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Abstract

The Anderson-Moore algorithm provides a well-established solution method
for forward-locking linear rational expectations models. It is widely used at
the Federal Reserve Board for a variety of purposes, ranging from simulations
of macroeconometric models to computations based on models of menetary
policy.

The aim of this paper is to support a wider use of the Anderson-Moore
method by discussing the practical sides of its application. I describe the
features of one of its Matlab implementations that is freely downloadable
from the web. Experience shows that one is usnally required fo spend quite
some time in order to fully understand how the available Matiab functions
work. The -emphasis is on the structures that should be modified to tailor
the programs to one’s needs. I also present the application of the algorithm
to Coenen and Wieland (2000)’s macromodel of the Furo area.
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1 Preface

Last March T faced the task of building up a discrete-time stochastic model
for another paper. I immediately realized I was forced to include many leads
and lags within a rational-expectations structure. ‘The problem of getting a
stable solution for my model arose after some time, and the Anderson-Moore
- AIM - algorithm emerged as the only procedure that could satisfy my
needs. Lacking an adequate network of contacts, I opted for a ‘learning-by-
doing’ approach, and I downloaded the Matlab version of the AIM from its
official webpages at the Federal Reserve Board’s site. In the remainder of
the paper, T will refer to this version as the alternative one:

www.bog. frb.fed.us/pubs/ 0ss /oss4 /aimindex.heml.

It was deeply frustrating to see that a key executable file did not work on
my PC, thus endangering the good will of my research project. Luckily,
Gary Anderson replied to my desperate cali for help, and  am most grateful
to him. Gary suggested me to try with a different Matlab implementation,
namely one that involves only pure Matlab code. That is downloadable from
the webpages hosted by the Federal Reserve Bank of Boston. It is also the
version used both on this, and other more renowned papers:

Www.-bos.frb.org/economic/special/rnat!ab.ht'm.

At this point, the usual disclaimers are needed. The content of the present pa-
per is the outcome of my scientific interests. Passion has guided me through
the mysteries of the AIM algorithm. The use of this guide is intended for ed-
ucational or research purposes only. Neither the Federal Reserve, nor Gary
Anderson himself, nor the authors of the code described herein bear any
responsibility for what follows. I accept no liability for either any use of
the instructions provided in this document, or the sample code developed to
clarify the exposition. As a matter of fairness, I abstain from reporting any
line of programs written by other anthors. Should any notice of copyright be
acknowledged, or proper credit be given to further works in the field, please
do not hesitate to contact me at

paolo.zagaglia@abo.fi.



2 Introduction

In modern economic research, situations often arise when one needs to com-
pute solutions of alternative models. To this end, the speed, computational
efficiency, and flexibility of solution methods represent key features in estab-
fishing their usefulness. The algorithm developed in Anderson and Moore
{1985) has emerged as a powerful tool for the analysis of rational expecta-
tions - RE - models. Most of the work with this method is carried out at
the Federal Reserve, and limited knowledge of its functioning is shared by
outside economists {Anderson, 2000). -

The aim of this paper is to support a widespread use of the AIM algorithm
by discussing the practical sides of its implermentation. I describe the features
of the Matlab package downloadable from the Boston Fed website listed
in the preface. The structure of the code is explained ‘as it is", although
modifications of the original programs are proposed at some point. The
paper assumes a somewhat ‘intermediate’ knowledge by the user concerning
Matlab programming, in particnlar dealing with matrices and functions.

Experience shows that one is usually required to spend quite some time
in order to fully understand how the code works. Hence, 1 believe that what
follows can contribute to an appreciation of the virtues of the AIM. In a
way, this is the companion paper to Anderson {1999), which is based on
the alternative Matlab package. Nevertheless, there are several differences
with respect to that paper. I avoid dealing with the technicalities involved
in the steps of the procedure, relying on intuition rather than formalism.
The interested reader can refer to Anderson (2000) for a more thorough
exposition. Although the focus is on the solution of RE models, I provide a
general overview on a number of connected applications, including estimation
and calculations based on the output of the algorithm.

The plan for the paper is as follows. Section 3.1 states the mathemati-
cal problem with which this note deals, and section 3.2 outlines the solution
strategy proposed hy Anderson and Moore (1985). In section 4, I review
some computations and estimation techniques that exploit the AIM. Then,
I discuss the structure of the Matlab package, and the tasks performed hy
each function - section 5. Related issues concern the input for the imple-
mentation of the ATM algorithm - section 6 -, and the diagnostic output on
the stability of the solutions - section 7. Qutput in terms of key matrices is
synthesized in various tables throughout the text. The following section - & -
presents the application of the algorithm for the selution of 2 medium-sized
macroeconometric medel. The conclusions are drawn up in section 9.

