
Solution Algorithm 

Although G-Cubed does not have an especially large number of sectors, or even an 
especially large number of regions, it is still quite challenging to solve because it includes 
foresight and over 100 forward-looking costate variables.  It is solved using an algorithm and 
software developed by McKibbin (1986) for solving large models with rational expectations on a 
personal computer.10  To describe the solution procedure we begin by observing that from a 
mathematical standpoint, G-Cubed is a system of simultaneous equations which can be written in 
the form: 

(1)  ),,,( ttttt XCSZF = Z  

(2)  ),,,(1 tttttt XCSZG = SS −+  

(3)  ),,,(1 tttttt XCSZH =CC −+  

where Z is a vector of endogenous variables, S is a vector of state variables, C is a vector of 
costate variables, X is a vector of exogenous variables, and F, G and H are vector functions.  The 
first step in constructing the baseline is to use numerical differentiation to linearize (1) though 
(3) around the model's database (which is for 1987).  We then transform the model into its 
minimal state space representation by using (1) to find a set of equations f that allow us to 
eliminate Z from (2) and (3): 

(4)  ),,),,,((1 tttttttt XCSXCSfGSS =−+  

(5)  ))((1 X,C,S,X,C,SfHCC tttttttt =−+  

The linearized model is then in the form: 

(6)  dXG+fG + dCG+fG + dSG+fG+I = dS tXXZtCCZtSSZ+t )()()(1  

(7)  dXH+fH + dSH+fH + dCH+fH+I = dC tXXZtSSZtCCZ+t )()()(1  

The eigenvalues of this system of equations are then calculated to ensure that the condition for 
saddle-point stability is satisfied (that is, that the number of eigenvalues outside the unit circle 
are equal to the number of costate variables).  Following that we compute the model's stable 
manifold as follows.  For convenience, define Γ: 

                                                 
10 For a more detailed description of the algorithm, see Appendix C of McKibbin and Sachs (1991).  The software developed for 
solving this model has been written in the GAUSS programming language. 



(8)  ( ) 1−++Γ CCZ HfHI =  

Using Γ we can rewrite (7) to give dCt in terms of the other variables: 

(9)  dXH+fHdSH+fH  dC = dC tXXZtSSZ1+tt )()( Γ−Γ−Γ  

Substituting (9) into (6) gives: 

(10)  
tXXZCCZXXZ+tCCZ

tSSZCCZSSZ+t

dXHfHG+fGG+fGdCG+fG 
dSHfHG+fGG+fG+I = dS
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Applying (9) recursively and using (10) allows us to find an expression for the stable manifold 
for the costate variables in terms of changes in current state variables and all current and future 
changes in the exogenous variables.  The expression will have the following form: 

(11)  dC  + dX  + dS  = dC Tii
T

t=i
tt ΩΘΦ ∑  

where Φ, Θi, and Ω are matrices of constants.  We evaluate Φ, Θ, and Ω numerically; in general, 
their closed-form expressions will be quite complicated.  Once this is found the model can be 
solved quickly and easily for different experiments because the new values of the costate 
variables can be calculated simply by evaluating (11).  These values can then be inserted into (1) 
to calculate the other endogenous variables. 
 


