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% Spring 2024 
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%----------------------------------------------------------- 

clear all; 

Section 1: CPI Data Importing 

% Reads in CPI Data from an Excel Sheet 

    CPI = readmatrix("CPI_Datasheet.xlsx","Range","Q2:Q1329"); 
 

% There are 1328 data entries (monthly, from Jan 1913 to Aug 2023) 

% t is just the plotting window, does not affect calculations 
 

% Good data (3 decimal precision) begins at index 1129; everything prior is 

% single digit decimal precision 
 

winstart = 1129; 

winend = 1328; 

t = winstart:winend; 
 

% Plot to demonstrate CPI data 

    figure(1) 

    plot(t,CPI(t)); 

    title("Consumer Price Index (CPI)") 

    ylabel("CPI") 

    xlabel("t") 

Section 2: Trigonometric Interpolant,  

% Use the function in Section 6 to calculate the interpolant 

[CPI_interp, Y] = trig_interp(CPI(t),t(1)); 
 

% Grid Plotting 

    h = 0.1; 

    plotgrid = winstart:h:winend; 



 
 

    perc = round(0.1*length(plotgrid)); 

    m = plotgrid(perc:end-perc); 
 

    plot(m,CPI_interp(m)) 

    hold on 

    plot(t,CPI(t),'.') 

    hold off 

    axis([m(1) m(end) 200 300]) 

    title("f(x) and (x_k,y_k)") 

    xlabel("t") 

    ylabel("CPI") 

    % % Note: lots of error within 10% distance of endpoints 

Section 3: First Derivative,  

% Use the Y values from Section 2 and function from 

% Section 6 to calculate f'(x) 

CPI_deriv = trig_deriv(Y,t(1)); 

    plot(m, CPI_deriv(m)) 

    title("f'(x)") 

    xlabel("t") 

    ylabel("f'(t)") 

Section 4: Percent-change function, P(x) 

perc_change = @(x) CPI_deriv(x)./CPI_interp(x); 
 

hold off 

plot(t(25:end-20),perc_change(t(25:end-20)),'-o') 

interv = length(t(25:end-20)); 

hold on 

plot(t(25:end-20),0.00165*ones(interv,1),'r--') 

plot(t(25:end-20),zeros(interv,1),'k--') 

hold off; 

title("Instantaneous Percent Change") 

xlabel("t") 

ylabel("Instantaneous % Change of CPI") 
 

 

Section 5: FFT of P(x) function 

K = fft(perc_change(t(25:end-20))); 

plot(0:length(K)-1,abs(K),'k--') 

axis([0 78 0 0.3]) 

xlabel("k") 



 
 

ylabel("|Y_k|") 

Secton 6: Function Definitions 

function [f, Y] = trig_interp(y,x0) 

% function f = trig_interp(y,x0) 

% INPUT: 

% y --> column vector of sample points 

% x0 --> the x position of the first point 

% OUTPUT: 

% f --> minimally-oscillating trigonometric interpolant 

% Y --> column vector of Fourier coefficients 

% 

% This function assumes that each y_(k+1) = y(t_k + 1) 

% i.e., evenly spaced points sampled at each unit of time 

    N = length(y); 

     

    Y = fft(y)/(N); 

     

    % Determine if N is odd or even, which decides whether to include the Nyquist 

Term 

    if mod(N,2) == 0 

        isodd = 0; 

        stopsum = (N/2); 

    else 

        isodd = 1; 

        stopsum = (N+1) / 2; 

    end 

     

    % First term of the interpolant is just Y(1)  

    f = @(x) real(Y(1)); 

     

    % The k'th term of the interpolant is 2(ac - bd) 

    % a = Re(Y(k)), b = Im(Y(k)), c = cos(2*pi*i*(k-1)), d = sin(2*pi*i*(k-1)) 

    for k=2:stopsum 

        a = real(Y(k)); 

        b = imag(Y(k)); 

         

        % Term multiplying x in the exponential 

        M = 2*pi*(k-1)/N; 

     

        % Building f via termwise iteration 

        f = @(x) f(x) + 2*(a*cos(M*(x-x0)) - b*sin(M*(x-x0))); 

    end 

     

    % Nyquist Term (N/2) is only present if N is even 

    if isodd == 0 

        f = @(x) f(x) + Y(stopsum + 1)*cos(pi*(x-x0)); 



 
 

    end 

end 
 

function g = trig_deriv(Y,x0) 

% function f = trig_deriv(Y,x0) 

% INPUT: 

% Y --> column vector of Fourier coefficients 

% x0 --> the x position of the first point 

% OUTPUT: 

% g --> f'(x) 

% Differentiation is done directly, modeling the format of the trig_interp 

% function 

% g = f'(x) = sum(-a*M*sin(M*x) - b*M*cos(M*x)) for 2<= k<= stopsum 

    N = length(Y); 

    % Determine if N is odd or even, which detects a Nyquist Term 

    if mod(N,2) == 0 

        stopsum = (N/2); 

    else 

        stopsum = (N+1) / 2; 

    end 

         

    % Initialize g(x) 

    g = @(x) 0; 
 

    for k=2:stopsum 

        a = real(Y(k)); 

        b = imag(Y(k)); 

         

        % Term multiplying x in the exponential 

        M = 2*pi*(k-1)/N; 

     

        % Building f via termwise iteration 

        % Shifted by x0 

        g = @(x) g(x) + -a*M*sin(M*(x-x0)) - b*M*cos(M*(x-x0)); 

    end 

    g = @(x) g(x)*2; 

end 
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