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Readme  
 
The zip folder 20040634_progs.zip includes the program files necessary for replication 
of the simulation results in figures 1, 2, and 3 and to generate Table 1.   
 
The programs are written in MATLAB code and were run using MATLAB 7.1.  
 
Included in the zip folder are the matlab (.m) programs  
 
gen_fig1_AER.m  
gen_fig2_3_AER.m  
gen_figA1_AER.m  
gen_table.m 
sub_cap.m 
sub_durable.m 
sub_non.m 
sub_durable_tab.m 
 
as well as the several other .m files used in the replication.   
 
The programs use a solution / reduction routine called AIM.  The subroutines required for 
the AIM program are all contained in the zip folder.  To run the programs one should 
copy all of the programs to a single working directory.   
 
To generate figure 1, open MATLAB and type “gen_fig1_AER” (don’t include the “.m” 
extension).  To generate figures 2 and 3, open MATLAB and type “gen_fig2_3_AER” .  
The program gen_table.m generates the data in the table.  Modifications to the program 
(lines 44-49) are required for the different shock durations in the table.  Finally, the 
program gen_figA1_AER.m generates the figure in the online appendix.   
 
 
 







AIM/acf.m
function u1cor = acf(amat,bmat,shockvar,yvar,dypos);
 kmax = 20; %maxc(that)+1;
 a=amat;
 omega=yvar;
 sigma=bmat*shockvar*bmat';
 % Set up indicator vectors: 
 e1= zeros(length(a),1); e2=e1; e3=e2;
 e1(dypos)=1;
 % Compute coefficients for k step ahead prediction: 
 ee=eye(length(a));
 ak=a;
 ak0=ee;
 aksum=0;
 ak0sum=0;
 by=zeros(kmax,length(a));
 dyerr=zeros(kmax,length(a));
 yyerr=by(:,1); 
 yyerrk=0; 
 i = 1;
 % Start do loop over future periods: 
 while i <= kmax;
  dyerrk=e1'*ak0;
  yyerrk=yyerrk+dyerrk*sigma*dyerrk';
  byk= e1'*(ak-ee);
  by(i,:)=byk;      % Store results for conditional coef vectors 
  dyerr(i,:)=dyerrk;
  yyerr(i)=yyerrk;  % Store results for error variances and covariances
  i = i+1;
  ak=ak*a;
  ak0=ak0*a;
 end;

 % Compute variance of growth rate variables: 
 dyvar=by(1,:)*omega*by(1,:)'+dyerr(1,:)*sigma*dyerr(1,:)';
 % Compute autocovariance at lag 1: 
 dy1cov=by(1,:)*a*omega*by(1,:)'+by(1,:)*sigma*dyerr(1,:)';
 dy2cov=by(1,:)*a*omega*by(1,:)';
 % Compute autocorrelations at lag 1: 
 dy1cor=dy1cov/dyvar;
 dy2cor=dy2cov/dyvar;
 % Stack results: 
 u1cor=[dy1cor;dy2cor];





AIM/aim2.m


% rc adds in effort stuff here july 14, 1999
%********************************************************************
%*** Written by Simon Gilchrist. Dec 15  1996. **********************
%*** Last modified July 1997                                         
%********************************************************************
%********************************************************************
%     Program to solve and simulate log-linear RBC model             
%********************************************************************
clear all;

% 7/13/99  calculate various measures of Solow Residuals
svec = [0.65 1 1.9 2.2];


%#include e:\willis\rclbd\aimprc.prg;   % Call AIM subroutines (procedures) 
%library pgraph;             % Load graphics files 
%
plotflag=0; % Set to one if you want to see plots 
%plotflag=1; % Set to one if you want to see plots 
%               % Hit escape to get out of a plot 
%
% Model Parameters                                                       
  alpha = 0.35;     % Cobb-Douglas Share of Capital                      
  omega = 0.65;     % Cobb-Douglas Share of Labor                        
  beta = 0.99;      % Discount factor                                    
  kdelta = 0.025;   % Capital dep.                                       
  arho = 0.95;      % Persistence of aggregate technology shock 0<=rho<=1
  asigma = 0.01;    % Std.err of tech. shocks 

  grho = 0.95;      % Persistence of govt. spending shock 
  gsigma = 0;       % Std. err of govt. spending shocks 

  v = 3.65;         % Coef on utility: u=ln(c)+v(1-L)                    
                    % (Hansen/Rogerson preferences)                      

% Compute nonstochastic steady state:                                    

  a=1;                               % Steady state value of technology  
  q = 1;                             % Price of capital goods            
%  q = 5;                             % Price of capital goods            
  rr = q/beta;                       % Rate of return: q(1-delta)+mpk    
  yk = (1/alpha)*(rr-q*(1-kdelta));  % output/capital ratio              
  ik = kdelta;                       % invest/capital ratio              
  ck = yk-ik;                        % consumption of workers            
  h = (omega/v)*(yk/ck);             % labor hours                       
  k = (a*(h^omega)/yk)^(1/(1-alpha));% capital                           

  c=ck*k;            % Steady state level of consumption                 
  y=yk*k;            % Steady state level of income                      
  i=ik*k;            % Steady state level of investment                  

  % comment: model allows for govt. spending that is zero on average and 
  % therefore does not affect steady state 

%******************************************************************
%*************** End steady state computations ********************
%******************************************************************

%******************************************************************
%**** Begin setup for constructing log-linear system coef matrix **
%******************************************************************

  nlead = 1;  % Number of leads in system 
  nlag = 1;   % Number of lags in system 

% Coefficient indicators: 
% (note xnames is not used for anything right now except to 
% determine number of equations "neq" 

  xnames = {'c' 'y' 'h' 'i' 'k' 'r' 'dc' 'dy' 'di' 'dk' 'dh' 'apl' 'st' 's1' 's2' 's3' 's4' 'a' 'g' 'aa' 'ag'};
  xnum = length(xnames); % Number of variables in system 
  neq = xnum;
% Ordering of contemporaneous variables: 
% These will be used to construct position indicators 
% for leads and lags when constructing coefficient matrix 
%                                                         
% Note: All shock variables must be placed last in the system for 
% impulse response and simulation programs to work properly 

  cpos  = 1;        % consumption 
  ypos  = 2;        % output 
  hpos  = 3;        % hours 
  ipos  = 4;        % investment 
  kpos  = 5;        % capital 
  rpos  = 6;        % interest rate 
  dcpos = 7;        % consumption growth
  dypos = 8;        % output growth 
  dipos = 9;        % investment growth
  dkpos = 10;        % capital growth 
  dhpos = 11;        % hours growth 
  aplpos= 12;        % average product of labor
  stpos = 13;        % Solow residual
  s1pos = 14;        % Solow residual
  s2pos = 15;        % Solow residual
  s3pos = 16;        % Solow residual
  s4pos = 17;        % Solow residual
  apos  = 18;        % technology series 
  gpos  = 19;        % govt. spending series 
  aapos = 20;        % technology shock (placed last)
  agpos = 21;        % govt. spending shock 

  shockvec=[aapos;agpos]; % Identify position of shock variables 
  shockvar=diag([asigma^2 gsigma^2]); % Var/Covar matrix for shocks 

% Indicators for contemporanous coefs for each variable: 

  colzero = 0+nlag*xnum;  % Position counter for start of contemp. coefs 
  collead = 0+nlag*xnum+xnum; % Position counter for start of lead coefs 
  collag = 0;                 % Position counter for start of lag coefs  

  czero = colzero+cpos;
  yzero = colzero+ypos;
  hzero = colzero+hpos;
  izero = colzero+ipos;
  kzero = colzero+kpos;
  rzero = colzero+rpos;
  dczero = colzero+dcpos;
  dyzero = colzero+dypos;
  dizero = colzero+dipos;
  dkzero = colzero+dkpos;
  dhzero = colzero+dhpos;
  aplzero = colzero+aplpos;
  stzero = colzero+stpos;
  s1zero = colzero+s1pos;
  s2zero = colzero+s2pos;
  s3zero = colzero+s3pos;
  s4zero = colzero+s4pos;
  azero = colzero+apos;
  gzero = colzero+gpos;
  aazero = colzero + aapos;
  agzero = colzero + agpos;


% Indicators for lead coefficients for each variable: 

  clead = collead+cpos;
  ylead = collead+ypos;
  hlead = collead+hpos;
  ilead = collead+ipos;
  klead = collead+kpos;
  rlead = collead+rpos;
  dylead = collead+dypos;
  alead = collead+apos;
  glead = collead+gpos;
  aalead = collead+aapos;
  aglead = collead+agpos;

% Indicators for lag coefficients for each variable: 

  clag = collag+cpos;
  ylag = collag+ypos;
  hlag = collag+hpos;
  ilag = collag+ipos;
  klag = collag+kpos;
  rlag = collag+rpos;
  dylag = collag+dypos;
  alag = collag+apos;
  glag = collag+gpos;
  aalag = collag+aapos;
  aglag = collag+agpos;

% Determine number of coefficients per equation: 

  ncoef = neq*(nlag+nlag+1);
  cof = zeros(neq,ncoef);             % Coef matrix 
                                      % Each row is an equation 
% Setup coefficients vectors for each equation: 
% ==============================================

% c = y-h 
  cof1 = zeros(ncoef,1);
  cof1(czero)=1;
  cof1(yzero)=-1;
  cof1(hzero)=1;

% 1 = c(t)-c(t+1)+R(t+1) 
  cof2 = zeros(ncoef,1);
  cof2(czero)=1;
  cof2(clead)=-1;
  cof2(rlead)=1;

% R(t) =  ((alpha*y/k)/rr)*(y(t)-k(t))           
  cof3 = zeros(ncoef,1);
  rr = (1-kdelta)*q + alpha*y/k;
  cof3(rzero) = 1;
  cof3(yzero) = -(alpha*y/k)/rr;
  cof3(klag) = alpha*(y/k)/rr;

% k(t)=(1-kdelta)*k(t-1)+kdelta*i(t-1) 
  cof4 = zeros(ncoef,1);
  cof4(kzero)=1;
  cof4(klag)=-(1-kdelta);
  cof4(izero)=-kdelta;

% y(t) = (c/y)*c(t)+(i/y)*i(t) + g(t) 
  cof5 = zeros(ncoef,1);
  cof5(yzero)=1;
  cof5(czero)=-c/y;
  cof5(izero)=-i/y;
  cof5(gzero)=-1;

% y(t) = alpha*k(t-1) + omega*h(t) + a(t) 
  cof6 = zeros(ncoef,1);
  cof6(yzero)=1;
  cof6(klag)=-alpha;
  cof6(hzero)=-omega;
  cof6(azero)=-1;

% 0= dc(t)- c(t) + c(t-1) 
  cof7 = zeros(ncoef,1);
  cof7(dczero)= 1;
  cof7(czero) =-1;
  cof7(clag)  = 1;

% 0= dy(t)- y(t) + y(t-1) 
  cof8 = zeros(ncoef,1);
  cof8(dyzero)= 1;
  cof8(yzero) =-1;
  cof8(ylag)  = 1;

% 0= di(t)- i(t) + i(t-1) 
  cof9 = zeros(ncoef,1);
  cof9(dizero)= 1;
  cof9(izero) =-1;
  cof9(ilag)  = 1;

% 0= dk(t)- k(t) + k(t-1) 
  cof10 = zeros(ncoef,1);
  cof10(dkzero)= 1;
  cof10(kzero) =-1;
  cof10(klag)  = 1;

% 0= dh(t)- h(t) + h(t-1) 
  cof11 = zeros(ncoef,1);
  cof11(dhzero)= 1;
  cof11(hzero) =-1;
  cof11(hlag)  = 1;

% 0=apl(t) - y(t) + h(t);
  cof12 = zeros(ncoef,1);
  cof12(aplzero)= 1;
  cof12(yzero)= -1;
  cof12(hzero)= 1;

% 0 = st(t) - y(t) + 0.65*h(t) + 0.35*k(t)
  cof13 = zeros(ncoef,1);
  cof13(stzero)= 1;
  cof13(yzero)= -1;
  cof13(hzero)= 0.65;
  cof13(kzero)= 0.35;

% 0 = s1(t) - y(t) + 0.65*h(t) + 0.35*k(t)
  cof14 = zeros(ncoef,1);
  cof14(s1zero)= 1;
  cof14(yzero)= -1;
  cof14(hzero)= svec(1);
  cof14(kzero)= 0.35;
% 0 = s2(t) - y(t) + 0.65*h(t) + 0.35*k(t)
  cof15 = zeros(ncoef,1);
  cof15(s2zero)= 1;
  cof15(yzero)= -1;
  cof15(hzero)= svec(2);
  cof15(kzero)= 0.35;
% 0 = s3(t) - y(t) + 0.65*h(t) + 0.35*k(t)
  cof16 = zeros(ncoef,1);
  cof16(s3zero)= 1;
  cof16(yzero)= -1;
  cof16(hzero)= svec(3);
  cof16(kzero)= 0.35;
% 0 = s4(t) - y(t) + 0.65*h(t) + 0.35*k(t)
  cof17 = zeros(ncoef,1);
  cof17(s4zero)= 1;
  cof17(yzero)= -1;
  cof17(hzero)= svec(4);
  cof17(kzero)= 0.35;

% a(t) = arho*a(t-1) + aa(t) 
  cof18 = zeros(ncoef,1);
  cof18(azero)=1;
  cof18(alag)=-arho;
  cof18(aazero)=-1;

% g(t) = grho*g(t-1) + ag(t) 
  cof19 = zeros(ncoef,1);
  cof19(gzero)=1;
  cof19(glag)=-grho;
  cof19(agzero)=1;

% Technology Shock: 
  cof20 = zeros(ncoef,1);
  cof20(aazero)=1;5

% Govt. spending shock 
  cof21 = zeros(ncoef,1);
  cof21(agzero)=1;


% Concatenate coef vectors across equations: 

  cof=[cof1';cof2';cof3';cof4';cof5';cof6';cof7';cof8';cof9';cof10';cof11';cof12';cof13';cof14';cof15';cof16';cof17';cof18';cof19';cof20';cof21'];

%*****************************************************************
%************ End coefficient matrix setup ***********************
%*****************************************************************

%*****************************************************************
%*************Begin Solution Algorithm ***************************
%*****************************************************************
%                                                                 
%  Solve a linear perfect foresight model using the gauss eig     
%  function to find the invariant subspace associated with the big 
%  roots.  This procedure will fail if the companion matrix is     
%  defective and does not have a linearly independent set of       
%  eigenvectors associated with the big roots.                     
%                                                                  
%  Input arguments:                                                
%                                                                  
%    h         Structural coef matrix (neq,neq*(nlag+1+nlag)).     
%    neq       Number of equations.                                
%    nlag      Number of lags.                                     
%    nlag     Number of lags.                                      
%    condn     lag tolerance used as a condition number test       
%              by numeric_shift and reduced_form.                  
%    uprbnd    Inclusive upper bound for the modulus of roots      
%              allowed in the reduced form.                        
%                                                                  
%  Output arguments:                                               
%                                                                  
%    cofb      Reduced form coefficient matrix (neq,neq*nlag).     
%    scof      Observable Structure                                
%    amat      Companion form matrix                               
%    b         Contemporaneous coefficient matrix                  
%    Model satisfies:                                              
%                                                                  
%    z(t) = amat*z(t-1) + b*e(t)                                   
%                                                                  
%    where the first neq elements of z(t) are the contemporaneous  
%    values of the variables in the model                          
%    and e(t) is the shock vector of conformable dimension         
%                                                                  
%    rts       Roots returned by eig.                              
%    ia        Dimension of companion matrix (number of non-trivial
%              elements in rts).                                   
%    nexact    Number of exact shiftrights.                        
%    nnumeric  Number of numeric shiftrights.                      
%    lgroots   Number of roots greater in modulus than uprbnd.     
%    mcode     Return code: see function aimerr.                   
%*****************************************************************

%  #include aimprc0.prg; %  % Call AIM subroutines (procedures) 

% Use AIM procedure to solve model: 

  uprbnd = 1+1e-8;    % Tolerance values for AIM program 
  condn = 1e-8;


% ---------------------------------------------------------------------
% Run AIM
% ---------------------------------------------------------------------

[cofb,rts,ia,nex,nnum,lgrts,mcode] = ...
       aim_eig(cof,neq,nlag,nlead,condn,uprbnd);



%disp(['Number of exact shiftrights (nex):    ',num2str(nex)]);
%disp(['Number of numeric shiftrights (nnum): ',num2str(nnum)]);
%disp(['Number of large roots (lgrts):        ',num2str(lgrts)]);
%disp(['Number of stability conditions (nex + nnum + lgrts) -'])
%disp(['       number required (neq*nlead) = ',num2str(nex+nnum+lgrts-neq*nlead)]);
%disp(['Dimension of state transition matrix (ia): ',num2str(ia)]);
%errstr = aimerr(mcode);
%disp(errstr);


% ---------------------------------------------------------------------
% Display roots, magnitude of roots and period
% ---------------------------------------------------------------------

