import pandas as pd
import matplotlib.pyplot as plt
from textwrap import dedent
try:
    from statsmodels.stats.contingency_tables import mcnemar
except Exception:
    mcnemar = None

PATH = r"Data collection duke elder.xlsx"

def load_data(path: str) -> pd.DataFrame:
    df = pd.read_excel(path, sheet_name='Sheet1')
    df = df[df['Question ID'].notna()].copy()
    df['c51'] = df['Correct/incorrect'].str.strip()
    df['c40'] = df['Correct/incorrect gpt4o'].str.strip()
    if 'Correct/incorrect DeepSeek' in df.columns:
        df['cds'] = df['Correct/incorrect DeepSeek'].str.strip()
    else:
        df['cds'] = pd.NA
    if 'Correct/incorrect Claude' in df.columns:
        df['ccl'] = df['Correct/incorrect Claude'].str.strip()
    else:
        df['ccl'] = pd.NA
    df['specialty'] = df['Subspecialty according RCOPHTH'].str.strip()
    df['image'] = df['Image Based'].str.strip()
    return df


def contingency(df: pd.DataFrame):
    both_correct = ((df['c51']=='Correct') & (df['c40']=='Correct')).sum()
    only_51 = ((df['c51']=='Correct') & (df['c40']!='Correct')).sum()
    only_40 = ((df['c51']!='Correct') & (df['c40']=='Correct')).sum()
    both_incorrect = ((df['c51']!='Correct') & (df['c40']!='Correct')).sum()
    return both_correct, only_51, only_40, both_incorrect


def effect_sizes(acc51: float, acc40: float):
    rd = acc51 - acc40
    rr = acc51 / acc40 if acc40 else float('inf')
    odds51 = acc51 / (1-acc51) if acc51 < 1 else float('inf')
    odds40 = acc40 / (1-acc40) if acc40 < 1 else float('inf')
    oratio = odds51 / odds40 if odds40 else float('inf')
    return rd, rr, oratio


def mcnemar_test(bc, o51, o40, bi):
    if mcnemar is None:
        return None, None
    res = mcnemar([[bc, o51],[o40, bi]], exact=False, correction=True)
    return res.statistic, res.pvalue


def summarize(df: pd.DataFrame):
    acc51 = (df['c51']=='Correct').mean()
    acc40 = (df['c40']=='Correct').mean()
    bc, o51, o40, bi = contingency(df)
    rd, rr, oratio = effect_sizes(acc51, acc40)
    stat, pval = mcnemar_test(bc, o51, o40, bi)
    return {
        'n': len(df),
        'acc51': acc51,
        'acc40': acc40,
        'rd': rd,
        'rr': rr,
        'or': oratio,
        'bc': bc,
        'o51': o51,
        'o40': o40,
        'bi': bi,
        'mcnemar_chi2': stat,
        'mcnemar_p': pval,
    }


def specialty_table(df: pd.DataFrame):
    rows = []
    for name, sub in df.groupby('specialty'):
        acc51 = (sub['c51']=='Correct').mean()
        acc40 = (sub['c40']=='Correct').mean()
        acc_ds = (sub['cds']=='Correct').fillna(False).mean() if 'cds' in sub else float('nan')
        acc_cl = (sub['ccl']=='Correct').fillna(False).mean() if 'ccl' in sub else float('nan')
        rd, rr, oratio = effect_sizes(acc51, acc40)
        bc, o51, o40, bi = contingency(sub)
        stat, pval = mcnemar_test(bc, o51, o40, bi)
        rows.append({
            'specialty': name,
            'n': len(sub),
            'acc51': acc51,
            'acc40': acc40,
            'acc_ds': acc_ds,
            'acc_cl': acc_cl,
            'rd': rd,
            'rr': rr,
            'or': oratio,
            'o51': o51,
            'o40': o40,
            'mcnemar_p': pval,
        })
    df_spec = pd.DataFrame(rows).sort_values('n', ascending=False)
    df_spec['signif'] = df_spec['mcnemar_p'].apply(lambda p: 'p<0.05' if p is not None and p < 0.05 else 'ns')
    return df_spec


