function[R0,m]=R0(x,Z)
% x: A double array formatted as follows:
%    Rows: Subjects for all time periods, ordered arbitrarily
%    Cols: neutral contacts
%           gained contacts
%             lost contacts
%          neutral->gained     [Transitions]
%           gained->neutral
%          neutral->lost
%             lost->neutral
%           gained->lost
%             lost->gained
% Z: A Matlab table  (mathworks.com/help/matlab/ref/table.html) formatted as follows:
%    Rows: As for x, identically ordered
%    Cols: Covariates (e.g., location, gender, age, height, etc.)
%R0: Point estimate of the Social R0 (loss net gain)
% m: A Matlab cell   (mathworks.com/help/matlab/ref/cell.html) storing the
%    six OLS results, the standard errors for which appropriate coefficient
%    estimates can be used for Monte Carlo error propagation/robust
%    covariance estimation
%NB: x must be constructed in advance according to given endpoints,
%    thresholds, trial arms, etc.
             m        =...
       cell (6 , 1) ;
             T                              =          [...
                                             table(x(:,2),'VariableNames',{ 'gained contacts'}) ,...
                                           Z,table(x(:,4),'VariableNames',{ 'neutral->gained'})];
             M                              =fitlm(T     ,  'RobustOpts' ,  'off'               ,...
                                                          'ResponseVar'  ,  'neutral->gained'  );
             c             .     b_g        =M.Coefficients{ 'gained contacts','Estimate'}      ;
             c             .     a_g        =M.Coefficients{'(Intercept)'     ,'Estimate'}      ;
             m{                  1         }=M;
             T                              =          [...
                                             table(x(:,1),'VariableNames',{'neutral contacts'}) ,...
                                           Z,table(x(:,5),'VariableNames',{ 'gained->neutral'})];
             M                              =fitlm(T     ,  'RobustOpts' ,  'off'               ,...
                                                          'ResponseVar'  ,  'gained->neutral'  );
             c             .     g_g        =M.Coefficients{'(Intercept)'     ,'Estimate'}      ;
             m{                  2         }=M;
             T                              =          [...
                                             table(x(:,3),'VariableNames',{   'lost contacts'}) ,...
                                           Z,table(x(:,6),'VariableNames',{'neutral->lost'   })];
             M                              =fitlm(T     ,  'RobustOpts' ,  'off'               ,...
                                                          'ResponseVar'  , 'neutral->lost'     );
             c             .     b_l        =M.Coefficients{   'lost contacts','Estimate'}      ;
             c             .     a_l        =M.Coefficients{'(Intercept)'     ,'Estimate'}      ;
             m{                  3         }=M;
             T                              =          [...
                                             table(x(:,1),'VariableNames',{'neutral contacts'}) ,...
                                           Z,table(x(:,7),'VariableNames',{   'lost->neutral'})];
             M                              =fitlm(T     ,  'RobustOpts' ,  'off'               ,...
                                                          'ResponseVar'  ,    'lost->neutral'  );
             c             .     g_l        =M.Coefficients{'(Intercept)'     ,'Estimate'}      ;
             m{                  4         }=M;
             T                              =          [...
                                             table(x(:,3),'VariableNames',{   'lost contacts'}) ,...
                                           Z,table(x(:,8),'VariableNames',{ 'gained->lost'   })];
             M                              =fitlm(T     ,  'RobustOpts' ,  'off'               ,...
                                                          'ResponseVar'  ,  'gained->lost'     );
             c             .     s_gl       =M.Coefficients{'(Intercept)'     ,'Estimate'}      ;
          a1=c             .     g_g        ;
          a2=c             .     a_l      +...
             c             .     b_l      *  mean (x(:,3));
             c             .     s_gl       =max  (  0, ...
             c             .     s_gl     -...
          a1*   (1 -(1 -exp(-a2)) /a2)    ) ;
             c             .     R0g      =...
             c             .     b_g      *  mean (x(:,2))/...
            (c             .     g_g      +...
             c             .     s_gl    );
             m{                  5         }=M;
             T                              =          [...
                                             table(x(:,2),'VariableNames',{ 'gained contacts'}) ,...
                                           Z,table(x(:,9),'VariableNames',{   'lost->gained' })];
             M                              =fitlm(T     ,  'RobustOpts' ,  'off'               ,...
                                                          'ResponseVar'  ,    'lost->gained'   );
             c             .     s_lg       =M.Coefficients{'(Intercept)'     ,'Estimate'}      ;
          a1=c             .     g_l        ;
          a2=c             .     a_g      +...
             c             .     b_g      *  mean (x(:,2));
             c             .     s_lg       =max  (  0, ...
             c             .     s_lg     -...
          a1*   (1 -(1 -exp(-a2)) /a2)    ) ;
             c             .     R0l      =...
             c             .     b_l      *  mean (x(:,3))/...
            (c             .     g_l      +...
             c             .     s_lg    );
             m{                  6         }=M;
                                 R0       =...
             c             .     R0l      -...
             c             .     R0g      ;
end