%[amp,per] = vibz(rts,0);

% ---------------------------------------------------------------------
% Check accuracy of solution
% ---------------------------------------------------------------------

%[q,err] = checkaim(neq,nlag,nlead,cof,cofb);

% ---------------------------------------------------------------------
% Compute observable structure
% ---------------------------------------------------------------------

scof = obstruct(cof,cofb,neq,nlag,nlead);
%scof1 = obstr_t1(cof,cofb,neq,nlag,nlead);


% need to calculate amat and b
% ===============================
s0 = scof(:,(neq*nlag+1):neq*(nlag+1)); %Contemp. coefs from obs. structure
amat=zeros(neq*nlag,neq*nlag);   % Initialize A matrix 
bmat=cofb(1:neq,((nlag-1)*neq+1):nlag*neq);  % Lag 1 coefficients 
i1=2;
while i1<=nlag;
  bmat=[bmat cofb(1:neq,((nlag-i1)*neq+1):(nlag-i1+1)*neq)]; % Lag i coefs 
  i1=i1+1;
end;
amat(1:neq,:)=bmat;  % Coefs for equations 
if nlag>1;
 amat((length(cofb(:,1))+1):length(amat(:,1)),1:neq*(nlag-1))=eye(neq*(nlag-1));
end;
b = zeros(length(amat(:,1)),length(s0(1,:)));
b(1:length(s0(:,1)),1:length(s0(1,:))) = inv(s0);  % Store coefs 
b=b(:,shockvec);

% COMPUTE THE COVARIANCE MATRIX FOR THE MODEL -- THEN GET CORRELATIONS 
%shockvar = zeros(xnum,xnum);
%shockvar[apos,apos] = asigma^2;
omega = yvarmod(amat,b,shockvar);

domega = diag(omega)+1e-30;
sdo = domega.^0.5;
denom = sdo*sdo';
omcorr = omega./denom;
sdratio = sdo/sdo(ypos);

%output file = d:\willis\rclbd\stats.txt on;%   % save statistics 
%print tech;
disp(['output standard deviation (%)       = ' num2str(sdo(ypos))]);
disp(['consumption standard deviation (%)  = ' num2str(sdo(cpos))]);
disp(['hours standard deviation (%)        = ' num2str(sdo(hpos))]);
disp(['investment standard deviation (%)   = ' num2str(sdo(ipos))]);
disp(['consumption/output std dev ratio    = ' num2str(sdratio(cpos))]);
disp(['hours/output std dev ratio          = ' num2str(sdratio(hpos))]);
disp(['investment/output std dev ratio     = ' num2str(sdratio(ipos))]);

% report some of the correlations from omcorr
%disp('correlations of (c,y,h, i,k) levels with y')
%omcorr(2,1:5)

%disp('correlations of (c,y,h, i,k) growth rates with y')
%omcorr(8,7:11)


% CALCULATE MOMENTS FOR THE VARIOUS MEASURES OF THE SOLOW RESIDUALS
sscorr = omcorr(stpos,s1pos:s4pos);
sycorr = omcorr(ypos,s1pos:s4pos);
shcorr = omcorr(hpos,s1pos:s4pos);
sicorr=omcorr(ipos,s1pos:s4pos);

disp(' ')
disp(['S^ values          =  ' num2str(svec)]);
disp(['Correlation with S =  ' num2str(sscorr)]);
disp(['Correlation with Y =  ' num2str(sycorr)]);
disp(['Correlation with H =  ' num2str(shcorr)]);
disp(['Correlation with I =  ' num2str(sicorr)]);


% GET ACF FUNCTION
%u1cor = acf(amat,b,shockvar,omega,dypos);
%u1cor = acfjw(amat,b,shockvar,omega,dypos,ypos)
%acfdy = u1cor(:,1);
%acfy  = u1cor(:,2);

% ========================================================
% Compute Impulse response function using companion form     
% solution matrix amat and contemporaneous matrix b obtained 
% from aim_run procedure: 
% ========================================================
% Technology shock: 

shock=zeros(length(shockvec(:,1)),1); % Shock vector 
shock(1,1)=1;                  % Shock variable, size of shock 
nstep=100;                      % Number of steps in impulse response 
imptech = impf(amat,b,shock,nstep,neq); 
% Call impulse respons proc 
dat=(1:nstep)';           % Date variable for plotting 


if plotflag==1;
 colordef black
 figure(1)
 colordef black
 plot(dat,imptech(1:nstep,apos),'g-',...
      dat,imptech(1:nstep,cpos),'b-',...
      dat,imptech(1:nstep,ypos),'r-',...
      dat,imptech(1:nstep,kpos),'c:',...
      dat,imptech(1:nstep,hpos),'y--')
 colordef black
 legend('tech','consumption','output','capital','labor',-1);
 title('Technology Shock Impulse Response Function')
 xlabel('Periods');
 ylabel('Percent deviation from steady state');
end;

%outwidth 250;
%output file = e:\willis\rclbd\rbctech.txt reset;   % save impulse response functions 
%screen off; 
%print "     CONSUMPTION          OUTPUT          LABOR          INVESTMENT        CAPITAL      INTEREST RATE       TECHNOLOGY     GOVERNMENT         TECH SHOCK      GOVT. SHOCK";
%print imptech[.,.]; screen on; output off;



% =================================
% SIMULATION
% =================================
simstep = 1000;
yvec1=simf(amat,b,shockvar,simstep,neq);

acf = acfsim(yvec1);


% double check the correlations
sscorr = corrcoef(yvec1(:,stpos),yvec1(:,s2pos))
sycorr = corrcoef(yvec1(:,ypos),yvec1(:,s2pos))
shcorr = corrcoef(yvec1(:,hpos),yvec1(:,s2pos))

% rebuild the levels
%yy = y/(k^alpha*h^(1-alpha));
%y4 = y/(k^alpha*h^2.2);
%s4 = (yvec1(:,s4pos)+1)*y4;
%st = (yvec1(:,stpos)+1)*yy;
%corrcoef(s4,st)
%corrcoef(log(s4),log(st))

%disp(' ')
%disp('HERE ARE THE CONTEMPORANEOUS CORRELATIONS IN LEVELS AND GROWTH RATES')
%disp(['corr(y,c)   = ' num2str(omcorr(ypos,cpos)) '   ' num2str(omcorr(dypos,dcpos))]);
%disp(['corr(y,h)   = ' num2str(omcorr(ypos,hpos)) '   ' num2str(omcorr(dypos,dhpos))]);
%disp(['corr(y,i)   = ' num2str(omcorr(ypos,ipos)) '   ' num2str(omcorr(dypos,dipos))]);
%disp(['corr(y,k)   = ' num2str(omcorr(ypos,kpos)) '   ' num2str(omcorr(dypos,dkpos))]);


%disp(' ')
%disp('FROM SIMULATIONS -- CONTEMPORANEOUS CORRELATIONS IN LEVELS AND GROWTH RATES')
%yccorr = corrcoef(yvec1(:,ypos),yvec1(:,cpos));
%yhcorr = corrcoef(yvec1(:,ypos),yvec1(:,hpos));
%yicorr = corrcoef(yvec1(:,ypos),yvec1(:,ipos));
%ykcorr = corrcoef(yvec1(:,ypos),yvec1(:,kpos));
%dyccorr = corrcoef(yvec1(:,dypos),yvec1(:,dcpos));
%dyhcorr = corrcoef(yvec1(:,dypos),yvec1(:,dhpos));
%dyicorr = corrcoef(yvec1(:,dypos),yvec1(:,dipos));
%dykcorr = corrcoef(yvec1(:,dypos),yvec1(:,dkpos));
%disp(['corr(y,c)   = ' num2str(yccorr(1,2)) '   ' num2str(dyccorr(1,2))]);
%disp(['corr(y,h)   = ' num2str(yhcorr(1,2)) '   ' num2str(dyhcorr(1,2))]);
%disp(['corr(y,i)   = ' num2str(yicorr(1,2)) '   ' num2str(dyicorr(1,2))]);
%disp(['corr(y,k)   = ' num2str(ykcorr(1,2)) '   ' num2str(dykcorr(1,2))]);







AIM/aim_eig.m
function [b,rts,ia,nexact,nnumeric,lgroots,mcode] = ...
                        aim_eig(h,neq,nlag,nlead,condn,uprbnd)

%  [b,rts,ia,nexact,nnumeric,lgroots,mcode] = ...
%                       aim_eig(h,neq,nlag,nlead,condn,uprbnd)
%
%  Solve a linear perfect foresight model using the matlab eig
%  function to find the invariant subspace associated with the big
%  roots.  This procedure will fail if the companion matrix is
%  defective and does not have a linearly independent set of
%  eigenvectors associated with the big roots.
% 
%  Input arguments:
% 
%    h         Structural coefficient matrix (neq,neq*(nlag+1+nlead)).
%    neq       Number of equations.
%    nlag      Number of lags.
%    nlead     Number of leads.
%    condn     Zero tolerance used as a condition number test
%              by numeric_shift and reduced_form.
%    uprbnd    Inclusive upper bound for the modulus of roots
%              allowed in the reduced form.
% 
%  Output arguments:
% 
%    b         Reduced form coefficient matrix (neq,neq*nlag).
%    rts       Roots returned by eig.
%    ia        Dimension of companion matrix (number of non-trivial
%              elements in rts).
%    nexact    Number of exact shiftrights.
%    nnumeric  Number of numeric shiftrights.
%    lgroots   Number of roots greater in modulus than uprbnd.
%    mcode     Return code: see function aimerr.

if(nlag<1 | nlead<1) 
    error('Aim_eig: model must have at least one lag and one lead.');
end

% Initialization.

nexact   = 0;
nnumeric = 0;
lgroots  = 0;
iq       = 0;
mcode    = 0;

qrows = neq*nlead;
qcols = neq*(nlag+nlead);
bcols = neq*nlag;
 
q        = zeros(qrows,qcols);
rts      = zeros(qcols,1);

% Compute the auxiliary initial conditions and store them in q.

[h,q,iq,nexact] = ex_shift(h,q,iq,qrows,qcols,neq);

   if (iq>qrows) 
      mcode = 61;
      return;
   end

[h,q,iq,nnumeric] = numshift(h,q,iq,qrows,qcols,neq,condn);

   if (iq>qrows) 
      mcode = 62;
      return;
   end

%  Build the companion matrix.  Compute the stability conditions, and
%  combine them with the auxiliary initial conditions in q.  

[a,ia,js] = build_a(h,qcols,neq);

if (ia ~= 0)

   [w,rts,lgroots] = eigsys(a,uprbnd);

   q = copy_w(q,w,js,iq,qrows);

end

   test = nexact+nnumeric+lgroots;
       if (test > qrows) mcode = 3;
   elseif (test < qrows) mcode = 4;
   end

% If the right-hand block of q is invertible, compute the reduced form.

[nonsing,b] = reduform(q,qrows,qcols,bcols,neq,zeros(neq,neq*nlag),condn);

    if ( nonsing & mcode==0) mcode =  1;
elseif (~nonsing & mcode==0) mcode =  5;
elseif (~nonsing & mcode==3) mcode = 35;
elseif (~nonsing & mcode==4) mcode = 45;
end

return




AIM/bpf2.m
function yf=bpf(y,up,dn,K);

% bpf.m  
% Program to compute band-pass filtered series
% Inputs are
%  y:   data (rows = observations, columns=series) 
%  up:  period corresponding to highest frequency (e.g., 6)
%  dn:  period corresponding to lowest frequency (e.g., 32)
%  K:   number of terms in approximating moving average
%  [calls filtk.m (filter with symmetric weights) as subroutine]
x=[up dn];

if (up>dn)
 disp('Periods reversed: switching indices up & dn')
 disp(' ')
 dn=x(1); up=x(2);
end

if (up<2)
 up=2;
 disp('Higher periodicity > max: Setting up=2')
 disp(' ')
end 
  
% convert to column vector
[r c]=size(y);
if (r<c)
 y=y';
 disp('There are more columns than rows: Transposing data matrix') 
 disp(' ')
end
  
% Implied Frequencies
omubar=2*pi/up;
omlbar=2*pi/dn;

% An approximate low pass filter, with a cutoff frequency of "ombar",
% has a frequency response function 
%
%  alpha(om) = a0 + 2*a1 cos(om) + ... 2*aK cos(K om)
%
% and the ak's are given by:
%  
% a0 = ombar/(pi)             ak = sin(k ombar)/(k pi)
%
% where ombar is the cutoff frequency.

% A band-pass filter is the difference between two 
% low-pass filters,
%   bp(L) = bu(L) - bl(L)
% with bu(L) being the filter with the high cutoff point and bl(L) being 
% that with the low cutoff point.  Thus, the weights are differences
% of weights for two low-pass filters.

% Construct filter weights for bandpass filter (a(0)....a(K)). 

akvec=zeros(1,K+1);

akvec(1)=(omubar-omlbar)/(pi);  % weight at k=0

for k=1:K;
  akvec(k+1)=(sin(k*omubar)-sin(k*omlbar))/(k*pi); % weights at k=1,2,...K 
end

% Impose constraint on frequency response at om = 0 
% (If high pass filter, this amounts to requiring that weights sum to zero).
% (If low pass filter, this amounts to requiring that weights sum to one).

if (dn>1000)
 disp('dn > 1000: assuming low pass filter')
 phi=1;
else
 phi=0;
end

% sum of weights without constraint
theta=akvec(1)+2*sum(akvec(2:K+1));
% amount to add to each nonzero lag/lead to get sum = phi
theta=phi-(theta/(2*K+1));
% adjustment of weights
%disp('akvec')
akvec=akvec+theta;

% filter the time series
yf=filtk(y,akvec);

save awts.mat akvec;

if (r<c)
 yf=yf';
end
�



AIM/build_a.m
function [a,ia,js] = build_a(h,qcols,neq)

%  [a,ia,js] = build_a(h,qcols,neq)
%
%  Build the companion matrix, deleting inessential lags.


%  Solve for x_{t+nlead} in terms of x_{t+nlag},...,x_{t+nlead-1}.

left  = 1:qcols;
right = qcols+1:qcols+neq;

h(:,left) = -h(:,right)\h(:,left);

%  Build the big transition matrix.

a = zeros(qcols,qcols);

if(qcols > neq)
   eyerows = 1:qcols-neq;
   eyecols = neq+1:qcols;
   a(eyerows,eyecols) = eye(qcols-neq);
end

hrows      = qcols-neq+1:qcols;
a(hrows,:) = h(:,left);

%  Delete inessential lags and build index array js.  js indexes the
%  columns in the big transition matrix that correspond to the
%  essential lags in the model.  They are the columns of q that will
%  get the unstable left eigenvectors. 

js       = 1:qcols;
zerocols = sum(abs(a)) == 0;

while( any(zerocols) )
    a(:,zerocols) = [];
    a(zerocols,:) = [];
    js(zerocols)  = [];
    zerocols = sum(abs(a)) == 0;
end

ia = length(js);

return




AIM/copy_w.m
function  q = copy_w(q,w,js,iq,qrows)

% q = copy_w(q,w,js,iq,qrows)
%
%  Copy the eigenvectors corresponding to the largest roots into the
%  remaining empty rows and columns js of q 

if(iq < qrows)

   lastrows = iq+1:qrows;
   wrows    = 1:length(lastrows);

   q(lastrows,js) = w(:,wrows)';

end

return




AIM/cvar.m
% ============================================================== %
% cvar.m 
% finds the variance/covariance matrix of the VAR:
% 		y(t) = Ay(t-1) + Be(t)
% the program takes as inputs, A,B,V(e) and returns V(y).
% -- (these are amat, b, and shockvar in AIM)
%
% ( V(y) = AV(y)A' + BV(e)B' )... see Hamilton p. 265.
%
% written by C. House 10/05/00
% ============================================================== %

function V = cvar(A,B,V_e);

  l1 = length(A);
  Q  = B*V_e*B';
  vQ = vec(Q);
  AA = kron(A,A);
  l  = length(AA);
  vV = inv(eye(l)-AA)*vQ;
  V  = devec(vV,l1);







AIM/devec.m
% ============================================================ %
% devec.m
%
% For a vector (m*n,1), returns A (m,n) (see Hamilton p. 265)
% ------NOTE: pass the function the number of rows in the matrix A!!!
% 
% code: --> A = devec(v,m)
% ============================================================ % 

function A = devec(v,m);
  l = length(v);
  n = l/m;
  A = [];
  for i = 1:n;
    A = [A, v(((i-1)*m)+1:i*m)];
  end;




AIM/eigsys.m
function [w,rts,lgroots] = eigsys(a,uprbnd) 

%  [w,rts,lgroots] = eigsys(a,uprbnd)
%
%  Compute the roots and the left eigenvectors of the companion
%  matrix, sort the roots from large-to-small, and sort the
%  eigenvectors conformably.  Map the eigenvectors into the real
%  domain. Count the roots bigger than uprbnd.