3 How the AIM algorithm works

3.1 The Problem

The AIM algorithm is suited for solving structural models with rational ex-
pectations expressed as

i [
Z Hil'g.i.i + ZH{_E,:(.’L‘;_.;.J = £, T > U, &> 0. (1)

i=—7 i=1

The vector z; contains all the variables, irrespective of whether they have
an endogenous or an exogenous nature. The H; denote square matrices.
I make the assumption that the shock term & follows the normal N{0,)
distribution. Equation 1 is the so-called structural representation of the
model. Initial explicit constraints from data on past observations %; can
also be imposed: ' :

L=3;, t=-—7,...— L
The specification of equation 1 can be modified to include constant terms.
Two strategies can be followed to handle this extension. The variables can
be re-expressed as deviations from steady-state or equilibrium values which

are, in turn, given by the constants. The other option consists in adding one
equation T in the form of a dynamic equality for each constant ¢:

;= Ty,
and
fg_l =rC.

Without loss of generality, assume that expectations are formed ratio-
nally conditional on time ¢ information. After leading the structural rep-
resentation, and taking expectations, one ohtains a homogenous system of
forward-locking equations:

8 -
> HiE(Teri} =0, k20 (2)

i=—7

I will refer to the H;’s as structural coéfﬁcient matrices. The method
outlined in Anderson and Moore (1985) can then be applied to obtain the
solution of equation 2 as a function of the expectations of the past and the
present.



A few considerations are needed here. The structural form is general
enough to deal with a variety of purely linear models. The use of the AIM
does 1ot depend on the degree of backward/forward-lockingness of the equa-
tions. An arbitrarily large number of leads and lags can be included. Other
solution algorithms impose restrictions already at this stage (see Dermnis,
2001). Klein (2000) discusses the use of the generalized Schur decomposition
for solving RE models in Vector-Autoregressive - VAR - form of order 1
under the assumption that standard regularity conditions apply. Ia the buik
of papers on inflation targeting produced by Lars Svensson {see Svensson,
1998), forward-looking models are expressed in the state-space form

T1e41 _ Tt . £
AO{E:&"Q;_H_ } --Al [Z’zt } +Bﬁt+ [ 0 :|
The procedures reviewed in Séderlind {1999) are then employed to study
optimal monetary policy.

Finally, one can apply the AIM method to models of whatever size. Exam-
ples with forward-locking equations range from small rational-expectations
models (see Coenen and Wieland 2000, Fuhrer 1996, Fuhrer 1997a, Fuhrer
1997b, Fuhrer and Madigan 1997, Fuhrer and Moore 1995a, Orphanides 1998,
Orphanides and Wieland 1998, Orphanides et al. 1997, Rudebusch 2002), to
medium-sized and large models as in Levin et al. (1999, 2001).

3.2 A Sketch of the Solution Procedure

The main task brought carried by the AIM is to find out about the existence
of unique or multiple solutions to equation 2. The steps undertaken in the
method involve:

1. A full-rank linear transformation of the structural coefficient matrix
into a state-space transition matrix A. This generates an autoregressive
representation for the law of motion of the state variables, the so-called
unconstraiued autoregression

Tort1 Tt
=A
Ty Ty-1

Additional sets of implicit conditions are also computed.

2. Calculation of the left invariant subspace and the eigenvalues associated
with the transition matrix. Blanchard and Kahn (1980) show that, for
a system of rational expectations equations to have a unique selution,
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there must be an adequate number of explosive and stable eigenvalues.
Thus, this step focuses on the invariant subspace of large eigenvalues -
i.e. those bigger than one. The aim is to recover convergence con-
straints for the trajectories of the system. Anderson and Moore (1985)
also demonstrate that these conditions should be linearly independent
of both explicit, and implicit constraints in order to generate nnigue
solutions.

3. Computation of asymptotic constraints made up of cxplicit and
implicit conditions, and the vectors spanning the invariant subspace.

In order to speed up the computations, sparse matrix methods are used.
Depending on the relation between auxiliary conditions and the invariant
subspace, the algorithm may rule out in favor of:

e 10 convergent solutions,
e a unique convergent solution,

s an infinity of convergent solutions.