R0=function(x,Z){
# x: A double array formatted as follows:
#    Rows: Subjects for all time periods, ordered arbitrarily
#    Cols: neutral contacts
#           gained contacts
#             lost contacts
#          neutral->gained     [Transitions]
#           gained->neutral
#          neutral->lost
#             lost->neutral
#           gained->lost
#             lost->gained
# Z: A list tabulated as follows:
#    Rows: As for x, identically ordered
#    Cols: Covariates (e.g., location, gender, age, height, etc.)
#R0: A list with two elements:
#R0: Point estimate of the Social R0 (loss net gain)
# m: A list storing the six OLS results, the standard errors for which
#    appropriate coefficient estimates can be used for Monte Carlo error
#    propagation/robust covariance estimation
#NB: x must be constructed in advance according to given endpoints,
#    thresholds, trial arms, etc.
co       ={ }
m        ={ }
R0       ={ }
T                              =     cbind(x[ ,4],
                                         Z,x[ ,2])
colnames(T)[       1 ]         ='neutral->gained'
colnames(T)[dim(T)[2]]         = 'gained contacts'
M                              =   lm(T)
co            $     a_g        =M$coefficients[          1           ]
co            $     b_g        =M$coefficients[length(M$coefficients)]
m$                 '1'         =M
T                              =     cbind(x[ ,5],
                                         Z,x[ ,1])
colnames(T)[       1 ]         = 'gained->neutral'
colnames(T)[dim(T)[2]]         ='neutral contacts'
M                              =   lm(T)
co            $     g_g        =M$coefficients[          1           ]
m             $    '2'         =M
T                              =     cbind(x[ ,6],
                                         Z,x[ ,3])
colnames(T)[       1 ]         ='neutral->lost'
colnames(T)[dim(T)[2]]         =   'lost contacts'
M                              =   lm(T)
co            $     a_l        =M$coefficients[          1           ]
co            $     b_l        =M$coefficients[length(M$coefficients)]
m             $    '3'         =M
T                              =     cbind(x[ ,7],
                                         Z,x[ ,1])
colnames(T)[       1 ]         =   'lost->neutral'
colnames(T)[dim(T)[2]]         ='neutral contacts'
M                              =   lm(T)
co            $     g_l        =M$coefficients[          1           ]
m             $    '4'         =M
T                              =     cbind(x[ ,8],
                                         Z,x[ ,3])
colnames(T)[       1 ]         = 'gained->lost'
colnames(T)[dim(T)[2]]         =   'lost contacts'
M                              =   lm(T)
co            $     s_gl       =M$coefficients[          1           ]
a1=co         $     g_g
a2=co         $     a_l      +
co            $     b_l      *  mean (x[ ,3])
co            $     s_gl       =max  (  0, 
                                        co            $     s_gl     -
                                        a1*   (1 -(1 -exp(-a2)) /a2)    )
co            $     R0g      =
co            $     b_g      *  mean (x[ ,2])/
(co            $     g_g      +
  co            $     s_gl    )
m             $    '5'         =M
T                              =     cbind(x[ ,9],
                                         Z,x[ ,2])
colnames(T)[       1 ]         =   'lost->gained'
colnames(T)[dim(T)[2]]         = 'gained contacts'
M                              =   lm(T)
co            $     s_lg       =M$coefficients[          1           ]
a1=co         $     g_l
a2=co         $     a_g      +
co            $     b_g      *  mean (x[ ,2])
co            $     s_lg       =max  (  0,
                                        co            $     s_lg     -
                                        a1*   (1 -(1 -exp(-a2)) /a2)    )
co            $     R0l      =
co            $     b_l      *  mean (x[ ,3])/
(co            $     g_l      +
  co            $     s_lg    )
m             $    '6'         =M
R0            $     m        =m
R0            $     R0       =
co            $     R0l      -
co            $     R0g
return(R0)
}