[w,d]   = eig(a');
rts     = diag(d);
mag     = abs(rts);
[mag,k] = sort(-mag);
rts     = rts(k);
w       = w(:,k);

%  Given a complex conjugate pair of vectors W = [w1,w2], there is a
%  nonsingular matrix D such that W*D = real(W) + imag(W).  That is to
%  say, W and real(W)+imag(W) span the same subspace, which is all
%  that aim cares about. 

w = real(w) + imag(w);

lgroots = sum(abs(rts) > uprbnd);

return





AIM/eig_order.m
% ====================================================================== %
% eig_order.m
% 
% given a square matrix A, this program returns a diagonal matrix L of 
% eigenvalues and a matrix X of eigenvectors where L has been sorted in
% ascending modulus. The index 'j' is the first element of L that is greater
% than 1 (in abs value).
%
% code ... [L X j] = eig_order(A) --> No commas (why?)
%
% C. House 12/18/01
% ====================================================================== %

function [L,X,j] = eig_order(A);

[x1,L1] = eig(A);		% x1 matrix of eigenvectors -- columns

L2 = diag(L1); 			% column of eigenvalues

n = length(L2);

[L3,k] = sort(abs(L2));		% k is an index vector describing the sort proceedure.

j = min(find(abs(L3)>1));

L4 = [];
X  = [];

for m = 1:n;
	L4 = [L4; L2(k(m))];
	X  = [X x1(:,k(m))];
end; 

L = diag(L4);













AIM/ex_shift.m
function [h,q,iq,nexact] = ex_shift(h,q,iq,qrows,qcols,neq)

% [h,q,iq,nexact] = ex_shift(h,q,iq,qrows,qcols,neq)
%
% Compute the exact shiftrights and store them in q.

nexact = 0;
left   = 1:qcols;
right  = qcols+1:qcols+neq;

zerorows = find( sum(abs( h(:,right)' ))==0 );

while( any(zerorows) & iq <= qrows )

   nz = length(zerorows);

   q(iq+1:iq+nz,:) = h(zerorows,left);
   h(zerorows,:)   = shftrght(h(zerorows,:),neq);

   iq     = iq + nz;
   nexact = nexact + nz;

   zerorows = find( sum(abs( h(:,right)' ))==0 );

end

return




AIM/filtk.m
function  yf=filtk(y,a,n);

% filk.m: function file for filtering data.  
% It is designed assuming that that the data is 
% organized (rows=obs, columns=series).  There is
% a vector of filter coefficients.  There are two
% possible structures for the filter weights.  
% The default assumption is that the filter is 
% symmetric with weights given in the vector
% a=[a0 a1 ... aK]: since there is symmetry a(-j)
% = a(j) and we do not repeat the coeeficients.
% The alternative is that there is a one sided (lag)
% filter with weights a=[a0 a1 ... aK].

if (nargin<3)
   n=2;  % default is two sided filter.
end

K=max(size(a))-1;  % max lag;

T=max(size(y));    % number of observations;

% One-sided filter, 

if (n==1)
   
flip=K+1:-1:1;
avec=a(flip);
 
yf=zeros(size(y));

for t=K+1:1:T;
 yf(t,:)=avec*y(t-K:t,:);
end

elseif (n==2)
   
% Set vector of weights

avec=zeros(1,2*K+1);
avec(K+1)=a(1);
for i=1:K;
avec(K+1-i)=a(i+1);
avec(K+1+i)=a(i+1);
end
yf=zeros(size(y));
for t=K+1:1:T-K
 yf(t,:)=avec*y(t-K:t+K,:);
end

else
   disp('filtk.m error: third argument must be:')
   disp('  1 for one-sided (lag) filter')
   disp('  2 for two sided filter')
end
�



AIM/hp2.m
function uu = hp2(dat); 
tic
%@ USING A KALMAN FILTER TECHNIQUE TO DERIVE THE H-P FILTER 
%  THE INPUT IS "DAT"==MATRIX OF SERIES THAT ARE DETRENDED 
%                     - REMEMBER TO TAKE LOGS 
%  THE OUTPUT IS "UU"==MATRIX H-P DEVIATIONS FROM TREND   @ 

l=1600; %  SMOOTHING PARAMETER, IT CAN BE CHANGED, 1600 for quarterly

u1 = dat;
[t,ff]=size(dat);
v11 = 1; v22 = 1; v12 = 0; 
i=3; v=zeros(t,3); tt =zeros(t,ff); d = zeros(t,ff); 

for i=3:t %do until i>t; 
 x=v11;  z=v12; 
 v11=(1/l)+4*(x-z)+v22; v12=2*x-z; v22=x; de=v11*v22-v12*v12; 
 v(i,1) = v22/de; v(i,2) = -v12/de; v(i,3) = v11/de; 
 x = v11+1; z=v11; 
 v11 = v11-(v11*v11)/x; v22 = v22-(v12*v12)/x; v12 = v12-(z*v12)/x; 
 %i=i+1; 
end; 

u=u1; m1=u(2,:); m2 = u(1,:); 

i=3; 
for i=3:t; %do until i>t; 
 x = m1; m1=2*m1-m2; m2=x; 
 tt(i-1,:) = v(i,1)*m1+v(i,2)*m2; 
 d(i-1,:) = v(i,2)*m1+v(i,3)*m2; 
 de = v(i,1)*v(i,3)-v(i,2)*v(i,2); 
 v11 = v(i,3)/de; v12 = -v(i,2)/de; 
 z = (u(i,:)-m1)/(v11+1); 
 m1=m1+v11*z; m2=m2+v12*z; 
 %i=i+1; 
end; 

tt(t,:) = m1; tt(t-1,:) = m2; 
m1 = u(t-1,:); m2 = u(t,:); 

i=t-2; 
for i=t-2:(-1):1; %do until i<1; 
 i1=i+1; ib=t-i+1; 
 x=m1; 
 m1=2*m1-m2; m2=x; 
  if i>2; 
   e1 = v(ib,3)*m2+v(ib,2)*m1+tt(i,:); e2 = v(ib,2)*m2+v(ib,1)*m1+d(i,:); 
   b11 = v(ib,3)+v(i1,1); b12 = v(ib,2)+v(i1,2); b22 = v(ib,1)+v(i1,3); 
   de = b11*b22-b12*b12; 
   tt(i,:) = (-b12*e1+b11*e2)/de; 
  end; 
 de = v(ib,1)*v(ib,3)-v(ib,2)*v(ib,2); 
 v11 = v(ib,3)/de; v12 = -v(ib,2)/de; 
 z = (u(i,:)-m1)/(v11+1); 
 m1 = m1 +v11*z; m2 = m2 +v12*z; 
 %i=i-1; 
end; 

tt(1,:) = m1; 
tt(2,:) = m2; 
i=1; 
for i=1:t;%do until i>t; 
 d(i,:) = u(i,:)-tt(i,:); 
 %i=i+1; 
end; 
hu=tt; 
uu = d-(ones(t,ff)*mean(d)')*ones(1,ff); 
%clear u1;
%retp(uu); 
%endp; 
disp(toc);




AIM/impf.m
function yvec1=impf(a,b,shock,nstep,neq);

%*******************************************************
%******** Proc to compute impulse response from system: 
%*******************************************************
y=b*shock;                 % initial value 
yvec=zeros(nstep,length(a));
yvec(1,:)=y';              % store initial value 
i=2;
while i<=nstep;         % loop through periods 
 y=a*y;
 yvec(i,:)=y';
 i=i+1;
end;
yvec1= yvec(:,1:neq);





AIM/normp.m
function p=normp(z);
%NORMP	NORMP(Z) is the cumulative normal distribution function at Z.

%	GKS 8 Oct 93

p=(1+erf(z/sqrt(2)))./2;




AIM/normq.m
function z=normq(p);
%NORMQ	NORMP(P) is the inverse cumulative normal distribution function.

%	GKS 8 Oct 93

z=erfinv(2*p-1)*sqrt(2);




AIM/normqq.m
function []=normqq(y)
%NORMQQ	NORMQQ(Y) produces a normal probability plot of the elements of Y.

% GKS  27 July 95

y = sort(y(:));
nd = normq( (1:length(y))./(length(y)+1) );
plot(nd,nd,nd,y,'x');
xlabel('Normal Deviates');
ylabel('Sample Deviates');
title('Normal Probability Plot');




AIM/numshift.m
function [h,q,iq,nnumeric] = ...
              numshift(h,q,iq,qrows,qcols,neq,condn)

%  [h,q,iq,nnumeric] = ...
%             numshift(h,q,iq,qrows,qcols,neq,condn)
%
% Compute the numeric shiftrights and store them in q.

nnumeric = 0;
left     = 1:qcols;
right    = qcols+1:qcols+neq;

[Q,R,E]  = qr( h(:,right) );
zerorows = find( abs(diag(R)) <= condn );

while( any(zerorows) & iq <= qrows )
   h = Q'*h;
   nz = length(zerorows);
   q(iq+1:iq+nz,:) = h(zerorows,left);
   h(zerorows,:)   = shftrght( h(zerorows,:), neq );
   iq       = iq + nz;
   nnumeric = nnumeric + nz;
   [Q,R,E] = qr( h(:,right) );
   zerorows = find( abs(diag(R)) <= condn );
end

return




AIM/obstruct.m
function scof = obstruct(cof,cofb,neq,nlag,nlead)

%--------------------------------------------------------
%
% construct the coefficients in the observable structure.
%    
%   inputs:  
%            cof    structural coefficients
%            cofb   reduced form
%            neq
%            nlag
%            nlead
%   output:
%            scof  observable structure coefficients
%    
%--------------------------------------------------------

% append negative identity to cofb

cofb = [cofb -eye(neq)];

scof = zeros(neq,neq*(nlag+1));
q = zeros(neq*nlead, neq*(nlag+nlead));

[rc,cc] = size(cofb);
q(1:rc,1:cc) = cofb;

if( nlead > 1 ) 

   for i = 1:(nlead-1)
      rows = i*neq + (1:neq);
      q(rows,:) = shftrght( q((rows-neq),:), neq );
   end

end

l = (1: neq*nlag);
r = (neq*nlag+1: neq*(nlag+nlead));
q(:,l) = -q(:,r) \ q(:,l);

minus = (             1:       neq*(nlag+1));
plus  = (neq*(nlag+1)+1: neq*(nlag+1+nlead));

scof(:,neq+1:neq*(nlag+1)) = cof(:,plus)*q(:,l);
scof = scof + cof(:,minus);

return





AIM/reduform.m
function [nonsing,b] = reduform(q,qrows,qcols,bcols,neq,b,condn);

% [nonsing,b] = reduform(q,qrows,qcols,bcols,neq,b,condn);
%
% Compute reduced-form coefficient matrix, b.

left = 1:qcols-qrows;
right = qcols-qrows+1:qcols;

nonsing = rcond(q(:,right)) > condn;

if(nonsing)
   q(:,left) = -q(:,right)\q(:,left);
end

b = q(1:neq,1:bcols);

return




AIM/shftrght.m
function [shiftmat] = shftrght(origmat,n)

% Shifts all rows of an input matrix right n columns
% Zero out the leftmost n columns of the matrix

[rows,cols] = size(origmat);


l = (1:n);
r = (n+1:cols);
l2 = (1:cols-n);

shiftmat(:,l) = zeros(rows,n);
shiftmat(:,r) = origmat(:,l2);
    




AIM/simf.m
function yvec1=simf(a,b,shockvar,nstep,neq);
%*******************************************************
%******** Proc to simulate system:                      
% Proc simulates model using error structure:           
%         e(t) = shockvar*u(t)                          
% where shockvar is an neq x neq var/covar matrix of    
% e(t) and                                              
%                                                       
% u(t) is an neq x 1 vector of random draws from a      
% standard normal distribution                          
%*******************************************************

 e=shockvar*randn(length(b(1,:)),1);            % initial shock 
 y=b*e;                                 % starting value 
 yvec=zeros(nstep,length(a));             % matrix to store results 
 yvec(1,:)=y';                          % store initial value 
 i=2;
 while i<=nstep;                     % loop through steps 
  e=shockvar*randn(length(b(1,:)),1);           % new shock vector 
  y=a*y+b*e;                            % update y 
  yvec(i,:)=y';                         % store result 
  i=i+1;
 end;                                  % end loop 

yvec1 = yvec;





AIM/simffix.m
function yvec1=simffix(a,b,nstep,simshock,begsh,endsh);
%*******************************************************
%******** Proc to simulate system:                      
% simffix takes a ROW vector called simshock made up of 
% simulated draws from some distribution and applies them
% to the amat system to simulate the model.                        
%*******************************************************

% e=shockvar*randn(length(b(1,:)),1);            % initial shock 
 e=zeros(length(b(1,:)),1);                 % @ initial shock @
 e(begsh:endsh) = simshock(:,1);
 y=b*e;                                 % starting value 
 yvec=zeros(nstep,length(a));             % matrix to store results 
 yvec(1,:)=y';                          % store initial value 
 i=2;
 while i<=nstep;                     % loop through steps 
  %e=shockvar*randn(length(b(1,:)),1);           % new shock vector 
  e(begsh:endsh) = simshock(:,i);
  y=a*y+b*e;                            % update y 
  yvec(i,:)=y';                         % store result 
  i=i+1;
 end;                                  % end loop 

yvec1 = yvec;





AIM/vec.m
% ============================================================ %
% vec.m
%
% For a matrix A returns vec(A). (see Hamilton p. 265)
% ============================================================ % 

function v = vec(A);
  [m n] = size(A);
  v = [];
  for i = 1:n;
    v = [v;A(:,i)];
  end;








AIM/yvarmod.m
function ysigma = yvarmod(amat,bmat,shockvar);
  yindex=find((sum(abs(amat))==0)'); %Find zero columns of companion form
  zindex=find((sum(abs(amat))>0)');  %Find nonzero columns
  az=amat(zindex,zindex);
  k=length(az(1,:));
  ay=amat(:,zindex);
  bz=bmat(zindex,:);
  by=bmat(yindex,:);
  ak=eye(length(az(:,1)));
  bsigma=bz*shockvar*bz';
  zsigma=bsigma;
  i=1;
  while i<200;
   ak=ak*az;
   zsigma=zsigma+ak*bsigma*ak';
   i=i+1;
  end;
  ysigma=ay*zsigma*ay'+bmat*shockvar*bmat';
%  ysigma(9,1)
%  ysigma(10,1)



function y1 = find(x);
% return index for rows where x==1 
  y = (1:length(x))';            %seqa(1,1,rows(x));
  y = y.*(x==1);
  y = find(y);
  if max(x)<=0; 
   y = 0; 
  end;
  y1=y;






gen_fig1_AER.m
% ============================================================================== %
% gen_fig1_AER.m
%
% This program generates figure 1 in the AER short paper.  
% The program calls 2 subroutines: 
% 	sub_non (non durables only -- standard DNK)
%	sub_durable (dur and nondur -- main model) 
% The model generates several versions of the figure. 
%
% SAMPLE PRINT COMMAND : print -deps 'test.eps'
% 
% C. House 9/01/05
% ============================================================================== %

clc;
clear all;
global mode;	

% Sticky price settings
% theta1: annual continuous time calvo (C)
% theta2: annual continuous time calvo (X)

% Standard DNK Model with 6 month half life.
%	theta1 	= theta2 = 1.3863;

% Asymmetric settings.
%	theta1	= 1.3863;	
%	theta2	= 100000000;

% Bils & Klenow data
%	theta1	= 2.88;	
%	theta2	= 3.78;	


% Global Parameters 

global h beta delta nimpdat nplot nu s A phi rho msig M v CY N alpha


% ====================================================================== %
% ====================================================================== %
% Parameters
% ====================================================================== %
% ====================================================================== %

% continuous time annual rates.

rho 	= .02;			% annual continuous time discount
d	= .05;			% annual continuous time depreciation
rho2	= .0001;		% annual continuous time AR for money


% fraction of a year -- how fine a grid do you want?
h = 1/100;

beta 	= exp(-rho*h);		% discrete time discount
delta 	= h*d;			% discrete time depreciation
delta	= 1 - exp(-d*h); 

nimpdat = 20/h;			% number of steps in impulse response i.e. 20/h is 20 years.
nplot	= 1 + 3/h;		% number of steps in plot i.e. 1/h is 1 year. 

% ======================================================================= %
% from the continuous time transformation....
% ======================================================================= %

% Real Parameters 
nu	= 1;
s 	= 1;			% intertemporal substitution.
A	= 1;			% scaling parameter
phi	= 0;			% elasticity of substitution between durables and non -- 1604 critical...
				% 1 = perf sub; 0 = Cobb Douglas; -inf = perf comp
alpha	= .35;			% Capital's share

% Money Parameters
rho   	= exp(-rho2*h);		% autoregressive component of the money shock 
msig  	= .0085;		% standard dev of the money process.
M     	= 100  ;		% total money supply
v     	= 1    ;		% "velocity" of money

% Steady State Shares
CY	= 3/4;			% C/Y ratio in steady state.
N 	= 1;			% steady state labor supply.


