed by Chart, and then Scatter Plot to generate a scatter plot. 
6.1.1. SCREEN: The “QFT: Feature” and “QFT: Feature and output” columns being selected in the worksheet.
6.1.2. SCREEN: Insert, Chart, and Scatter Plot being selected from the spreadsheet menu to generate scatter plot.

6.2. Assign the QFT Feature values to the X-axis and the QFT Feature and output values to the Y-axis [1]. Add a linear trendline to the scatter plot, displaying its equation on the chart [2].
6.2.1. SCREEN: “QFT: Feature” and “QFT: Feature and output” being assigned to the X- and Y-axes.
6.2.2. SCREEN: A linear trendline being added to the scatter plot, with its equation displayed on the chart.

7. Estimation of Actual Output Values
Demonstrator: Click here to enter name of demonstrator(s) 
Authors: Section 6 has been retained.

7.1. Enter the paired QFT feature values into the specified equation [1-TXT], then calculate the corresponding rotation angle in radians [2-TXT].
7.1.1. SCREEN: A pair of QFT feature values being entered into the calculation worksheet. TXT:                
7.1.2. SCREEN: The rotation angle being calculated in radians using the specified equation.  TXT: 

7.2. Calculate the normalized price from the equation [1-TXT] and use the trendline relationship to determine its predicted range [2].
7.2.1. SCREEN: The normalized price being calculated. TXT: 
7.2.2. SCREEN: The predicted price range being determined from the trendline.

7.3. Convert the normalized prediction to the original dataset [1-TXT]. Determine the variation range using the trendline and the neighboring values with the maximum deviation [2], then confirm that the predicted value falls within the calculated range [3].
7.3.1. SCREEN: The normalized prediction being converted converted to the original price scale. TXT: 
7.3.2. SCREEN: The maximum neighboring deviation being used to establish the variation range.
7.3.3. SCREEN: The predicted price being compared, whether it falls within the calculated range.

8. Prediction Method Validation
Demonstrator: Click here to enter name of demonstrator(s) 
Authors: Section 7 has been condensed to present the essential prediction-validation steps. Please review and confirm that this level of detail is appropriate for the video.

8.1. Remove one paired QFT value from the worksheet dataset and regenerate the trendline using the remaining values [1]. Using a representative QFT pair, estimate the removed value from the updated trendline and verify that it falls within the predicted range [2-TXT].
8.1.1. SCREEN: One QFT pair being removed and the trendline being regenerated.
8.1.2. SCREEN: Representative QFT value being estimated and compared with its predicted range. TXT: Representative validation accuracy: 94.74%

8.2. In Python, clean, normalize, and divide the first dataset into training and test sets before evaluating prediction performance [1-TXT]. Repeat the analysis using the larger second dataset and record its training time and accuracy [2-TXT].
Authors: Please specify the Python application and any details to be displayed in the video. 
8.2.1. SCREEN: The first dataset’s Python analysis results being displayed. TXT: 260 observations; 182 training; 78 tests; 324 ms; 97.44 % accuracy
8.2.2. SCREEN: The second dataset’s Python analysis results being displayed. TXT: 3,257 observations; 2,279 training; 978 tests; 3.7 s; 98.36% accuracy


Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 114.
· Please note that the video cannot include voiceover without an accompanying visual.

9. Results 

9.1. When all normalized inputs were set to one, the QFT output was concentrated entirely in state 0000, whereas setting all inputs to zero produced an approximately equal probability across all possible basis states [1]. The house-price scatter plot showed a fitted relationship between the input-features and price-inclusive QFT results, enabling output prediction [2].
9.1.1. LAB MEDIA: Figure 7-8. Video editor: Display Figures 7 and 8 side by side. Highlight the single highest blue bar at 0000 in Figure 7, followed by all the evenly sized blue bars in Figure 8.
9.1.2. LAB MEDIA: Figure 9. Video editor: Highlight the equation.

9.2. Class-specific QFT relationships were observed for heart disease [1], card transaction [2], and loan approval datasets, demonstrating the method’s application across multiple classification tasks [3].
9.2.1. LAB MEDIA: Figure 10-11. Video editor: Display both figures side by side. First, highlight the HeartDisease = 0 plot, followed by the HeartDisease = 1 plot.
9.2.2. LAB MEDIA: Figure 12-13. Video editor: Display both figures side by side. First, highlight the fraud = 0 plot, followed by the fraud = 1 plot.
9.2.3. LAB MEDIA: Figure 14-15. Video editor: Display both figures side by side. First, highlight the Loan_Status = N plot, followed by the Loan_Status = Y plot.

9.3. Using 1,024 shots, quantum-hardware output differed most from the simulator when all qubit inputs were set to one [1] but showed close alignment when the inputs were set to 0.5 or zero [2].
9.3.1. LAB MEDIA: Table 7. Video editor: For input value 1 (Column A), highlight 100% in Column B and 32.52%, 76.95%, and 65.33% in Columns D, F, and H. 
9.3.2. LAB MEDIA: Table 7. Video editor: For input value 0.5 (Column A), highlight 52.53% in Column B and 59.47%, 53.22%, and 54.10% in Columns D, F, and H. Followed by for input value 0 (Column A), highlight 4.98% in Column B and 4.10%, 6.54%, and 9.77% in Columns D, F, and H.
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