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using System;

namespace AtomicGroundStateEnergiesGaussian
{
    class Integration
    {
        // Multidimensional Simpson's Rule
        public double Integrate(
            double[] lower, double[] upper, double[] alpha,
            Func<double[], double[], double> f, int n, int[] steps)
        {
            double p = 1;
            double[] h = new double[n];
            double[] h2 = new double[n];
            double[] s = new double[n];
            double[] t = new double[n];
            double[] x = new double[n];
            double[] w = new double[n];

            for (int i = 0; i < n; i++)
            {
                h[i] = (upper[i] - lower[i]) / steps[i];
                h2[i] = 2.0 * h[i];
            }

            for (int i = 0; i < n; i++)
            {
                for (int j = 0; j < n; j++)
                    x[j] = lower[j];

                x[i] = lower[i] + h[i];

                for (int j = 1; j < steps[i]; j += 2)
                {
                    s[i] += f(x, alpha);
                    x[i] += h2[i];
                }

                for (int j = 0; j < n; j++)
                    x[j] = lower[j];

                x[i] = lower[i] + h2[i];

                for (int j = 2; j < steps[i]; j += 2)
                {
                    t[i] += f(x, alpha);
                    x[i] += h2[i];
                }

                w[i] = h[i] * (f(lower, alpha) + 4 * s[i] + 
                    2 * t[i] + f(upper, alpha)) / 3.0;
            }
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            for (int i = 0; i < n; i++)
                p *= w[i];

            return p;
        }
    }
}