% ==================================================================== %
% ==================================================================== %
% Call the programs
% ==================================================================== %
% ==================================================================== %


% ==================================================================== % 
% Only Non-durables
% ==================================================================== % 

theta1	= 1.3863;	
theta2	= theta1;
theta_c = exp(-theta1*h);	% discrete time calvo (C)

[dat, imptech, ...
 Pindex, Navg, Cavg, ... 
 Yavg, real_int_avg, nom_int_avg, ...
 cpos, intpos, rintpos] 		= sub_non(theta_c);  

y_non0 	= imptech(1:nplot,cpos); 
c_non0 	= imptech(1:nplot,cpos);
P_non0 	= Pindex; 
pc_non0 = Pindex;
n_non0	= 100*imptech(1:nplot,intpos);
rc_non0	= 100*imptech(1:nplot,rintpos);



% ==================================================================== % 
% Symmetric Rigidity
% ==================================================================== % 

theta1	= 1.3863;	
theta2	= theta1;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)

[dat, imptech, rint_dur, ...
 Pindex, Navg, Cavg, Xavg, ... 
 Yavg, real_int_avg, nom_int_avg, ...
 ypos, cpos, xpos, pcpos, pxpos, ... 
 intpos, rintpos] 		= sub_durable(theta_c, theta_x);  

y_all 	= imptech(1:nplot,ypos); 
c_all 	= imptech(1:nplot,cpos);
x_all 	= imptech(1:nplot,xpos);
P_all 	= Pindex; 
pc_all 	= imptech(1:nplot,pcpos);
px_all 	= imptech(1:nplot,pxpos);
n_all	= 100*imptech(1:nplot,intpos);
rc_all	= 100*imptech(1:nplot,rintpos);
rd_all	= 100*rint_dur;

% ==================================================================== % 
% Flexible Durables
% ==================================================================== % 

theta1	= 1.3863;	
theta2	= 10000000000;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)

[dat, imptech, rint_dur, ...
 Pindex, Navg, Cavg, Xavg, ... 
 Yavg, real_int_avg, nom_int_avg, ...
 ypos, cpos, xpos, pcpos, pxpos, ... 
 intpos, rintpos] 		= sub_durable(theta_c, theta_x);  

y_non 	= imptech(1:nplot,ypos); 
c_non 	= imptech(1:nplot,cpos);
x_non 	= imptech(1:nplot,xpos);
P_non 	= Pindex; 
pc_non 	= imptech(1:nplot,pcpos);
px_non 	= imptech(1:nplot,pxpos);
n_non	= 100*imptech(1:nplot,intpos);
rc_non	= 100*imptech(1:nplot,rintpos);
rd_non	= 100*rint_dur;


% ==================================================================== % 
% Flexible Nondur
% ==================================================================== % 

theta1	= 10000000000;	
theta2	= 1.3863;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)

[dat, imptech, rint_dur, ...
 Pindex, Navg, Cavg, Xavg, ... 
 Yavg, real_int_avg, nom_int_avg, ...
 ypos, cpos, xpos, pcpos, pxpos, ... 
 intpos, rintpos] 		= sub_durable(theta_c, theta_x);  

y_dur 	= imptech(1:nplot,ypos); 
c_dur 	= imptech(1:nplot,cpos);
x_dur 	= imptech(1:nplot,xpos);
P_dur 	= Pindex; 
pc_dur 	= imptech(1:nplot,pcpos);
px_dur 	= imptech(1:nplot,pxpos);
n_dur	= 100*imptech(1:nplot,intpos);
rc_dur	= 100*imptech(1:nplot,rintpos);
rd_dur	= 100*rint_dur;


% ==================================================================== % 
% Figure 1
% ==================================================================== % 

colordef white
figure(1)
 orient landscape;
 subplot(3,3,1),plot(dat,y_non0, 'k-','Linewidth',.8);
		hold on;
		plot(dat,y_all, 'Linewidth', 3, 'Color', [.5 .5 .5]);
		plot(dat,y_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,y_dur, 'k-','Linewidth',2.25);
		hold off;
 title('GDP'); 
 legend('Nondurables Only', 'All Prices Sticky', 'Sticky Nondurables Prices', 'Sticky Durables Prices', 1);
% xlabel('Production');
% ylabel('Deviation from Steady State (%)');
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,2),plot(dat,c_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,c_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,c_dur, 'k-','Linewidth',2.25);
		plot(dat,c_non0, 'k-','Linewidth',.8);
		hold off;
 title('Nondurable Production'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,3),plot(dat,x_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,x_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,x_dur, 'k-','Linewidth',2.25);
		hold off;
 title('Durable Production'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,4),plot(dat,P_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,P_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,P_dur, 'k-','Linewidth',2.25);
		plot(dat,P_non0, 'k-','Linewidth',.8);
		hold off;
 title('Aggregate Price Level'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,5),plot(dat,pc_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,pc_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,pc_dur, 'k-','Linewidth',2.25);
		plot(dat,pc_non0, 'k-','Linewidth',.8);
		hold off;
 title('Nondurable Prices'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,6),plot(dat,px_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,px_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,px_dur, 'k-','Linewidth',2.25);
		hold off;
 title('Durable Prices'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,7),plot(dat,n_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,n_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,n_dur, 'k-','Linewidth',2.25);
		plot(dat,n_non0, 'k-','Linewidth',.8);
		hold off;
 title('Nominal Interest Rate'); 
 xlabel('Quarters');
 set(gca,'YGrid','on')
% set(gca,'YLim',[-1 1]);
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,8),plot(dat,rc_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,rc_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,rc_dur, 'k-','Linewidth',2.25);
		plot(dat,rc_non0, 'k-','Linewidth',.8);
		hold off;
 title('Real rate: Nondurables');
 xlabel('Quarters');
 set(gca,'YGrid','on')
% set(gca,'YLim',[-1 1]);
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,9),plot(dat,rd_all,'Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,rd_non, 'k--','Linewidth',1.5, 'Color', [.5 .5 .5]);
		plot(dat,rd_dur, 'k-','Linewidth',2.25);
		hold off;
 title('Real rate: Durables');
 xlabel('Quarters');
 set(gca,'YGrid','on')
 set(gca,'YLim',[-1 1]);
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);













gen_fig2_3_AER.m
% ============================================================================== %
% gen_sens_figs.m
%
% This program generates the "sensitivity" figures (2 and 3) in the AER short paper.  
% The program calls the subroutine sub_durable.  
%
% C. House 9/01/06
% ============================================================================== %

clc;
clear all;
global mode;	

colordef black

% Global Parameters 

global h beta delta nimpdat nplot nu s A phi rho msig M v CY N alpha


% ====================================================================== %
% ====================================================================== %
% Parameters
% ====================================================================== %
% ====================================================================== %

% continuous time annual rates.

rho 	= .02;			% annual continuous time discount
d	= .05;			% annual continuous time depreciation
rho2 	= .0001;

% fraction of a year -- how fine a grid do you want?
h = 1/100;

beta 	= exp(-rho*h);		% discrete time discount
delta	= 1 - exp(-d*h); 	% discrete time depreciation

nimpdat = 20/h;			% number of steps in impulse response i.e. 20/h is 20 years.
nplot	= 1 + 3/h;		% number of steps in plot i.e. 1/h is 1 year. 

% ======================================================================= %
% from the continuous time transformation....
% ======================================================================= %

% Real Parameters 
nu	= 1;
s 	= .2;			% intertemporal substitution.
A	= 1;			% scaling parameter
phi	= 0;			% elasticity of substitution between durables and non -- 1604 critical...
				% 1 = perf sub; 0 = Cobb Douglas; -inf = perf comp
alpha	= .35;			% Capital's share

% Money Parameters
rho   	= exp(-rho2*h);		% autoregressive component of the money shock 
msig  	= .0085;		% standard dev of the money process.
M     	= 100  ;		% total money supply
v     	= 1    ;		% "velocity" of money

% Steady State Shares
CY	= 3/4;			% C/Y ratio in steady state.
N 	= 1;			% steady state labor supply.


% ==================================================================== %
% ==================================================================== %
% Figure 2 : Relative Price Flexibility
% ==================================================================== %
% ==================================================================== %

param_alt = 	[1.3863 2 4 12 52];

for panel = 1:2;

  YDAT	= [];
  CDAT	= [];
  XDAT	= [];

  theta1 = 1.3863;	% Baseline (6 month 1/2 life)	
  theta2 = theta1;

 
for param_i = 1:5;


  	if panel == 1;
    	theta1 = param_alt(param_i);
	end;

	if panel == 2;
     	theta2 = param_alt(param_i);
	end;


	theta_c = exp(-theta1*h);	% discrete time calvo (C)
	theta_x = exp(-theta2*h);	% discrete time calvo (I)

	[dat, imptech, rint_dur, ...
	 Pindex, Navg, Cavg, Xavg, ... 
	 Yavg, real_int_avg, nom_int_avg, ...
	 ypos, cpos, xpos, pcpos, pxpos, ... 
	 intpos, rintpos] 		= sub_durable(theta_c, theta_x);  


	YDAT 	= [YDAT imptech(1:nplot,ypos)];
	CDAT 	= [CDAT imptech(1:nplot,cpos)];
	XDAT 	= [XDAT imptech(1:nplot,xpos)];

end;


Time	= (1:nplot)';
Time	= dat;

colordef white
figure(1)
 orient landscape;
 pp	= (panel - 1)*3;
 colordef white
 subplot(2,3,pp+1), 	plot(Time, YDAT(:,1), 'Linewidth', 3, 'Color', [.5 .5 .5]);
			hold on;
			plot(Time, YDAT(:,2), 'k--','Linewidth',1);
			plot(Time, YDAT(:,3), 'k-','Linewidth',1);
			plot(Time, YDAT(:,4), 'k--','Linewidth',2, 'Color', [.5 .5 .5]);
			plot(Time, YDAT(:,5), 'k-','Linewidth',2);
			hold off;
			if panel == 1;
				xlabel('Output');
	 			ylabel('Deviation from Steady State (%)');
			end;
			%legend('Baseline', '\theta_c = 2', '\theta_c = 4', '\theta_c = 12', '\theta_c = 52');
			legend('Baseline', '\theta_c : 2 changes / year', '\theta_c : 4 changes / year', ...
				'\theta_c : 12 changes / year', '\theta_c : 52 changes / year');
			if panel == 2;
			  	%legend('Baseline', '\theta_x = 2', '\theta_x = 4', '\theta_x = 12', '\theta_x = 52');
				legend('Baseline', '\theta_x : 2 changes / year', '\theta_x : 4 changes / year', ...
					'\theta_x : 12 changes / year', '\theta_x : 52 changes / year');
			  	xlabel('Output');
	 			ylabel('Deviation from Steady State (%)');
			end;
 			set(gca,'YGrid','on')
% 			set(gca,'YLim',[-10 40]);
 			set(gca,'XLim',[1 nplot]);
 			set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 			set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 			set(gca,'FontSize',[8]);

	

 subplot(2,3,pp+2), 	plot(Time, CDAT(:,1), 'Linewidth', 3, 'Color', [.5 .5 .5]);
			hold on;
			plot(Time, CDAT(:,2), 'k--','Linewidth',1);
			plot(Time, CDAT(:,3), 'k-','Linewidth',1);
			plot(Time, CDAT(:,4), 'k--','Linewidth',2, 'Color', [.5 .5 .5]);
			plot(Time, CDAT(:,5), 'k-','Linewidth',2);
			hold off;
			if panel == 1;
			 	title('A: Changing the Nominal Rigidity for Nondurables'); 
				xlabel('Consumption');
			end;
			if panel == 2;
			 	title('B: Changing the Nominal Rigidity for Durables');
			  	xlabel('Consumption');
			end;
 			set(gca,'YGrid','on')
 			set(gca,'YLim',[-1 2.5]);
 			set(gca,'XLim',[1 nplot]);
 			set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 			set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 			set(gca,'FontSize',[8]);


 subplot(2,3,pp+3), 	plot(Time, XDAT(:,1), 'Linewidth', 3, 'Color', [.5 .5 .5]);
			hold on;
			plot(Time, XDAT(:,2), 'k--','Linewidth',1);
			plot(Time, XDAT(:,3), 'k-','Linewidth',1);
			plot(Time, XDAT(:,4), 'k--','Linewidth',2, 'Color', [.5 .5 .5]);
			plot(Time, XDAT(:,5), 'k-','Linewidth',2);
			hold off;
			if panel == 1;
 				xlabel('Durables Production');
			end;
			if panel == 2;
 				xlabel('Durables Production');
			end;
 			set(gca,'YGrid','on')
 			set(gca,'YLim',[-6 4]);
 			set(gca,'XLim',[1 nplot]);
 			set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 			set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 			set(gca,'FontSize',[8]);


% ==================================================== %
% this is the end statement for the "panel" loop.

end;
% ==================================================== %




% ==================================================================== %
% ==================================================================== %
% Figure 2 : GDP Share 
% ==================================================================== %
% ==================================================================== %

index 	= .01:.01:.99;
x_axis	= 1:length(index); 
x_axis 	= x_axis./100;

for panel = 1:2;

Y_non	= [];
Y_dur	= [];

for flex_i = 1:2; 	% 1 is Flexible nondurables; 2 is flexible durables

for i = 1:size(index'); 

	if panel == 1;
	CY	= index(i);
	end;

	if panel == 2; 
	CY	= .75;
	d	= -log(1-index(i)); 
	delta	= 1 - exp(-d*h); 	% discrete time depreciation
	end;

	theta1 = 1.3863;	% Baseline (6 month 1/2 life)	
	theta2	= 10000000000;

	if flex_i == 1; 	
	  theta1 = 10000000000;	
	  theta2 = 1.3863;
	end;

	theta_c = exp(-theta1*h);	% discrete time calvo (C)
	theta_x = exp(-theta2*h);	% discrete time calvo (I)

	[dat, imptech, rint_dur, ...
	 Pindex, Navg, Cavg, Xavg, ... 
	 Yavg, real_int_avg, nom_int_avg, ...
	 ypos, cpos, xpos, pcpos, pxpos, ... 
	 intpos, rintpos] 		= sub_durable(theta_c, theta_x);  

	yr 	= (1/h);
	Yavg2 	= mean(imptech(1:yr,ypos));

	if flex_i == 1; 
	  Y_non	= [Y_non; Yavg2]; 
	end;

	if flex_i == 2; 
	  Y_dur	= [Y_dur; Yavg2]; 
	end;
	
end;
end;


if panel == 1;

colordef white
figure(2)
colordef white

 subplot(2,1,1), ...
		plot(x_axis(99:-1:1),Y_non,'k-','Linewidth',2);
		hold on;
		plot(x_axis,Y_dur, 'k--','Linewidth',2);
		hold off;
 legend('Sticky Durable Goods Prices', 'Sticky Nondurable Goods Prices',2);
 xlabel('Fraction of Sticky Price Goods in GDP (%)');
 ylabel('First Year Deviation from Steady State (%)');
 set(gca,'YGrid','on')
 set(gca,'XGrid','on')
 set(gca,'XLim',[.01 1]);
 set(gca,'XTick',[.01 .25 .50 .7 .8 .9 .95 1]);
 set(gca,'XTicklabel',[1 25 50 70 80 90 95 100]);
 set(gca,'FontSize',[8]);

end;

end;






gen_figA1_AER.m
% ======================================================================== %
% gen_figA1_AER.m
%
% Runs the model with durables and compares it to the model with capital
% this program calls the subroutine sub_cap.m
%
% C. House, 9/01/06
% ======================================================================== %


clc;
clear all;
global mode;	

% Sticky price settings
% theta1: annual continuous time calvo (C)
% theta2: annual continuous time calvo (X)

% Standard DNK Model with 6 month half life.
%	theta1 	= theta2 = 1.3863;

% Asymmetric settings.
%	theta1	= 1.3863;	
%	theta2	= 100000000;	

% Bils & Klenow data
%	theta1	= 2.88;	
%	theta2	= 3.78;	


% Global Parameters 

global h beta delta nimpdat nplot nu s A phi rho msig M v CY N alpha


% ====================================================================== %
% ====================================================================== %
% Parameters
% ====================================================================== %
% ====================================================================== %

% continuous time annual rates.

rho 	= .02;			% annual continuous time discount
d	= .05;			% annual continuous time depreciation
rho2	= .0001;		% annual continuous time AR for money


% fraction of a year -- how fine a grid do you want?
h = 1/100;

beta 	= exp(-rho*h);		% discrete time discount
delta 	= h*d;			% discrete time depreciation
delta	= 1 - exp(-d*h); 

nimpdat = 20/h;			% number of steps in impulse response i.e. 20/h is 20 years.
nplot	= 1 + 3/h;		% number of steps in plot i.e. 1/h is 1 year. 