def plot_overall(acc51, acc40, acc_ds, acc_cl):
    fig, ax = plt.subplots(figsize=(7,4))
    labels = ['ChatGPT 5.1', 'GPT-4o', 'DeepSeek', 'Claude']
    vals = [acc51*100, acc40*100, acc_ds*100, acc_cl*100]
    bars = ax.bar(labels, vals, color=['#2b83ba', '#fdae61', '#80b1d3', '#8dd3c7'])
    ax.set_ylabel('Accuracy (%)')
    ax.set_ylim(0, 100)
    for bar, v in zip(bars, vals):
        ax.text(bar.get_x()+bar.get_width()/2, v+1, f"{v:.1f}%", ha='center', va='bottom', fontsize=9)
    ax.set_title('Overall Accuracy')
    fig.tight_layout()
    fig.savefig('overall_accuracy.png', dpi=300)


def plot_specialty(df_spec: pd.DataFrame):
    fig, ax = plt.subplots(figsize=(10,5))
    x = range(len(df_spec))
    w = 0.18
    ax.bar([i-1.5*w for i in x], df_spec['acc51']*100, width=w, label='ChatGPT 5.1', color='#2b83ba')
    ax.bar([i-0.5*w for i in x], df_spec['acc40']*100, width=w, label='GPT-4o', color='#fdae61')
    if 'acc_ds' in df_spec:
        ax.bar([i+0.5*w for i in x], df_spec['acc_ds']*100, width=w, label='DeepSeek', color='#80b1d3')
    if 'acc_cl' in df_spec:
        ax.bar([i+1.5*w for i in x], df_spec['acc_cl']*100, width=w, label='Claude', color='#8dd3c7')
    ax.set_xticks(list(x))
    ax.set_xticklabels(df_spec['specialty'], rotation=45, ha='right')
    ax.set_ylabel('Accuracy (%)')
    ax.set_ylim(0, 110)
    ax.set_title('Accuracy by Subspecialty')
    ax.legend()
    fig.tight_layout()
    fig.savefig('subspecialty_accuracy.png', dpi=300)


def plot_discordant(df: pd.DataFrame):
    bc, o51, o40, bi = contingency(df)
    labels = ['Both correct', '5.1 only', '4o only', 'Both incorrect']
    counts = [bc, o51, o40, bi]
    fig, ax = plt.subplots(figsize=(6,4))
    bars = ax.bar(labels, counts, color=['#4daf4a', '#2b83ba', '#fdae61', '#d73027'])
    ax.set_ylabel('Count')
    ax.set_title('Paired Outcomes')
    for bar, c in zip(bars, counts):
        ax.text(bar.get_x()+bar.get_width()/2, c+0.5, str(c), ha='center', va='bottom', fontsize=9)
    fig.tight_layout()
    fig.savefig('discordant_counts.png', dpi=300)

def plot_pair_discordant(df: pd.DataFrame, a_col: str, b_col: str, a_name: str, b_name: str, filename: str):
    a = (df[a_col]=='Correct')
    b = (df[b_col]=='Correct')
    both = ((a) & (b)).sum()
    a_only = ((a) & (~b)).sum()
    b_only = ((~a) & (b)).sum()
    neither = ((~a) & (~b)).sum()
    labels = ['Both correct', f'{a_name} only', f'{b_name} only', 'Both incorrect']
    counts = [both, a_only, b_only, neither]
    colors = ['#4daf4a', '#2b83ba', '#fdae61', '#d73027']
    fig, ax = plt.subplots(figsize=(6.5,4.2))
    bars = ax.bar(labels, counts, color=colors)
    ax.set_ylabel('Count')
    ax.set_title(f'Paired Outcomes: {a_name} vs {b_name}')
    for bar, c in zip(bars, counts):
        ax.text(bar.get_x()+bar.get_width()/2, c+0.5, str(c), ha='center', va='bottom', fontsize=9)
    fig.tight_layout()
    fig.savefig(filename, dpi=300)