The AIM algorithm is useful especially when the H;’s of the lead terms
turn out to be singular - i.e. they do not have full rank. In this case, the de-
termination of the state-space representation becames rather problematic. It
is possible to find linear combinations of the rows of the structural coefficient
matrices that are rank-preserving, and that annihilate the unnecessary rows
{see Anderson, 2000), In particular, the AIM exploits a QR. decomposition
of the singular H;’s to compute the representation

Hi = Qi ‘ Ri:
with an orthogonal matrix ¢}; and an upper-triangular ;.0 After premulti-
plying H; by the transpose of (;, the algorithm shifts all the non-zero rows
to the right. The rows with null elements are instead grouped in the left-
upper part of the matrix. Multiplication and ‘shift-to-the-right’ are iterated

untif the resulting matrix becomes non-singular. The remaining steps are
the same as those outlined earlier.

Should a unique convergent solution arise, the user gets a vector-autoregressive

representation of the solution path:

Ei(zia) = i BiEy(Zorisi)- (3)

i=—7

'Other approaches are based on martingale-difference methods (Binder
and Pesaran, 1993}, system-recuction techniques {King and Watson, 1998},
or the generalized Schur decomposition (Klein, 2000).

5



The B;'s are called reduced-form coefficients. The explicit solution for
expectations of the future can be plugged into equation 1 so as to compute
the observable structure;

0
D Sy = (4}
Its denomination is due to the fact that, unlike in the original form 1, no
unobserved terms enter equation 4. Furthermore, it is a structural representa-
tior of the model, as it is a function of the structural shocks. The observable
representation lays the ground for computations as well as estimation of the
structural parameters {see section 8).

4 Computations and Estimation based on the
AIM: Examples from the Literature

Equation 4 can be pre-multiplied by —S; ! to obtain the reduced form of
the structural model:
—1

Ty == Z Bizsyi + Byey. (8)

I=—7

Fuhrer and Moore {1995a) notice that the coefficient matrix B; in equation
5 is identical to the one in equation 3. The model can then be re-arranged
in its companion form:

w= Ayt : (6)
T B, B, B_, By,
%= . A= T . 0 |, g= -
Tprti . I 0 1]

After leading equation 6 k periods, and substituting backward, one ob-
tains the conditional forecast of 7,

k
Yook = Afy, + Z A g (7)

i=1
The conditional variance based on time ¢ information is easily computed by
exploiting the uncorrelation property of the disturbance term:

k-1

Et+k|t = ZAiE(Ai)I’ (8)

i=0

with = as the unconditional variance of ¢.

As pointed out in Anderson (1999}, one can exploit the conditional co-
variance of equation 8 o compute the unconditional variance matrix Ty of
e

+oa

Tp =y ATE(AY. (9)
=0 .

Assuming that the summation in equation 9 converges - i.e. y, is stationary

-, one gets

AT {AY =5 - B,
and by the vec operator
vee(To) = (I — (A ® A} 'vee(3).

The computation of the autocovariance function T of y, is then straightfor-
ward (see Fuhrer and Moore, 1995z):

EJ —_ ABjﬁI, _‘] > 0.

As said earlier, model solution through the ATM method often goes hand
in hand with estimation of the structural - unobserved - parameters. Fuhrer
and Moore {19952, 1995b) use full information maximum likelihood to esti-
mate alternative specifications of forward-looking wage models on US data.
Their procedure runs as follows. Assume that one estimates an empirical
linear data-generating process - DGP - for a subset z, of endogenous vari-
ables. The remaining variables z, are instead driven by structural equations
only, whose parameters are to be identified. By stacking the z, and z, into
a vector z;, one can cast the model as in the general form 1. The model is
then solvable via AIM for a given range of parameters, and the observable

‘representation can be derived. The computation of the likelihood function

refies on the observable structure of the model and the explicit constraints.2

Coenen and Wieland {2000} investigate the empirical fit. of several wage-
contracting models for Germany, France and [taly. They estimate structural
parameters by indirect inference. This requires obtaining reduced-form so-
lutions of the models over a parameter space in the same fashion as Fuhrer
and Moore (1995a, 1995b). The subsequent step consists in generating arti-
ficial series for the endogenous variables. Finally, the empirical DGP is fit

*Fuhrer and Bleakley (1996) explain the technieal background of the econo-
metric investigation of Fuhrer and Moore (1995a, 1995b}.
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to the artificial data, and simulation-based estimates of the parameters are
calculated. These are matched to reduce the difference with the empirical
estimates {or a feasible range of values. .