% ======================================================================= %
% from the continuous time transformation....
% ======================================================================= %

% Real Parameters 
nu	= 1;
s 	= 1;			% intertemporal substitution.
A	= 1;			% scaling parameter
phi	= 0;			% elasticity of substitution between durables and non -- 1604 critical...
				% 1 = perf sub; 0 = Cobb Douglas; -inf = perf comp
alpha	= .35;			% Capital's share

% Money Parameters
rho   	= exp(-rho2*h);		% autoregressive component of the money shock 
msig  	= .0085;		% standard dev of the money process.
M     	= 100  ;		% total money supply
v     	= 1    ;		% "velocity" of money

% Steady State Shares
CY	= 3/4;			% C/Y ratio in steady state.
N 	= 1;			% steady state labor supply.


% ==================================================================== %
% Call the programs 
% ==================================================================== %

% ==================================================================== % 
% Symmetric Rigidity
% ==================================================================== % 

theta1	= 1.3863;	
theta2	= theta1;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)


[dat, imptech, rint_dur, ...
 Pindex, ypos, cpos, ipos, ...
 pcpos, pipos, intpos, rint]  = sub_cap(theta_c, theta_x);  


y_all 	= imptech(1:nplot,ypos); 
c_all 	= imptech(1:nplot,cpos);
i_all 	= imptech(1:nplot,ipos);
P_all 	= Pindex; 
pc_all 	= imptech(1:nplot,pcpos);
pi_all 	= imptech(1:nplot,pipos);
n_all	= 100*imptech(1:nplot,intpos);
rc_all	= 100*rint;
rd_all	= 100*rint_dur;

% ==================================================================== % 
% Flexible Investment
% ==================================================================== % 

theta1	= 1.3863;	
theta2	= 10000000000;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)


[dat, imptech, rint_dur, ...
 Pindex, ypos, cpos, ipos, ...
 pcpos, pipos, intpos, rint]  = sub_cap(theta_c, theta_x);  


y_non 	= imptech(1:nplot,ypos); 
c_non 	= imptech(1:nplot,cpos);
i_non 	= imptech(1:nplot,ipos);
P_non 	= Pindex; 
pc_non 	= imptech(1:nplot,pcpos);
pi_non 	= imptech(1:nplot,pipos);
n_non	= 100*imptech(1:nplot,intpos);
rc_non	= 100*rint;
rd_non	= 100*rint_dur;


% ==================================================================== % 
% Flexible Nondur
% ==================================================================== % 

theta1	= 10000000000;	
theta2	= 1.3863;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)


[dat, imptech, rint_dur, ...
 Pindex, ypos, cpos, ipos, ...
 pcpos, pipos, intpos, rint]  = sub_cap(theta_c, theta_x);  


y_dur 	= imptech(1:nplot,ypos); 
c_dur 	= imptech(1:nplot,cpos);
i_dur 	= imptech(1:nplot,ipos);
P_dur 	= Pindex; 
pc_dur 	= imptech(1:nplot,pcpos);
pi_dur 	= imptech(1:nplot,pipos);
n_dur	= 100*imptech(1:nplot,intpos);
rc_dur	= 100*rint;
rd_dur	= 100*rint_dur;


% ==================================================================== % 
% Appendix Figure A1
% ==================================================================== % 

colordef white
figure(1)
 orient landscape;
 subplot(3,3,1),plot(dat,y_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,y_non, 'k--','Linewidth',1);
		plot(dat,y_dur, 'k-','Linewidth',1);
		hold off;
 title('GDP'); 
 legend('All Prices Sticky', 'Sticky Nondurables Prices', 'Sticky Investment Prices', 1);
% xlabel('Production');
% ylabel('Deviation from Steady State (%)');
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,2),plot(dat,c_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,c_non, 'k--','Linewidth',1);
		plot(dat,c_dur, 'k-','Linewidth',1);
		hold off;
 title('Nondurable Production'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,3),plot(dat,i_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,i_non, 'k--','Linewidth',1);
		plot(dat,i_dur, 'k-','Linewidth',1);
		hold off;
 title('Investment Production'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,4),plot(dat,P_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,P_non, 'k--','Linewidth',1);
		plot(dat,P_dur, 'k-','Linewidth',1);
		hold off;
 title('Aggregate Price Level'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,5),plot(dat,pc_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,pc_non, 'k--','Linewidth',1);
		plot(dat,pc_dur, 'k-','Linewidth',1);
		hold off;
 title('Nondurable Prices'); 
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,6),plot(dat,pi_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,pi_non, 'k--','Linewidth',1);
		plot(dat,pi_dur, 'k-','Linewidth',1);
		hold off;
 title('Investment Prices');
 set(gca,'YGrid','on')
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,7),plot(dat,n_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,n_non, 'k--','Linewidth',1);
		plot(dat,n_dur, 'k-','Linewidth',1);
		hold off;
 title('Nominal Interest Rate'); 
 xlabel('Quarters');
 set(gca,'YGrid','on')
% set(gca,'YLim',[-.2 .2]);
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,8),plot(dat,rc_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,rc_non, 'k--','Linewidth',1);
		plot(dat,rc_dur, 'k-','Linewidth',1);
		hold off;
 title('Real rate: Nondurables');
 xlabel('Quarters');
 set(gca,'YGrid','on')
% set(gca,'YLim',[-.2 .2]);
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);


 subplot(3,3,9),plot(dat,rd_all,'k-','Linewidth', 3, 'Color', [.5 .5 .5]);
		hold on;
		plot(dat,rd_non, 'k--','Linewidth',1);
		plot(dat,rd_dur, 'k-','Linewidth',1);
		hold off;
 title('Real rate: Investment');
 xlabel('Quarters');
 set(gca,'YGrid','on')
 set(gca,'YLim',[-1 1]);
 set(gca,'XLim',[1 nplot]);
 set(gca,'XTick',[1 26 51 76 101 151 201 301]);
 set(gca,'XTicklabel',[0 1 2 3 4 6 8 12]);
 set(gca,'FontSize',[8]);













gen_table.m
% ============================================================================== %
% gen_table.m
%
% This program generates the sensitivity table
%
% C. House 7/24/05
% ============================================================================== %

clc;
clear all;
global mode;	

% Global Parameters 

global h beta nimpdat nplot A phi rho msig M v CY N alpha

QDAT		= zeros(6,10);	% Store data here

% ============================================================================== %
% COMMON PARAMETERS
% ============================================================================== %

rho 	= .02;			% annual continuous time discount
rho2	= .0001;		% annual continuous time AR for money
h 	= 1/100;
beta 	= exp(-rho*h);		% discrete time discount
nimpdat = 20/h;			% number of steps in impulse response i.e. 20/h is 20 years.
nplot	= 1 + 3/h;		% number of steps in plot i.e. 1/h is 1 year. 
A	= 1;			% scaling parameter
phi	= 0;			% elasticity of substitution between durables and non -- 1604 critical...
alpha	= .35;			% Capital's share
rho   	= exp(-rho2*h);		% autoregressive component of the money shock 
msig  	= .0085;		% standard dev of the money process.
M     	= 100;			% total money supply
v     	= 1;			% "velocity" of money
CY	= 3/4;			% C/Y ratio in steady state.
N 	= 1;			% steady state labor supply.


% thetas

% SYMMETRIC PRICE RIGIDITY

theta1	= 8.3178;	% 1 mth
theta1	= 2.7726;	% 3 mth
theta1	= 1.3863;	% 6 mth
theta1	= .6931;	% 1 yr
theta1	= .3466;	% 2 yr
theta2	= theta1;
theta_c = exp(-theta1*h);	% discrete time calvo (C)
theta_x = exp(-theta2*h);	% discrete time calvo (I)




% ============================================================================== %
% VARIABLE PARAMETERS
% ============================================================================== %

dep_list 	= [.001 .01 .02 .05 .1 .25];
nu_list		= [.1 .5  1  5  10];
s_list		= [.01 .1 .2 .5 1];


for DEP		= 1:6;

d	= dep_list(DEP);
delta 	= h*d;			% discrete time depreciation
delta	= 1 - exp(-d*h); 

s = 1; 

for NU 	= 1:5;

nu	= nu_list(NU);

[dat, imptech, rint_dur, ...
 Pindex, Navg, Cavg, Xavg, ... 
 Yavg, real_int_avg, nom_int_avg, ...
 ypos, cpos, xpos, pcpos, pxpos, ... 
 intpos, rintpos, q_zero] 	= sub_durable_tab(theta_c, theta_x, delta, nu, s);  

QDAT(DEP,NU)	= q_zero;

end;

nu = 1;

for S = 1:5;

s	= s_list(S);

[dat, imptech, rint_dur, ...
 Pindex, Navg, Cavg, Xavg, ... 
 Yavg, real_int_avg, nom_int_avg, ...
 ypos, cpos, xpos, pcpos, pxpos, ... 
 intpos, rintpos, q_zero] 	= sub_durable_tab(theta_c, theta_x, delta, nu, s);  

QDAT(DEP,S+5)	= q_zero;

end;

end;

QDAT









sub_cap.m
% ======================================================================= %
% sub_cap.m
%
% Subroutine that produces graphs for a model with capital. 
% 
% C. House 6/08/05
% ======================================================================= %


function 	[dat, imptech, rint_dur, ...
		 Pindex, ypos, cpos, ipos, ...
		 pcpos, pipos, intpos, rint]	= sub_cap(theta_c, theta_x);  

global h beta delta nimpdat nplot nu s A phi rho msig M v CY N alpha

% ======================================================================= %
% Nonstochastic steady state:                                    
% ======================================================================= %

mkp  	= .1; 					% steady state markup in C sector
eps   	= (1+mkp)/mkp; 				% elasticity of demand in C sector. 
R 	= (1/beta) - 1 + delta;			% real price of K
KN	= ((1+mkp)*R/alpha)^(1/(alpha-1));	% KN ratio -- same in I and C.
N	= 1;					% Total employment
K	= N*KN; 				% Capital stock
I	= delta*K; 				% Investment
Ni	= I/(A*(K^alpha));			% Labor in the investment sector
Nc	= N - Ni;				% Labor in the consumption sector
Ki	= KN*Ni;
Kc	= KN*Nc;
C	= A*Nc*K^alpha;				% production in the consumption sector.
Pi	= M*v/(I+C);				% Nominal price of durables.
Pc	= Pi;					% Nominal price of consumption.
Y	= Pi*(I+C);				% GDP;
W	= Pi*(1-alpha)*I/Ni;			% Nominal wages. 
R 	= R*Pi; 
int  	= 1/beta;				% steady state nominal interest rate (gross)!

CY	= (Pi*C)/Y; 

gprime  = 0;
theta_i	= theta_x;

%******************************************************************
%**** Begin setup for constructing log-linear system coef matrix **
%******************************************************************

nlead = 1;  % Number of leads in system 
nlag  = 1;  % Number of lags in system 


% ============================================================================ %
% Variables.
% c,i,k,N,y,M,pi,pc,kc,ki,nc,ni,mc,pstar_c,pstar_i,w,r,...
% ...mark_c,mark_i,relp,int,Q,infl,e_m (24 of them)
%
% notes: y is "real GDP", mark is the markup P/MC, relp is the relative 
% price and e_m is the money shock. 
% ============================================================================ %

xnum = 24; 		%  Number of variables in system 
neq = xnum;            	%  Number of equations (same)

% ======================================================================= %
% Position counters
% ======================================================================= %

% These are position indicators for leads and lags in constructing the coefficient matrix 
%                                                         
% Remember: All shock variables must be placed last in the system!

cpos  		=  1;
ipos  		=  2;
kpos  		=  3;
Npos  		=  4;
ypos  		=  5;
Mpos  		=  6;
pipos   	=  7;
pcpos   	=  8;
kcpos		=  9;
kipos		= 10;
ncpos		= 11;
nipos		= 12;
mcpos		= 13;
pstar_cpos	= 14;
pstar_ipos	= 15;
wpos		= 16;
rpos		= 17;
mark_cpos	= 18;
mark_ipos	= 19;
relppos		= 20;
intpos		= 21;
Qpos		= 22;
inflpos		= 23;
e_mpos 		= 24;

colzero = 0+nlag*xnum;        % Position counter for start of contemp. coefs 
			      % i.e. if there is one lag and 5 equations then the "first"
			      % contemporaneous variable is at position 6 (6 = 1*5+cpos)
collead = 0+nlag*xnum+xnum;   % Position counter for start of lead coefs 
collag  = 0;                  % Position counter for start of lag coefs  

% Indicators for contemporanous coefs for each variable: 

czero  		= colzero+cpos;
izero  		= colzero+ipos;
kzero  		= colzero+kpos;
Nzero  		= colzero+Npos;
yzero  		= colzero+ypos;
Mzero  		= colzero+Mpos;
pizero  	= colzero+pipos;
pczero  	= colzero+pcpos;
kczero  	= colzero+kcpos;
kizero  	= colzero+kipos;
nczero  	= colzero+ncpos;
nizero  	= colzero+nipos;
mczero  	= colzero+mcpos;
pstar_czero  	= colzero+pstar_cpos;
pstar_izero  	= colzero+pstar_ipos;
wzero  		= colzero+wpos;
rzero  		= colzero+rpos;
mark_czero  	= colzero+mark_cpos;
mark_izero  	= colzero+mark_ipos;
relpzero  	= colzero+relppos;
intzero		= colzero+intpos;
Qzero		= colzero+Qpos;
inflzero	= colzero+inflpos;
e_mzero  	= colzero+e_mpos;

% Indicators for lead coefficients for each variable: 

clead  		= collead+cpos;
ilead  		= collead+ipos;
klead  		= collead+kpos;
Nlead  		= collead+Npos;
ylead  		= collead+ypos;
Mlead  		= collead+Mpos;
pilead  	= collead+pipos;
pclead  	= collead+pcpos;
kclead  	= collead+kcpos;
kilead  	= collead+kipos;
nclead  	= collead+ncpos;
nilead  	= collead+nipos;
mclead  	= collead+mcpos;
pstar_clead  	= collead+pstar_cpos;
pstar_ilead  	= collead+pstar_ipos;
wlead  		= collead+wpos;
rlead  		= collead+rpos;
mark_clead  	= collead+mark_cpos;
mark_ilead  	= collead+mark_ipos;
relplead  	= collead+relppos;
intlead		= collead+intpos;
Qlead		= collead+Qpos;
infllead	= collead+inflpos;
e_mlead  	= collead+e_mpos;


% Indicators for lag coefficients for each variable: 

clag  		= collag+cpos;
ilag  		= collag+ipos;
klag  		= collag+kpos;
Nlag  		= collag+Npos;
ylag  		= collag+ypos;
Mlag  		= collag+Mpos;
pilag  		= collag+pipos;
pclag  		= collag+pcpos;
kclag  		= collag+kcpos;
kilag  		= collag+kipos;
nclag  		= collag+ncpos;
nilag  		= collag+nipos;
mclag  		= collag+mcpos;
pstar_clag  	= collag+pstar_cpos;
pstar_ilag  	= collag+pstar_ipos;
wlag  		= collag+wpos;
rlag  		= collag+rpos;
mark_clag  	= collag+mark_cpos;
mark_ilag  	= collag+mark_ipos;
relplag  	= collag+relppos;
intlag		= collag+intpos;
Qlag		= collag+Qpos;
infllag		= collag+inflpos;
e_mlag  	= collag+e_mpos;

% ======================================================================= %
% Equations and the coefficient matrix (cof)
% ======================================================================= %

% Now I have one vector with all of the leads, lags, etc in one column and contemporaneous

% Determine number of coefficients per equation: 


ncoef = neq*(nlag+nlead+1);

cof = zeros(neq,ncoef);             % Coef matrix --- Each row is an equation

% Fill in the coefficient matrix (cof)

% Capital accumulation
% 0 = k(t) - k(t-1)*(1-delta) -delta*i(t)
cof(1,kzero) 	= 1;
cof(1,klag)  	= -(1-delta);
cof(1,izero) 	= -delta;


% total capital market
% 0 = k(t-1) - (Kc/K)*kc(t) - (Ki/K)*ki(t)
cof(2,klag)	= 1;
cof(2,kczero) 	= -(Kc/K);
cof(2,kizero)	= -(Ki/K);


% Euler equation
% 0 = (1/s)*c(t+1) - (1/s)*c(t) - pc(t) + Q(t) - (R*beta/Pi)*r(t+1) - (1-delta)*beta*Q(t+1) + pc(t+1)
cof(3,clead) 	= 1/s;
cof(3,czero)	= -1/s;
cof(3,pczero) 	= -1;
cof(3,Qzero) 	= 1;
cof(3,rlead)	= -R*beta/Pi;
cof(3,Qlead)	= -(1-delta)*beta;
cof(3,pclead)	= 1;


% labor supply
% 0 = (1/nu)*N(t) - w(t) + pc(t) + (1/s)*c(t)
cof(4,Nzero)	= 1/nu;
cof(4,wzero)	= -1;
cof(4,pczero)	= 1;
cof(4,czero)	= 1/s;


% total labor market.
% 0 = N(t) - (Nc/N)*nc(t) - (Ni/N)*ni(t)
cof(5,Nzero)	= 1;
cof(5,nczero)	= -Nc/N;
cof(5,nizero)	= -Ni/N;