def plot_discordant_pairs(df: pd.DataFrame):
    pairs = [
        ('ChatGPT 5.1', 'GPT-4o', 'c51', 'c40'),
        ('ChatGPT 5.1', 'DeepSeek', 'c51', 'cds'),
        ('ChatGPT 5.1', 'Claude', 'c51', 'ccl'),
        ('GPT-4o', 'DeepSeek', 'c40', 'cds'),
        ('GPT-4o', 'Claude', 'c40', 'ccl'),
        ('DeepSeek', 'Claude', 'cds', 'ccl'),
    ]
    names = []
    a_only_vals = []
    b_only_vals = []
    for a_name, b_name, a_col, b_col in pairs:
        a = (df[a_col]=='Correct')
        b = (df[b_col]=='Correct')
        a_only = ((a) & (~b)).sum()
        b_only = ((~a) & (b)).sum()
        names.append(f"{a_name} vs {b_name}")
        a_only_vals.append(a_only)
        b_only_vals.append(b_only)
    x = range(len(names))
    w = 0.35
    fig, ax = plt.subplots(figsize=(8,4))
    ax.bar([i-w/2 for i in x], a_only_vals, width=w, label='Model A only correct', color='#2b83ba')
    ax.bar([i+w/2 for i in x], b_only_vals, width=w, label='Model B only correct', color='#fdae61')
    ax.set_xticks(list(x))
    ax.set_xticklabels(names, rotation=20, ha='right')
    ax.set_ylabel('Discordant count')
    ax.set_title('Pairwise Discordant Outcomes')
    for xi, a_val, b_val in zip(x, a_only_vals, b_only_vals):
        ax.text(xi-w/2, a_val+0.5, str(a_val), ha='center', va='bottom', fontsize=8)
        ax.text(xi+w/2, b_val+0.5, str(b_val), ha='center', va='bottom', fontsize=8)
    ax.legend()
    fig.tight_layout()
    fig.savefig('discordant_pairs.png', dpi=300)

def plot_four_way_outcomes(df: pd.DataFrame):
    c51 = df['c51'] == 'Correct'
    c40 = df['c40'] == 'Correct'
    cds = df['cds'] == 'Correct'
    ccl = df['ccl'] == 'Correct'

    labels = []
    counts = []
    # categories: all 4, exactly one (4 entries), exactly two (6 entries), exactly three (4 entries), none
    all_four = (c51 & c40 & cds & ccl).sum()
    labels.append('All 4 correct'); counts.append(all_four)

    only_51 = (c51 & ~c40 & ~cds & ~ccl).sum()
    only_40 = (~c51 & c40 & ~cds & ~ccl).sum()
    only_ds = (~c51 & ~c40 & cds & ~ccl).sum()
    only_cl = (~c51 & ~c40 & ~cds & ccl).sum()
    labels += ['Only 5.1','Only 4o','Only DeepSeek','Only Claude']
    counts += [only_51, only_40, only_ds, only_cl]

    pair_51_40 = (c51 & c40 & ~cds & ~ccl).sum()
    pair_51_ds = (c51 & ~c40 & cds & ~ccl).sum()
    pair_51_cl = (c51 & ~c40 & ~cds & ccl).sum()
    pair_40_ds = (~c51 & c40 & cds & ~ccl).sum()
    pair_40_cl = (~c51 & c40 & ~cds & ccl).sum()
    pair_ds_cl = (~c51 & ~c40 & cds & ccl).sum()
    labels += ['5.1 & 4o','5.1 & DeepSeek','5.1 & Claude','4o & DeepSeek','4o & Claude','DeepSeek & Claude']
    counts += [pair_51_40, pair_51_ds, pair_51_cl, pair_40_ds, pair_40_cl, pair_ds_cl]

    three_51_40_ds = (c51 & c40 & cds & ~ccl).sum()
    three_51_40_cl = (c51 & c40 & ~cds & ccl).sum()
    three_51_ds_cl = (c51 & ~c40 & cds & ccl).sum()
    three_40_ds_cl = (~c51 & c40 & cds & ccl).sum()
    labels += ['5.1&4o&DeepSeek','5.1&4o&Claude','5.1&DeepSeek&Claude','4o&DeepSeek&Claude']
    counts += [three_51_40_ds, three_51_40_cl, three_51_ds_cl, three_40_ds_cl]

    none = (~c51 & ~c40 & ~cds & ~ccl).sum()
    labels.append('All incorrect'); counts.append(none)