An important extension to the use of the AIM algorithm consists in the
calculation of optimal control rules. Departing from the observable structure
of a model, Finan and Tetlow (1999) exploit the Lagrange method for the
minimization of the quadratic loss function of a policymaker. The Lagrange
muitipliers are interpreted as costate variables. This allows the authors o
augment the original structural model with the costates. The resulting rep-
resentation involves matrices that are likely to be singular. The ATM is found
to produce fast solutions to the optimal control problem. Finan and Tetlow
(1999) illustrate the application of their method on the small sticky-price
model of Clarida et al. (1998}, and the FRB/US macroeconometric model
(see Brayton et al., 1697).3

5 The Structure of the Matlab Package

Before dealing with the organization of the programs, 1 find it proper to
outline the sequence of actions a user should put in practice to run the code:

¢ Modify properly the file solve.m;

+ Write down the model equations in a separate ASCII-text file - the
model file;

o Write the coefficients and program settings in a set.m file - the setpar
file;

= Execute solve.m from the Matiab command window.

In the next section, I will deal with the role and the properties of each file
fisted above. What matters now is that the execution of solve.m initiates the
solution of the model. The tree of files called for is represented in table 1.
Each line should be read from left to right, with the columns on the left-hand
side indicating the origina} file. For example, sofve.m calls for parse_lin which,
in turn, activates strip_equals and so0 on.

It is noteworthy that not all the Matlab files downloadable from the
webpages of the Boston FED are needed for the purpose of solution. Most of
the code coutributes to the maximum likelihood estimation of the structural
coeflicients, along the lines developed in Fuhrer and Bleakley (1996).

iSample code is downioadable from
www.federalreserve.gov/pubs/feds/1999,/199951/19995 1code zip.

)

parse_lin strip_equals
rembinks
remblanks
convert_top
write_cof_m
remtabs
expand_terms | delete_bad. neighbors
find _paren
sort_terms string_repl
canonical replacements
find_params | nullify string
rem2blanks
find_max lgid | vec tschk
get_data. ts
space
aimerr
tabit nmspace
mat2char
aim. eig numeric_shift | shiftright
exact_shift
eigensystem
build.a
COpY W
reduced form
param._top
vibes
checkaim
obstruct
obstruct 1

Table 1: Tree of Matlab files stemming from solve.m

5.1 Tasks Performed by the Functions

Before continuing, a deal of rethorics should be settled. In what follows T
will often formulate statements with reference to parameters and coefficients.
This distinction is of great theoretical interest, atthough of limited practical
use, The Matlab code described here was originally conceived as an essential
tool for the estimation of macroeconometric models (see section 8). Some
features of the code still lay on such a ground. To that end, the term pa-
rameter indicates the object of estimation, whereas coeflicient indicate



constant values. Tor the sake of completeness, this conceptunal distinction
will be maintained. In the section where I discuss an applicaticn of the AIM,
I will nevertheless neglect it, and I will use the two terms interchangeably.

solve.m. It sets the AIM key files to0 solve the mode!, and it. defines the diag-
nostic cutput at each stage of the computations. The user is required
to define a prefix directory, i.e. the path where Matlab performs the
operations. This file interacts with the user by asking for

s 2 parent directory to be combined with the prefix directory,

a maodel] file name,

a coefficients setting - setpar - file name,

the information set on which the expectations are based - eitker
time ¢ or £ — 1 information.

Further input on demand concerns:

» re-parsing the model or loading existing data,

» setting or estimating parameters.
The output on screen consists in

e summary of input entered at the prompt,
e numerical tolerances used in the computations,
e parameter settings,

s synthetic properties of the state transition matrix and the stabitity
conditions,

¢ synthetic properties of the roots.

As in every Matlab code, the results from the solution procedure are
stored into matrices. The most relevant ones are listed in table 2 on
page 13. The reader should keep in mind that each of those - rectan-
gular - matrices stacks square matrices starting from the longest lag of
the summations, up to the last lead. For instance, cof regroups the
structural coefficient matrices in the following fashion:

[Hor Hop .. Hs .

There are also matrices that are generated to support the execution of
the programs {see table 3 on page 14), cell arrays (see table 4), and
character arrays (see table 5 on page 15).