% Investment production
% 0 = i(t) - alpha*ki(t) - (1-alpha)*ni(t)
cof(6,izero)	= 1;
cof(6,kizero) 	= -alpha;
cof(6,nizero)	= -(1-alpha);


% Mix of KN in inv sector
% 0 = w(t) - mc(t) - alpha*ki(t) + alpha*ni(t)
cof(7,wzero)	= 1;
cof(7,mczero) 	= -1;
cof(7,kizero)	= -alpha;
cof(7,nizero)	= alpha;


% Optimal reset inv sector
% 0 = pstar_i(t) - (1-(theta_i*beta))*mc(t) - theta_i*beta*pstar_i(t+1)
cof(8,pstar_izero) 	= 1;
cof(8,mczero)		= (theta_i*beta) - 1;
cof(8,pstar_ilead) 	= -(theta_i*beta);


% Marginal cost
% 0 = mc(t) - (1-alpha)*w(t) - alpha*r(t)
cof(9,mczero)	= 1;
cof(9,wzero)	= alpha-1;
cof(9,rzero)	= -alpha;


% Mix of KN in cons sector
% 0 = mc(t) - w(t) + alpha*kc(t) - alpha*nc(t)
cof(10,mczero)	= 1;
cof(10,wzero)	= -1;
cof(10,kczero)	= alpha;
cof(10,nczero) 	= -alpha;


% Optimal reset cons sector
% 0 = pstar_c(t) - (1-(theta_c*beta))*mc(t) - theta_c*beta*pstar_c(t+1)
cof(11,pstar_czero) 	= 1;
cof(11,mczero)		= (theta_c*beta) - 1;
cof(11,pstar_clead) 	= -(theta_c*beta);


% Price index cons sector
% 0 = pc(t) - theta_c*pc(t-1) - (1-theta_c)*pstar_c(t)
cof(12,pczero)		= 1;
cof(12,pclag)		= -theta_c;
cof(12,pstar_czero)	= -(1-theta_c);


% C output
% 0 = c(t) - alpha*kc(t) - (1-alpha)*nc(t)
cof(13,czero) 	= 1;
cof(13,kczero)	= -alpha;
cof(13,nczero)	= alpha - 1;


% Money demand
% 0 = M(t) + (vprime/M)*(1/beta)*int(t) - (Pi*I/Y)*pi(t) - (Pi*I/Y)*i(t)  - (Pc*C/Y)*pc(t) - (Pc*C/Y)*c(t)
cof(14,Mzero) 	= 1;
cof(14,pizero)	= -Pi*I/Y;
cof(14,izero)	= -Pi*I/Y;
cof(14,pczero)	= -Pc*C/Y;
cof(14,czero)	= -Pc*C/Y;


% Real GDP (fixed s.s. prices) 
% 0 = y(t) - (Pi*I/Y)*i(t) - (Pc*C/Y)*c(t)
cof(15,yzero) 	= 1;
cof(15,izero) 	= -Pi*I/Y;
cof(15,czero) 	= -Pc*C/Y;


% money supply
% 0 = M(t) - rho*M(t-1) - e_m(t)
cof(16,Mzero) 	= 1;
cof(16,Mlag)	= -rho;
cof(16,e_mzero)	= -1;


% consumption markup
% 0 = mark_c(t) - pc(t) + mc(t)
cof(17,mark_czero)= 1;
cof(17,pczero)	= -1;
cof(17,mczero) 	= 1;


% relative prices
% 0 = relp(t) - pc(t) + pi(t)
cof(18,relpzero)=1;
cof(18,pczero) 	= -1;
cof(18,pizero)  = 1;


% investment markup
% 0 = mark_i(t) - pi(t) + mc(t)
cof(19,mark_izero)= 1;
cof(19,pizero)	= -1;
cof(19,mczero) 	= 1;


% Price index inv sector
% 0 = pi(t) - theta_i*pi(t-1) - (1-theta_i)*pstar_i(t)
cof(20,pizero)		= 1;
cof(20,pilag)		= -theta_i;
cof(20,pstar_izero)	= -(1-theta_i);


% Nominal interest rate (gross!!)
% 0 = int(t) - c(t+1)/s + c(t)/s -pc(t+1) + pc(t)
cof(21,intzero) = 1;
cof(21,clead)	= -1/s;
cof(21,czero)	= 1/s;
cof(21,pclead)	= -1;
cof(21,pczero)	= 1;


% Price of new capital
% 0 = Q(t) - Pi(t) - nu*delta*I(t) + nu*delta*K(t)
cof(22,Qzero) 	= 1;
cof(22,pizero)	=-1;
cof(22,izero)	= -gprime*delta;
cof(22,klag)	= gprime*delta;


% inflation
% 0 = infl(t) - pc(t+1) + pc(t)
cof(23,inflzero) = 1;
cof(23,pclead) = -1;
cof(23,pczero) = 1;


% shock
% 0 = e_m(t)
cof(24,e_mzero)	= 1;


save cofcap.txt cof -ascii;

% ======================================================================= %
% 			  Solution Algorithm
% ======================================================================= %
%                                                                 
%  Solve a linear perfect foresight model using the gauss eig     
%  function to find the invariant subspace associated with the big 
%  roots.  This procedure will fail if the companion matrix is     
%  defective and does not have a linearly independent set of       
%  eigenvectors associated with the big roots.                     
%                                                                  
%  Input arguments:                                                
%                                                                  
%    h         Structural coef matrix (neq,neq*(nlag+1+nlag)).     
%    neq       Number of equations.                                
%    nlag      Number of lags.                                     
%    nlag     Number of lags.     (check!)!!!!!!!!!!!!!!!!                                 
%    condn     lag tolerance used as a condition number test       
%              by numeric_shift and reduced_form.                  
%    uprbnd    Inclusive upper bound for the modulus of roots      
%              allowed in the reduced form.                        
%                                                                  
%  Output arguments:                                               
%                                                                  
%    cofb      Reduced form coefficient matrix (neq,neq*nlag).     
%    scof      Observable Structure                                
%    amat      Companion form matrix                               
%    b         Contemporaneous coefficient matrix                  
%    Model satisfies:                                              
%                                                                  
%    z(t) = amat*z(t-1) + b*e(t)                                   
%                                                                  
%    where the first neq elements of z(t) are the contemporaneous  
%    values of the variables in the model                          
%    and e(t) is the shock vector of conformable dimension         
%                                                                  
%    rts       Roots returned by eig.                              
%    ia        Dimension of companion matrix (number of non-trivial
%              elements in rts).                                   
%    nexact    Number of exact shiftrights.                        
%    nnumeric  Number of numeric shiftrights.                      
%    lgroots   Number of roots greater in modulus than uprbnd.     
%    mcode     Return code: see function aimerr.                   
%*****************************************************************


% Use AIM procedure to solve model: 
uprbnd = 1+1e-8;    % Tolerance values for AIM program 
condn = 1e-8;

% ---------------------------------------------------------------------
% Run AIM
% ---------------------------------------------------------------------

[cofb,rts,ia,nex,nnum,lgrts,mcode] = ...
       aim_eig(cof,neq,nlag,nlead,condn,uprbnd);

scof = obstruct(cof,cofb,neq,nlag,nlead);

% need to calculate amat and b
% ===============================
s0 = scof(:,(neq*nlag+1):neq*(nlag+1)); 	%Contemp. coefs from obs. structure
amat=zeros(neq*nlag,neq*nlag);   		% Initialize A matrix 
bmat=cofb(1:neq,((nlag-1)*neq+1):nlag*neq);  	% Lag 1 coefficients 
i=2;
while i<=nlag;
  bmat=[bmat cofb(1:neq,((nlag-i)*neq+1):(nlag-i+1)*neq)]; % Lag i coefs 
  i=i+1;
end;
amat(1:neq,:)=bmat;  				% Coefs for equations 
if nlag>1;
 amat((length(cofb(:,1))+1):length(amat(:,1)),1:neq*(nlag-1))=eye(neq*(nlag-1));
end;
b = zeros(length(amat(:,1)),length(s0(1,:)));
b(1:length(s0(:,1)),1:length(s0(1,:))) = inv(s0);  % Store coefs 
%b=b(:,shockvec);

% ======================================================================= %
% Impulse Response Function
% ======================================================================= %

% Money shock

shock = zeros(neq,1);                        % Shock vector @
shock(e_mpos,1) = 1;                      % Shock variable, size of shock @
imptech = impf(amat,b,shock,nimpdat,neq);   % Call impulse respons proc @
dat=(1:nplot)';     			     % Date variable for plotting 

rint_dur	= imptech(1:nplot,intpos) + imptech(1:nplot,pipos) - imptech(2:nplot+1,pipos);
rint		= imptech(1:nplot,intpos) + imptech(1:nplot,pcpos) - imptech(2:nplot+1,pcpos);
Pindex		= imptech(1:nplot,pcpos)*CY + imptech(1:nplot,pipos)*(1-CY);





sub_durable.m
% ======================================================================= %
% sub_durable.m
%
% Basic subroutine for the durable goods model.   
%
% C. House 6/03/05
% ======================================================================= %


function [	dat, imptech, rint_dur, ...
		Pindex, Navg, Cavg, Xavg, ... 
		Yavg, real_int_avg, nom_int_avg, ...
		ypos, cpos, xpos, pcpos, pxpos, ... 
		intpos, rintpos] 		= sub_durable(theta_c, theta_x);


global h beta delta nimpdat nplot nu s A phi rho msig M v CY N alpha


% ======================================================================= %
% Nonstochastic steady state:                                    
% ======================================================================= %

K = 1;

CX	= CY/(1-CY);		% ratio of non-durable to durable production.
Nx	= N/(1+CX);		% labor in the durable sector.
Nc	= N - Nx;		% labor in the consumption sector.
X	= A*Nx*K^alpha;		% production in the durables sector.
C	= A*Nc*K^alpha;		% production in the consumption sector.
Px	= M*v/(X+C);		% Nominal price of durables.
Pc	= Px;			% Nominal price of consumption.
Y	= Px*(X+C);		% GDP;
W	= Px*(1-alpha)*X/Nx;	% Nominal wages. 

D	= X/delta;		% stock of durables.
CD 	= C/D;			% steady state ratio of C to D.


%******************************************************************
%**** Begin setup for constructing log-linear system coef matrix **
%******************************************************************

nlead = 1;  % Number of leads in system 
nlag  = 1;  % Number of lags in system 


% ============================================================================ %
% Variables.
% c,x,d,N,y,M,px,pc,nc,nx,mc,pstar_c,pstar_x,w,u,int,rint,e_m (18 of them)
%
% ============================================================================ %

xnum = 18; 		%  Number of variables in system 
neq = xnum;            	%  Number of equations (same)

% ======================================================================= %
% Position counters
% ======================================================================= %

% These are position indicators for leads and lags in constructing the coefficient matrix 
%                                                         
% Remember: All shock variables must be placed last in the system!

cpos  	=  1;
xpos  	=  2;
dpos  	=  3;
Npos  	=  4;
ypos  	=  5;
Mpos  	=  6;
pxpos   =  7;
pcpos   =  8;
ncpos	=  9;
nxpos	= 10;
mcpos	= 11;
pstar_cpos= 12;
pstar_xpos= 13;
wpos	= 14;
upos	= 15;
intpos	= 16;
rintpos = 17;
e_mpos 	= 18;

colzero = 0+nlag*xnum;        % Position counter for start of contemp. coefs 
			      % i.e. if there is one lag and 5 equations then the "first"
			      % contemporaneous variable is at position 6 (6 = 1*5+cpos)
collead = 0+nlag*xnum+xnum;   % Position counter for start of lead coefs 
collag  = 0;                  % Position counter for start of lag coefs  


% Indicators for contemporanous coefs for each variable: 

colcount = colzero;

czero		= colcount+cpos;
xzero		= colcount+xpos;
dzero		= colcount+dpos;
Nzero		= colcount+Npos;
yzero		= colcount+ypos;
Mzero		= colcount+Mpos;
pxzero		= colcount+pxpos;
pczero		= colcount+pcpos;
nczero		= colcount+ncpos;
nxzero		= colcount+nxpos;
mczero		= colcount+mcpos;
pstar_czero	= colcount+pstar_cpos;
pstar_xzero	= colcount+pstar_xpos;
wzero		= colcount+wpos;
uzero		= colcount+upos;
intzero		= colcount+intpos;
rintzero	= colcount+rintpos;
e_mzero		= colcount+e_mpos;

% Indicators for lead coefficients for each variable: 

colcount = collead;

clead		= colcount+cpos;
xlead		= colcount+xpos;
dlead		= colcount+dpos;
Nlead		= colcount+Npos;
ylead		= colcount+ypos;
Mlead		= colcount+Mpos;
pxlead		= colcount+pxpos;
pclead		= colcount+pcpos;
nclead		= colcount+ncpos;
nxlead		= colcount+nxpos;
mclead		= colcount+mcpos;
pstar_clead	= colcount+pstar_cpos;
pstar_xlead	= colcount+pstar_xpos;
wlead		= colcount+wpos;
ulead		= colcount+upos;
intlead		= colcount+intpos;
rintlead	= colcount+rintpos;
e_mlead		= colcount+e_mpos;

% Indicators for lag coefficients for each variable: 

colcount = collag;

clag		= colcount+cpos;
xlag		= colcount+xpos;
dlag		= colcount+dpos;
Nlag		= colcount+Npos;
ylag		= colcount+ypos;
Mlag		= colcount+Mpos;
pxlag		= colcount+pxpos;
pclag		= colcount+pcpos;
nclag		= colcount+ncpos;
nxlag		= colcount+nxpos;
mclag		= colcount+mcpos;
pstar_clag	= colcount+pstar_cpos;
pstar_xlag	= colcount+pstar_xpos;
wlag		= colcount+wpos;
ulag		= colcount+upos;
intlag		= colcount+intpos;
rintlag		= colcount+rintpos;
e_mlag		= colcount+e_mpos;

% ======================================================================= %
% Equations and the coefficient matrix (cof)
% ======================================================================= %

% Now I have one vector with all of the leads, lags, etc in one column and contemporaneous

% Determine number of coefficients per equation: 


ncoef = neq*(nlag+nlead+1);

cof = zeros(neq,ncoef);             % Coef matrix --- Each row is an equation

% Fill in the coefficient matrix (cof)

% Capital accumulation
% 0 = d(t) - d(t-1)*(1-delta) -delta*x(t)
cof(1,dzero) 	= 1;
cof(1,dlag)  	= -(1-delta);
cof(1,xzero) 	= -delta;


% Euler equation
tempu = 1 - (1/s) - phi;
temp2 = beta*(1-delta)*(phi-1);
temp3 = beta*(1-delta);
% 0 = temp2*c(t+1) + temp3*px(t+1) - temp3*pc(t+1) + ( 1 - beta*(1-delta) )*(phi-1)*d(t) + tempu*u(t+1)...
% ... -tempu*u(t) - (phi-1)*c(t) - px(t) + pc(t)
cof(2,clead) 	= temp2;
cof(2,pxlead) 	= temp3;
cof(2,pclead) 	= -temp3;
cof(2,dzero) 	= ( 1 - beta*(1-delta) )*(phi-1);
cof(2,ulead) 	= tempu;
cof(2,uzero)	= -tempu;
cof(2,czero)	= -(phi-1);
cof(2,pxzero)	= -1;
cof(2,pczero)	= 1;


% labor supply
% 0 = (1/nu)*N(t) - w(t) + pc(t) - tempu*u(t) - (phi-1)*c(t)
cof(3,Nzero)	= 1/nu;
cof(3,wzero)	= -1;
cof(3,pczero)	= 1;
cof(3,uzero)	= -tempu;
cof(3,czero)	= -(phi-1);


% total labor market.
% 0 = N(t) - (Nc/N)*nc(t) - (Nx/N)*nx(t)
cof(4,Nzero)	= 1;
cof(4,nczero)	= -Nc/N;
cof(4,nxzero)	= -Nx/N;


% Durables Production
% 0 = x(t) - nx(t)
%cof(5,xzero)	= 1;
%cof(5,nxzero)	= -(1-alpha);	% adj for diminishing returns
cof(5,xzero)	= 1;
cof(5,nxzero)	= -1;	
cof(5,Nzero)	= alpha;	% adj for diminishing returns


% Consumption Production
% 0 = c(t) - nc(t)
%cof(6,czero)	= 1;
%cof(6,nczero)	= -(1-alpha);
cof(6,czero)	= 1;
cof(6,nczero)	= -1;	
cof(6,Nzero)	= alpha;	% adj for diminishing returns



% Utility flow
temp1 = (1/beta) - (1-delta);
temp2 = CD + temp1;
% 0 = u(t) - CD/temp2*c(t) - temp1/temp2*d(t);
cof(7,uzero)	= 1;
cof(7,czero) 	= -CD/temp2;
cof(7,dlag)	= -temp1/temp2;


% Optimal reset durables sector
% 0 = pstar_x(t) - (1-(theta_x*beta))*mc(t) - theta_x*beta*pstar_x(t+1)
cof(8,pstar_xzero) 	= 1;
cof(8,mczero)		= (theta_x*beta) - 1;
cof(8,pstar_xlead) 	= -(theta_x*beta);