use x_Z.dta, clear

/*  x_Z should contain the following variables, stored in .dta format, e.g., via 
		conversion from .csv through R using "write_dta()" from the "haven" library
	x1	neutral contacts
	x2	 gained contacts
	x3	   lost contacts
	x4	neutral->gained
	x5	 gained->neutral
	x6	neutral->lost
	x7	   lost->neutral
	x8	 gained->lost
	x9	   lost->gained
	*	Covariates (e.g., location, gender, age, height, etc.)

	R0:	Point estimate of the Social R0 (loss net gain)
	m*:	Six OLS results, the standard errors for which appropriate coefficient
		estimates can be used for Monte Carlo error propagation/robust
		covariance estimation

	NB:	x must be constructed in advance according to given endpoints,
		thresholds, trial arms, etc.
		Z must be cleared of missing observations/variables in advance, and have 
		string variables encoded as factors, etc., sufficiently to run "regress"
*/

//		neutral->gained

ds 		  x*,not

regress   x4 x2 `r(varlist)'

matrix    m1=r(table)

gen      a_g=m1[1,colsof(m1)]

gen      b_g=m1[1,		  1 ]

//		 gained->neutral

ds 		  x*,not

regress   x5 x1 `r(varlist)'

matrix    m2=r(table)

gen      g_g=m2[1,colsof(m2)]

//		neutral->lost

ds 		  x*,not

regress   x6 x3 `r(varlist)'

matrix    m3=r(table)

gen      a_l=m3[1,colsof(m3)]

gen      b_l=m3[1,		  1 ]

//		   lost->neutral

ds 		  x*,not

regress   x7 x1 `r(varlist)'

matrix    m4=r(table)

gen      g_l=m4[1,colsof(m4)]

//		 gained->lost

ds 		  x*,not

regress   x8 x3 `r(varlist)'

matrix     m5=r(table)

gen     s_gl=m5[1,colsof(m5)]

gen 	  a1=g_g

mean	  x3

matrix    mx=e(b)

gen		  a2=a_l+b_l*mx[1,1]

replace s_gl=max(0,s_gl-a1*(1-(1-exp(-a2))/a2))

mean	  x2

matrix    mx=e(b)

gen		 R0g=    b_g*mx[1,1]/(g_g+s_gl)

//		   lost->gained

ds 		  x*,not

regress   x9 x2 `r(varlist)'

matrix    m6=r(table)

gen     s_lg=m6[1,colsof(m6)]

replace   a1=g_l

mean	  x2

matrix    mx=e(b)

replace   a2=a_g+b_g*mx[1,1]

replace s_lg=max(0,s_lg-a1*(1-(1-exp(-a2))/a2))

mean	  x3

matrix    mx=e(b)

gen		 R0l=    b_l*mx[1,1]/(g_l+s_lg)

gen		 R0 =R0l-R0g