    colors = ['#4daf4a','#2b83ba','#fdae61','#80b1d3','#8dd3c7',
              '#a6cee3','#b2df8a','#fb9a99','#cab2d6','#ffffb3','#1f78b4','#e31a1c','#33a02c','#ff7f00','#6a3d9a','#b15928']
    fig, ax = plt.subplots(figsize=(12,6))
    x = range(len(labels))
    bars = ax.bar(x, counts, color=colors[:len(labels)])
    ax.set_ylabel('Count')
    ax.set_title('Four-Model Outcomes')
    ax.set_xticks(list(x))
    ax.set_xticklabels(labels, rotation=45, ha='right')
    for bar, c in zip(bars, counts):
        ax.text(bar.get_x()+bar.get_width()/2, c+0.5, str(c), ha='center', va='bottom', fontsize=7)
    fig.tight_layout()
    fig.savefig('four_way_outcomes.png', dpi=300)


def main():
    df = load_data(PATH)
    overall = summarize(df)
    acc_ds = (df['cds']=='Correct').fillna(False).mean()
    acc_cl = (df['ccl']=='Correct').fillna(False).mean()
    spec_df = specialty_table(df)

    print('Overall:')
    print(dedent(f"""
        n = {overall['n']}
        Accuracy 5.1 = {overall['acc51']*100:.2f}%
        Accuracy 4o = {overall['acc40']*100:.2f}%
        Accuracy DeepSeek = {acc_ds*100:.2f}%
        Accuracy Claude = {acc_cl*100:.2f}%
        Risk difference = {overall['rd']*100:.2f} pts
        Risk ratio = {overall['rr']:.3f}
        Odds ratio = {overall['or']:.3f}
        McNemar: chi2 = {overall['mcnemar_chi2']:.3f}, p = {overall['mcnemar_p']:.3e}
    """))

    print('\nSubspecialty table:')
    print(spec_df[['specialty','n','acc51','acc40','acc_ds','acc_cl','rd','rr','or','o51','o40','mcnemar_p','signif']].to_string(index=False, formatters={
        'acc51': lambda x: f"{x*100:.1f}%",
        'acc40': lambda x: f"{x*100:.1f}%",
        'acc_ds': lambda x: f"{x*100:.1f}%",
        'acc_cl': lambda x: f"{x*100:.1f}%",
        'rd': lambda x: f"{x*100:.1f} pts",
        'rr': lambda x: f"{x:.3f}",
        'or': lambda x: f"{x:.3f}",
        'mcnemar_p': lambda x: f"{x:.3e}" if x is not None else 'NA'
    }))

    # Figures
    plot_overall(overall['acc51'], overall['acc40'], acc_ds, acc_cl)
    plot_specialty(spec_df)
    plot_discordant(df)
    plot_discordant_pairs(df)
    # Pairwise paired-outcome plots
    plot_pair_discordant(df, 'c51', 'c40', '5.1', '4o', 'paired_5.1_vs_4o.png')
    plot_pair_discordant(df, 'c51', 'cds', '5.1', 'DeepSeek', 'paired_5.1_vs_deepseek.png')
    plot_pair_discordant(df, 'c40', 'cds', '4o', 'DeepSeek', 'paired_4o_vs_deepseek.png')
    plot_pair_discordant(df, 'c51', 'ccl', '5.1', 'Claude', 'paired_5.1_vs_claude.png')
    plot_pair_discordant(df, 'c40', 'ccl', '4o', 'Claude', 'paired_4o_vs_claude.png')
    plot_pair_discordant(df, 'cds', 'ccl', 'DeepSeek', 'Claude', 'paired_deepseek_vs_claude.png')
    plot_four_way_outcomes(df)
    print('\nFigures saved: overall_accuracy.png, subspecialty_accuracy.png, discordant_counts.png, discordant_pairs.png, paired_5.1_vs_4o.png, paired_5.1_vs_deepseek.png, paired_4o_vs_deepseek.png, paired_5.1_vs_claude.png, paired_4o_vs_claude.png, paired_deepseek_vs_claude.png, four_way_outcomes.png')

if __name__ == '__main__':
    main()