% Marginal cost
% 0 = mc(t) - w(t) - alpha*N(t)
cof(9,mczero)	= 1;
cof(9,wzero)	= -1;
cof(9,Nzero)	= -alpha;


% Optimal reset cons sector
% 0 = pstar_c(t) - (1-(theta_c*beta))*mc(t) - theta_c*beta*pstar_c(t+1)
cof(10,pstar_czero) 	= 1;
cof(10,mczero)		= (theta_c*beta) - 1;
cof(10,pstar_clead) 	= -(theta_c*beta);


% Price index cons sector
% 0 = pc(t) - theta_c*pc(t-1) - (1-theta_c)*pstar_c(t)
cof(11,pczero)		= 1;
cof(11,pclag)		= -theta_c;
cof(11,pstar_czero)	= -(1-theta_c);


% Money demand
% 0 = M(t) + (vprime/M)*(1/beta)*int(t) - (Px*X/Y)*px(t) - (Px*X/Y)*i(t)  - (Pc*C/Y)*pc(t) - (Pc*C/Y)*c(t)
cof(12,Mzero) 	= 1;
cof(12,pxzero)	= -Px*X/Y;
cof(12,xzero)	= -Px*X/Y;
cof(12,pczero)	= -Pc*C/Y;
cof(12,czero)	= -Pc*C/Y;


% Real GDP (fixed s.s. prices) 
% 0 = y(t) - (Px*X/Y)*x(t) - (Pc*C/Y)*c(t)
cof(13,yzero) 	= 1;
cof(13,xzero) 	= -Px*X/Y;
cof(13,czero) 	= -Pc*C/Y;


% money supply
% 0 = M(t) - rho*M(t-1) - e_m(t)
cof(14,Mzero) 	= 1;
cof(14,Mlag)	= -rho;
cof(14,e_mzero)	= -1;


% Price index inv sector
% 0 = px(t) - theta_x*px(t-1) - (1-theta_x)*pstar_x(t)
cof(15,pxzero)		= 1;
cof(15,pxlag)		= -theta_x;
cof(15,pstar_xzero)	= -(1-theta_x);


% Nominal interest rate. (NET!! -- point changes! .. i.e. .01 means a the interest rate is 1 per point higher. 
tempu = 1 - (1/s) - phi;
% 0 = tempu*u(t) + (phi-1)*c(t) - tempu*u(t+1) - (phi-1)*c(t+1) -beta*int(t) - pc(t) + pc(t+1);
cof(16,uzero) 	= tempu;
cof(16,czero) 	= (phi-1);
cof(16,ulead) 	= -tempu;
cof(16,clead) 	= 1-phi;
cof(16,intzero)	= -beta;
cof(16,pczero) 	= -1;
cof(16,pclead) 	= 1;


% real interest rate (rint)
% 0 = beta*rint(t) - beta*int(t) - pc(t) + pc(t+1)
cof(17,rintzero)= beta;
cof(17,intzero) = -beta;
cof(17,pczero) 	= -1;
cof(17,pclead) 	= 1;


% shock
% 0 = e_m(t)
cof(18,e_mzero)	= 1;


% ======================================================================= %
% 			  Solution Algorithm
% ======================================================================= %
%                                                                 
%  Solve a linear perfect foresight model using the gauss eig     
%  function to find the invariant subspace associated with the big 
%  roots.  This procedure will fail if the companion matrix is     
%  defective and does not have a linearly independent set of       
%  eigenvectors associated with the big roots.                     
%                                                                  
%  Input arguments:                                                
%                                                                  
%    h         Structural coef matrix (neq,neq*(nlag+1+nlag)).     
%    neq       Number of equations.                                
%    nlag      Number of lags.                                     
%    nlag     Number of lags.     (check!)!!!!!!!!!!!!!!!!                                 
%    condn     lag tolerance used as a condition number test       
%              by numeric_shift and reduced_form.                  
%    uprbnd    Inclusive upper bound for the modulus of roots      
%              allowed in the reduced form.                        
%                                                                  
%  Output arguments:                                               
%                                                                  
%    cofb      Reduced form coefficient matrix (neq,neq*nlag).     
%    scof      Observable Structure                                
%    amat      Companion form matrix                               
%    b         Contemporaneous coefficient matrix                  
%    Model satisfies:                                              
%                                                                  
%    z(t) = amat*z(t-1) + b*e(t)                                   
%                                                                  
%    where the first neq elements of z(t) are the contemporaneous  
%    values of the variables in the model                          
%    and e(t) is the shock vector of conformable dimension         
%                                                                  
%    rts       Roots returned by eig.                              
%    ia        Dimension of companion matrix (number of non-trivial
%              elements in rts).                                   
%    nexact    Number of exact shiftrights.                        
%    nnumeric  Number of numeric shiftrights.                      
%    lgroots   Number of roots greater in modulus than uprbnd.     
%    mcode     Return code: see function aimerr.                   
%*****************************************************************


% Use AIM procedure to solve model: 
uprbnd = 1+1e-8;    % Tolerance values for AIM program 
condn = 1e-8;

% ---------------------------------------------------------------------
% Run AIM
% ---------------------------------------------------------------------


[cofb,rts,ia,nex,nnum,lgrts,mcode] = ...
       aim_eig(cof,neq,nlag,nlead,condn,uprbnd);

scof = obstruct(cof,cofb,neq,nlag,nlead);

% need to calculate amat and b
% ===============================
s0 = scof(:,(neq*nlag+1):neq*(nlag+1)); 	%Contemp. coefs from obs. structure
amat=zeros(neq*nlag,neq*nlag);   		% Initialize A matrix 
bmat=cofb(1:neq,((nlag-1)*neq+1):nlag*neq);  	% Lag 1 coefficients 
i=2;
while i<=nlag;
  bmat=[bmat cofb(1:neq,((nlag-i)*neq+1):(nlag-i+1)*neq)]; % Lag i coefs 
  i=i+1;
end;
amat(1:neq,:)=bmat;  				% Coefs for equations 
if nlag>1;
 amat((length(cofb(:,1))+1):length(amat(:,1)),1:neq*(nlag-1))=eye(neq*(nlag-1));
end;
b = zeros(length(amat(:,1)),length(s0(1,:)));
b(1:length(s0(:,1)),1:length(s0(1,:))) = inv(s0);  % Store coefs 
%b=b(:,shockvec);


% ======================================================================= %
% Impulse Response Function
% ======================================================================= %

% Money shock

shock = zeros(neq,1);         			% Shock vector @
shock(e_mpos,1) = 1;                    	% Shock variable, size of shock @
imptech = impf(amat,b,shock,nimpdat,neq);	% Call impulse respons proc @
dat=(1:nplot)';     			  	% Date variable for plotting 

rint_dur	= imptech(1:nplot,intpos) + imptech(1:nplot,pxpos) - imptech(2:nplot+1,pxpos);
Pindex		= imptech(1:nplot,pcpos)*CY + imptech(1:nplot,pxpos)*(1-CY);

rint_dur = rint_dur; % 

qtr = (1/h)/4;

Navg = mean(imptech(1:qtr,Npos));

Cavg = mean(imptech(1:qtr,cpos));

Xavg = mean(imptech(1:qtr,xpos));

Yavg = mean(imptech(1:qtr,ypos));

real_int_avg = 100*mean(imptech(1:qtr,rintpos)); % I am annualizing them!

nom_int_avg = 100*mean(imptech(1:qtr,intpos));






sub_durable_tab.m
% ======================================================================= %
% sub_durable_tab.m
%
% Basic subroutine for the durable goods model.   
%
% C. House 7/24/05
% ======================================================================= %


function [	dat, imptech, rint_dur, ...
		Pindex, Navg, Cavg, Xavg, ... 
		Yavg, real_int_avg, nom_int_avg, ...
		ypos, cpos, xpos, pcpos, pxpos, ... 
		intpos, rintpos, q_zero] 	= sub_durable_tab(theta_c, theta_x, delta, nu, s);  


global h beta nimpdat nplot A phi rho msig M v CY N alpha


% ======================================================================= %
% Nonstochastic steady state:                                    
% ======================================================================= %

K = 1;

CX	= CY/(1-CY);		% ratio of non-durable to durable production.
Nx	= N/(1+CX);		% labor in the durable sector.
Nc	= N - Nx;		% labor in the consumption sector.
X	= A*Nx*K^alpha;		% production in the durables sector.
C	= A*Nc*K^alpha;		% production in the consumption sector.
Px	= M*v/(X+C);		% Nominal price of durables.
Pc	= Px;			% Nominal price of consumption.
Y	= Px*(X+C);		% GDP;
W	= Px*(1-alpha)*X/Nx;	% Nominal wages. 

D	= X/delta;		% stock of durables.
CD 	= C/D;			% steady state ratio of C to D.


%******************************************************************
%**** Begin setup for constructing log-linear system coef matrix **
%******************************************************************

nlead = 1;  % Number of leads in system 
nlag  = 1;  % Number of lags in system 


% ============================================================================ %
% Variables.
% c,x,d,N,y,M,px,pc,nc,nx,mc,pstar_c,pstar_x,w,u,int,rint,e_m (18 of them)
%
% ============================================================================ %

xnum = 18; 		%  Number of variables in system 
neq = xnum;            	%  Number of equations (same)

% ======================================================================= %
% Position counters
% ======================================================================= %

% These are position indicators for leads and lags in constructing the coefficient matrix 
%                                                         
% Remember: All shock variables must be placed last in the system!

cpos  	=  1;
xpos  	=  2;
dpos  	=  3;
Npos  	=  4;
ypos  	=  5;
Mpos  	=  6;
pxpos   =  7;
pcpos   =  8;
ncpos	=  9;
nxpos	= 10;
mcpos	= 11;
pstar_cpos= 12;
pstar_xpos= 13;
wpos	= 14;
upos	= 15;
intpos	= 16;
rintpos = 17;
e_mpos 	= 18;

colzero = 0+nlag*xnum;        % Position counter for start of contemp. coefs 
			      % i.e. if there is one lag and 5 equations then the "first"
			      % contemporaneous variable is at position 6 (6 = 1*5+cpos)
collead = 0+nlag*xnum+xnum;   % Position counter for start of lead coefs 
collag  = 0;                  % Position counter for start of lag coefs  


% Indicators for contemporanous coefs for each variable: 

colcount = colzero;

czero		= colcount+cpos;
xzero		= colcount+xpos;
dzero		= colcount+dpos;
Nzero		= colcount+Npos;
yzero		= colcount+ypos;
Mzero		= colcount+Mpos;
pxzero		= colcount+pxpos;
pczero		= colcount+pcpos;
nczero		= colcount+ncpos;
nxzero		= colcount+nxpos;
mczero		= colcount+mcpos;
pstar_czero	= colcount+pstar_cpos;
pstar_xzero	= colcount+pstar_xpos;
wzero		= colcount+wpos;
uzero		= colcount+upos;
intzero		= colcount+intpos;
rintzero	= colcount+rintpos;
e_mzero		= colcount+e_mpos;

% Indicators for lead coefficients for each variable: 

colcount = collead;

clead		= colcount+cpos;
xlead		= colcount+xpos;
dlead		= colcount+dpos;
Nlead		= colcount+Npos;
ylead		= colcount+ypos;
Mlead		= colcount+Mpos;
pxlead		= colcount+pxpos;
pclead		= colcount+pcpos;
nclead		= colcount+ncpos;
nxlead		= colcount+nxpos;
mclead		= colcount+mcpos;
pstar_clead	= colcount+pstar_cpos;
pstar_xlead	= colcount+pstar_xpos;
wlead		= colcount+wpos;
ulead		= colcount+upos;
intlead		= colcount+intpos;
rintlead	= colcount+rintpos;
e_mlead		= colcount+e_mpos;

% Indicators for lag coefficients for each variable: 

colcount = collag;

clag		= colcount+cpos;
xlag		= colcount+xpos;
dlag		= colcount+dpos;
Nlag		= colcount+Npos;
ylag		= colcount+ypos;
Mlag		= colcount+Mpos;
pxlag		= colcount+pxpos;
pclag		= colcount+pcpos;
nclag		= colcount+ncpos;
nxlag		= colcount+nxpos;
mclag		= colcount+mcpos;
pstar_clag	= colcount+pstar_cpos;
pstar_xlag	= colcount+pstar_xpos;
wlag		= colcount+wpos;
ulag		= colcount+upos;
intlag		= colcount+intpos;
rintlag		= colcount+rintpos;
e_mlag		= colcount+e_mpos;

% ======================================================================= %
% Equations and the coefficient matrix (cof)
% ======================================================================= %

% Now I have one vector with all of the leads, lags, etc in one column and contemporaneous

% Determine number of coefficients per equation: 


ncoef = neq*(nlag+nlead+1);

cof = zeros(neq,ncoef);             % Coef matrix --- Each row is an equation

% Fill in the coefficient matrix (cof)

% Capital accumulation
% 0 = d(t) - d(t-1)*(1-delta) -delta*x(t)
cof(1,dzero) 	= 1;
cof(1,dlag)  	= -(1-delta);
cof(1,xzero) 	= -delta;


% Euler equation
tempu = 1 - (1/s) - phi;
temp2 = beta*(1-delta)*(phi-1);
temp3 = beta*(1-delta);
% 0 = temp2*c(t+1) + temp3*px(t+1) - temp3*pc(t+1) + ( 1 - beta*(1-delta) )*(phi-1)*d(t) + tempu*u(t+1)...
% ... -tempu*u(t) - (phi-1)*c(t) - px(t) + pc(t)
cof(2,clead) 	= temp2;
cof(2,pxlead) 	= temp3;
cof(2,pclead) 	= -temp3;
cof(2,dzero) 	= ( 1 - beta*(1-delta) )*(phi-1);
cof(2,ulead) 	= tempu;
cof(2,uzero)	= -tempu;
cof(2,czero)	= -(phi-1);
cof(2,pxzero)	= -1;
cof(2,pczero)	= 1;


% labor supply
% 0 = (1/nu)*N(t) - w(t) + pc(t) - tempu*u(t) - (phi-1)*c(t)
cof(3,Nzero)	= 1/nu;
cof(3,wzero)	= -1;
cof(3,pczero)	= 1;
cof(3,uzero)	= -tempu;
cof(3,czero)	= -(phi-1);


% total labor market.
% 0 = N(t) - (Nc/N)*nc(t) - (Nx/N)*nx(t)
cof(4,Nzero)	= 1;
cof(4,nczero)	= -Nc/N;
cof(4,nxzero)	= -Nx/N;


% Durables Production
% 0 = x(t) - nx(t)
%cof(5,xzero)	= 1;
%cof(5,nxzero)	= -(1-alpha);	% adj for diminishing returns
cof(5,xzero)	= 1;
cof(5,nxzero)	= -1;	
cof(5,Nzero)	= alpha;	% adj for diminishing returns


% Consumption Production
% 0 = c(t) - nc(t)
%cof(6,czero)	= 1;
%cof(6,nczero)	= -(1-alpha);
cof(6,czero)	= 1;
cof(6,nczero)	= -1;	
cof(6,Nzero)	= alpha;	% adj for diminishing returns



% Utility flow
temp1 = (1/beta) - (1-delta);
temp2 = CD + temp1;
% 0 = u(t) - CD/temp2*c(t) - temp1/temp2*d(t);
cof(7,uzero)	= 1;
cof(7,czero) 	= -CD/temp2;
cof(7,dlag)	= -temp1/temp2;


% Optimal reset durables sector
% 0 = pstar_x(t) - (1-(theta_x*beta))*mc(t) - theta_x*beta*pstar_x(t+1)
cof(8,pstar_xzero) 	= 1;
cof(8,mczero)		= (theta_x*beta) - 1;
cof(8,pstar_xlead) 	= -(theta_x*beta);


% Marginal cost
% 0 = mc(t) - w(t) - alpha*N(t)
cof(9,mczero)	= 1;
cof(9,wzero)	= -1;
cof(9,Nzero)	= -alpha;


% Optimal reset cons sector
% 0 = pstar_c(t) - (1-(theta_c*beta))*mc(t) - theta_c*beta*pstar_c(t+1)
cof(10,pstar_czero) 	= 1;
cof(10,mczero)		= (theta_c*beta) - 1;
cof(10,pstar_clead) 	= -(theta_c*beta);


% Price index cons sector
% 0 = pc(t) - theta_c*pc(t-1) - (1-theta_c)*pstar_c(t)
cof(11,pczero)		= 1;
cof(11,pclag)		= -theta_c;
cof(11,pstar_czero)	= -(1-theta_c);


% Money demand
% 0 = M(t) + (vprime/M)*(1/beta)*int(t) - (Px*X/Y)*px(t) - (Px*X/Y)*i(t)  - (Pc*C/Y)*pc(t) - (Pc*C/Y)*c(t)
cof(12,Mzero) 	= 1;
cof(12,pxzero)	= -Px*X/Y;
cof(12,xzero)	= -Px*X/Y;
cof(12,pczero)	= -Pc*C/Y;
cof(12,czero)	= -Pc*C/Y;


% Real GDP (fixed s.s. prices) 
% 0 = y(t) - (Px*X/Y)*x(t) - (Pc*C/Y)*c(t)
cof(13,yzero) 	= 1;
cof(13,xzero) 	= -Px*X/Y;
cof(13,czero) 	= -Pc*C/Y;


% money supply
% 0 = M(t) - rho*M(t-1) - e_m(t)
cof(14,Mzero) 	= 1;
cof(14,Mlag)	= -rho;
cof(14,e_mzero)	= -1;


% Price index inv sector
% 0 = px(t) - theta_x*px(t-1) - (1-theta_x)*pstar_x(t)
cof(15,pxzero)		= 1;
cof(15,pxlag)		= -theta_x;
cof(15,pstar_xzero)	= -(1-theta_x);


% Nominal interest rate. (NET!! -- point changes! .. i.e. .01 means a the interest rate is 1 per point higher. 
tempu = 1 - (1/s) - phi;
% 0 = tempu*u(t) + (phi-1)*c(t) - tempu*u(t+1) - (phi-1)*c(t+1) -beta*int(t) - pc(t) + pc(t+1);
cof(16,uzero) 	= tempu;
cof(16,czero) 	= (phi-1);
cof(16,ulead) 	= -tempu;
cof(16,clead) 	= 1-phi;
cof(16,intzero)	= -beta;
cof(16,pczero) 	= -1;
cof(16,pclead) 	= 1;


% real interest rate (rint)
% 0 = beta*rint(t) - beta*int(t) - pc(t) + pc(t+1)
cof(17,rintzero)= beta;
cof(17,intzero) = -beta;
cof(17,pczero) 	= -1;
cof(17,pclead) 	= 1;


% shock
% 0 = e_m(t)
cof(18,e_mzero)	= 1;


% ======================================================================= %
% 			  Solution Algorithm
% ======================================================================= %
%                                                                 
%  Solve a linear perfect foresight model using the gauss eig     
%  function to find the invariant subspace associated with the big 
%  roots.  This procedure will fail if the companion matrix is     
%  defective and does not have a linearly independent set of       
%  eigenvectors associated with the big roots.                     
%                                                                  
%  Input arguments:                                                
%                                                                  
%    h         Structural coef matrix (neq,neq*(nlag+1+nlag)).     
%    neq       Number of equations.                                
%    nlag      Number of lags.                                     
%    nlag     Number of lags.     (check!)!!!!!!!!!!!!!!!!                                 
%    condn     lag tolerance used as a condition number test       
%              by numeric_shift and reduced_form.                  
%    uprbnd    Inclusive upper bound for the modulus of roots      
%              allowed in the reduced form.                        
%                                                                  
%  Output arguments:                                               
%                                                                  
%    cofb      Reduced form coefficient matrix (neq,neq*nlag).     
%    scof      Observable Structure                                
%    amat      Companion form matrix                               
%    b         Contemporaneous coefficient matrix                  
%    Model satisfies:                                              
%                                                                  
%    z(t) = amat*z(t-1) + b*e(t)                                   
%                                                                  
%    where the first neq elements of z(t) are the contemporaneous  
%    values of the variables in the model                          
%    and e(t) is the shock vector of conformable dimension         
%                                                                  
%    rts       Roots returned by eig.                              
%    ia        Dimension of companion matrix (number of non-trivial
%              elements in rts).                                   
%    nexact    Number of exact shiftrights.                        
%    nnumeric  Number of numeric shiftrights.                      
%    lgroots   Number of roots greater in modulus than uprbnd.     
%    mcode     Return code: see function aimerr.                   
%*****************************************************************


% Use AIM procedure to solve model: 
uprbnd = 1+1e-8;    % Tolerance values for AIM program 
condn = 1e-8;

% ---------------------------------------------------------------------
% Run AIM
% ---------------------------------------------------------------------


[cofb,rts,ia,nex,nnum,lgrts,mcode] = ...
       aim_eig(cof,neq,nlag,nlead,condn,uprbnd);

scof = obstruct(cof,cofb,neq,nlag,nlead);

% need to calculate amat and b
% ===============================
s0 = scof(:,(neq*nlag+1):neq*(nlag+1)); 	%Contemp. coefs from obs. structure
amat=zeros(neq*nlag,neq*nlag);   		% Initialize A matrix 
bmat=cofb(1:neq,((nlag-1)*neq+1):nlag*neq);  	% Lag 1 coefficients 
i=2;
while i<=nlag;
  bmat=[bmat cofb(1:neq,((nlag-i)*neq+1):(nlag-i+1)*neq)]; % Lag i coefs 
  i=i+1;
end;
amat(1:neq,:)=bmat;  				% Coefs for equations 
if nlag>1;
 amat((length(cofb(:,1))+1):length(amat(:,1)),1:neq*(nlag-1))=eye(neq*(nlag-1));
end;
b = zeros(length(amat(:,1)),length(s0(1,:)));
b(1:length(s0(:,1)),1:length(s0(1,:))) = inv(s0);  % Store coefs 
%b=b(:,shockvec);


% ======================================================================= %
% Impulse Response Function
% ======================================================================= %

% Money shock

shock = zeros(neq,1);         			% Shock vector @
shock(e_mpos,1) = 1;                    	% Shock variable, size of shock @
imptech = impf(amat,b,shock,nimpdat,neq);	% Call impulse respons proc @
dat=(1:nplot)';     			  	% Date variable for plotting 

rint_dur	= imptech(1:nplot,intpos) + imptech(1:nplot,pxpos) - imptech(2:nplot+1,pxpos);
Pindex		= imptech(1:nplot,pcpos)*CY + imptech(1:nplot,pxpos)*(1-CY);

qtr = (1/h)/4;

Navg = mean(imptech(1:qtr,Npos));

Cavg = mean(imptech(1:qtr,cpos));

Xavg = mean(imptech(1:qtr,xpos));

Yavg = mean(imptech(1:qtr,ypos));

real_int_avg = mean(imptech(1:qtr,rintpos));

nom_int_avg = mean(imptech(1:qtr,intpos));

q_zero	= imptech(1,pxpos) - imptech(1,wpos) + (1/nu)*imptech(1,Npos); 





sub_non.m
% ======================================================================= %
% sub_non.m
%
% Basic subroutine for the model without durable goods.   
%
% C. House 6/03/05
% ======================================================================= %


function [	dat, imptech, ...
		Pindex, Navg, Cavg, ... 
		Yavg, real_int_avg, nom_int_avg, ...
		cpos, intpos, rintpos] 		= sub_non(theta_c);  


global h beta delta nimpdat nplot nu s A phi rho msig M v CY N alpha


% ======================================================================= %
% Nonstochastic steady state:                                    
% ======================================================================= %

K = 1;

Nc	= N;			% labor in the consumption sector.
C	= A*Nc*K^alpha;		% production in the consumption sector.
Pc	= M*v/C;		% Nominal price of durables.
Y	= Pc*C;			% GDP;
W	= Pc*(1-alpha)*C/Nc;	% Nominal wages. 


%******************************************************************
%**** Begin setup for constructing log-linear system coef matrix **
%******************************************************************

nlead = 1;  % Number of leads in system 
nlag  = 1;  % Number of lags in system 


% ============================================================================ %
% Variables.
% c,N,y,M,pc,nc,mc,pstar_c,w,int,rint,e_m (18 of them)
%
% ============================================================================ %

xnum = 12; 		%  Number of variables in system 
neq = xnum;            	%  Number of equations (same)

% ======================================================================= %
% Position counters
% ======================================================================= %

% These are position indicators for leads and lags in constructing the coefficient matrix 
%                                                         
% Remember: All shock variables must be placed last in the system!

cpos  	=  1;
Npos  	=  2;
ypos  	=  3;
Mpos  	=  4;
pcpos   =  5;
ncpos	=  6;
mcpos	=  7;
pstar_cpos= 8;
wpos	=  9;
intpos	= 10;
rintpos = 11;
e_mpos 	= 12;

colzero = 0+nlag*xnum;        % Position counter for start of contemp. coefs 
			      % i.e. if there is one lag and 5 equations then the "first"
			      % contemporaneous variable is at position 6 (6 = 1*5+cpos)
collead = 0+nlag*xnum+xnum;   % Position counter for start of lead coefs 
collag  = 0;                  % Position counter for start of lag coefs  


% Indicators for contemporanous coefs for each variable: 

colcount = colzero;

czero		= colcount+cpos;
Nzero		= colcount+Npos;
yzero		= colcount+ypos;
Mzero		= colcount+Mpos;
pczero		= colcount+pcpos;
nczero		= colcount+ncpos;
mczero		= colcount+mcpos;
pstar_czero	= colcount+pstar_cpos;
wzero		= colcount+wpos;
intzero		= colcount+intpos;
rintzero	= colcount+rintpos;
e_mzero		= colcount+e_mpos;

% Indicators for lead coefficients for each variable: 

colcount = collead;

clead		= colcount+cpos;
Nlead		= colcount+Npos;
ylead		= colcount+ypos;
Mlead		= colcount+Mpos;
pclead		= colcount+pcpos;
nclead		= colcount+ncpos;
mclead		= colcount+mcpos;
pstar_clead	= colcount+pstar_cpos;
wlead		= colcount+wpos;
intlead		= colcount+intpos;
rintlead	= colcount+rintpos;
e_mlead		= colcount+e_mpos;

% Indicators for lag coefficients for each variable: 

colcount = collag;

clag		= colcount+cpos;
Nlag		= colcount+Npos;
ylag		= colcount+ypos;
Mlag		= colcount+Mpos;
pclag		= colcount+pcpos;
nclag		= colcount+ncpos;
mclag		= colcount+mcpos;
pstar_clag	= colcount+pstar_cpos;
wlag		= colcount+wpos;
intlag		= colcount+intpos;
rintlag		= colcount+rintpos;
e_mlag		= colcount+e_mpos;


% ======================================================================= %
% Equations and the coefficient matrix (cof)
% ======================================================================= %

% Now I have one vector with all of the leads, lags, etc in one column and contemporaneous

% Determine number of coefficients per equation: 


ncoef = neq*(nlag+nlead+1);

cof = zeros(neq,ncoef);             % Coef matrix --- Each row is an equation

% Fill in the coefficient matrix (cof)


% labor supply
% 0 = (1/nu)*N(t) - w(t) + pc(t) + (1/s)c(t)
cof(1,Nzero)	= 1/nu;
cof(1,wzero)	= -1;
cof(1,pczero)	= 1;
cof(1,czero)	= (1/s);


% total labor market.
% 0 = N(t) - nc(t)
cof(2,Nzero)	= 1;
cof(2,nczero)	= -1;


% Consumption Production
% 0 = c(t) - nc(t)
cof(3,czero)	= 1;
cof(3,nczero)	= -(1-alpha);


% Marginal cost
% 0 = mc(t) - w(t) - alpha*N(t)
cof(4,mczero)	= 1;
cof(4,wzero)	= -1;
cof(4,Nzero)	= -alpha;


% Optimal reset cons sector
% 0 = pstar_c(t) - (1-(theta_c*beta))*mc(t) - theta_c*beta*pstar_c(t+1)
cof(5,pstar_czero) 	= 1;
cof(5,mczero)		= (theta_c*beta) - 1;
cof(5,pstar_clead) 	= -(theta_c*beta);


% Price index cons sector
% 0 = pc(t) - theta_c*pc(t-1) - (1-theta_c)*pstar_c(t)
cof(6,pczero)		= 1;
cof(6,pclag)		= -theta_c;
cof(6,pstar_czero)	= -(1-theta_c);


% Money demand
% 0 = M(t) + (vprime/M)*(1/beta)*int(t) - (Px*X/Y)*px(t) - (Px*X/Y)*i(t)  - (Pc*C/Y)*pc(t) - (Pc*C/Y)*c(t)
cof(7,Mzero) 	= 1;
cof(7,pczero)	= -Pc*C/Y;
cof(7,czero)	= -Pc*C/Y;


% Real GDP (fixed s.s. prices) 
% 0 = y(t) - c(t)
cof(8,yzero) 	= 1;
cof(8,czero) 	= -1;


% money supply
% 0 = M(t) - rho*M(t-1) - e_m(t)
cof(9,Mzero) 	= 1;
cof(9,Mlag)	= -rho;
cof(9,e_mzero)	= -1;


% Nominal interest rate. (NET!! -- point changes! .. i.e. .01 means a the interest rate is 1 per point higher. 

cof(10,czero) 	=  (1/s);
cof(10,clead) 	= -(1/s);
cof(10,intzero)	=  beta;
cof(10,pczero) 	=  1;
cof(10,pclead) 	= -1;


% real interest rate (rint)
% 0 = beta*rint(t) - beta*int(t) - pc(t) + pc(t+1)
cof(11,rintzero)= beta;
cof(11,intzero) = -beta;
cof(11,pczero) 	= -1;
cof(11,pclead) 	= 1;


% shock
% 0 = e_m(t)
cof(12,e_mzero)	= 1;


% ======================================================================= %
% 			  Solution Algorithm
% ======================================================================= %
%                                                                 
%  Solve a linear perfect foresight model using the gauss eig     
%  function to find the invariant subspace associated with the big 
%  roots.  This procedure will fail if the companion matrix is     
%  defective and does not have a linearly independent set of       
%  eigenvectors associated with the big roots.                     
%                                                                  
%  Input arguments:                                                
%                                                                  
%    h         Structural coef matrix (neq,neq*(nlag+1+nlag)).     
%    neq       Number of equations.                                
%    nlag      Number of lags.                                     
%    nlag     Number of lags.     (check!)!!!!!!!!!!!!!!!!                                 
%    condn     lag tolerance used as a condition number test       
%              by numeric_shift and reduced_form.                  
%    uprbnd    Inclusive upper bound for the modulus of roots      
%              allowed in the reduced form.                        
%                                                                  
%  Output arguments:                                               
%                                                                  
%    cofb      Reduced form coefficient matrix (neq,neq*nlag).     
%    scof      Observable Structure                                
%    amat      Companion form matrix                               
%    b         Contemporaneous coefficient matrix                  
%    Model satisfies:                                              
%                                                                  
%    z(t) = amat*z(t-1) + b*e(t)                                   
%                                                                  
%    where the first neq elements of z(t) are the contemporaneous  
%    values of the variables in the model                          
%    and e(t) is the shock vector of conformable dimension         
%                                                                  
%    rts       Roots returned by eig.                              
%    ia        Dimension of companion matrix (number of non-trivial
%              elements in rts).                                   
%    nexact    Number of exact shiftrights.                        
%    nnumeric  Number of numeric shiftrights.                      
%    lgroots   Number of roots greater in modulus than uprbnd.     
%    mcode     Return code: see function aimerr.                   
%*****************************************************************


% Use AIM procedure to solve model: 
uprbnd = 1+1e-8;    % Tolerance values for AIM program 
condn = 1e-8;

% ---------------------------------------------------------------------
% Run AIM
% ---------------------------------------------------------------------


[cofb,rts,ia,nex,nnum,lgrts,mcode] = ...
       aim_eig(cof,neq,nlag,nlead,condn,uprbnd);

scof = obstruct(cof,cofb,neq,nlag,nlead);

% need to calculate amat and b
% ===============================
s0 = scof(:,(neq*nlag+1):neq*(nlag+1)); 	%Contemp. coefs from obs. structure
amat=zeros(neq*nlag,neq*nlag);   		% Initialize A matrix 
bmat=cofb(1:neq,((nlag-1)*neq+1):nlag*neq);  	% Lag 1 coefficients 
i=2;
while i<=nlag;
  bmat=[bmat cofb(1:neq,((nlag-i)*neq+1):(nlag-i+1)*neq)]; % Lag i coefs 
  i=i+1;
end;
amat(1:neq,:)=bmat;  				% Coefs for equations 
if nlag>1;
 amat((length(cofb(:,1))+1):length(amat(:,1)),1:neq*(nlag-1))=eye(neq*(nlag-1));
end;
b = zeros(length(amat(:,1)),length(s0(1,:)));
b(1:length(s0(:,1)),1:length(s0(1,:))) = inv(s0);  % Store coefs 
%b=b(:,shockvec);


% ======================================================================= %
% Impulse Response Function
% ======================================================================= %

% Money shock

shock = zeros(neq,1);         			% Shock vector @
shock(e_mpos,1) = 1;                    	% Shock variable, size of shock @
imptech = impf(amat,b,shock,nimpdat,neq);	% Call impulse respons proc @
dat=(1:nplot)';     			  	% Date variable for plotting 

Pindex		= imptech(1:nplot,pcpos);

qtr = (1/h)/4;

Navg = mean(imptech(1:qtr,Npos));

Cavg = mean(imptech(1:qtr,cpos));

Yavg = mean(imptech(1:qtr,ypos));

real_int_avg = 100*mean(imptech(1:qtr,rintpos)); % I am annualizing them!

nom_int_avg = 100*mean(imptech(1:qtr,intpos));