10

parse_lin. This is the so-called model parser. It reads the equations in setpar,
prepares a list of endogenous variables, stochastic elements, constants,
and parameters. The structure of leads and lags is also synthesized.
The 2im is to express the original model in the form of equation 2.
This task is accomplished by finding the matrices H;. Output on screen
through solve.m includes:

¢ summary on the lead-lag structure,

= summary of the properties of equations and variables.

strip_equals. It moves a variable to the left-hand side of an equation, chang-
ing its sign.

space. It writes blank lines into a matrix.

rembinks. It removes hlank characters from a character matrix.
rembianks. Same as remblnks.

convert_top. It generates an index of the parameters collected into a vector.

write_cof.m. It prepares the coefficient matrix and the current parameter
setting for evaluation through the rest of the programs.

remtabs. Tt Sets the output string of remblnks for elaboration by remblanks.

aimerr. This function determines the type of solution, and returns explana-
tory messages for the outcome.

expand_terms. Tt performs basic algebraic operations to compute explicit
expressions for each equation in the original system.

delete_bad.neighbors. It cleans up the track record of strings so as to avoid
confusion hetween names of variables/parameters with overlapping char-
acters.

find.paren. It checks whether there are mismatched parenthesis in the model
file.

sort_terms. [t turns a column vector of variables into a row vector for the
structural coefficient matrix, ;

canonical_replacements. Eliminates unnecessary strings created during pars-
ing operations.

11



tabit. It tabulates the input arguments in a matrix form.

nmspace. It creates a blank matrix of characters.

mat2char. It converts a matrix into a character array.

find_params. Tt finds the parameters.of a linear model.

nullify_string. It replaces a string with spaces.

find_max_Jgid. It finds the maximum number of leads and lags.

vec. This is the function version of the Matlab command ver.

tschk. It checks whether an object is in time-series format.
get_data_ts. It gets data in time-series form for _DATA type variables.

aim_eig. This is the core function of the package, since it solves a linear RE
model.

eigensystem. It computes the eigenvectors and the roots of the left invariant
subspace. It also finds the ‘big’ roots, i.e. those larger than a pre-
specified upper bound. '

exact_shift. It computes the exact implicit initial constraints.

numeric_shift. It computes the numerical approximation of the implicit con-
ditions.

shiftright. Tt shifts the rows of an input matrix to the right of a certain
rumber of columns.

build_a. It builds the state-space transition matrix, reducing the number of
lags to the minimurm.

copy_w. It copies the eigenvectors corresponding to the big roots into the
matrix of asymptotic constraints.

reduced form. It computes the reduced-form matrices B;'s.
param_top. Function required to ease the creation of the parameter vector.

vibes. It computes the size and period of oscillation of the non-zero roots of
a systerm. ’

12

Matrix name Definition Generating function

cof H; parse_lin
cofb B; reduced_form
scof S; obstruct

Table 2: Key matrices generated by the code
checkaim. It plugs the B;’s into the Hy's to check that the solution solves
the model.

obstruct. It calculates the observable séructure matrices on the basis of ex-
pectations conditional on time t information.

obstruct_t1. Same function as obstruct with reference to period ¢ — 1 infor-
mation.

6 The Input

This section discusses some selected features of the files needed to enter the
structure of the model for solution. I find it useful to start with the represen-
tation of the model equations, since that provides for a better understanding
of the subsequent procedures.

6.1 The Model File

The structnre of the model file includes:
* A header - MODEL - indicating the name of the model;
» A list of all the variables* - ENDOG - in the equations;

e A list of equations containing the equation name - EQUATION -, its type
- E4TYPE -, and its functional form - EQ.?

* A command - END - that closes the model representation.

*Remember: all the variables are endogenous for the ATM!
#The indication of the equation type is requested only in the Matlab ver-
sione I deseribe here, and not in the alternative version.

13



Matrix name Generating function Matrix name Generating function

E_ solve.m dopar solve.m
amp vibes.m doparse solve.m
ans parse_lin.m * dotm parse_lin.m
carloc parse_lin.m endloc parsedin.m
conv.nonlim setcwOrb.m epsi setcw(rb.m
eqtype. parse_lin.m nex aim_eig.m
equlocs parse_lin.m next parse_lin.m
err chackaim.m nlag find_maxlgld.m
fid parse_lin.m nlead find_maxJgid.m
firsth parse_lin.m nnum aim_eig.m
i parse_fin.m np parse fin.m
ia aim_eig.m nres setow(r5.m
il parse_lin.m nvar - parse_lin.m
I parse_fin.m oldE_ solve.m
last5 parse_lin.m P solve.m
lgrts aim_eig.m per vibes.m
loadflg solve.m pinit solve.m
mcode © aim_eig.m prot solve.m
neq parse_tin.m q checkaim.m
neqe setew(r5.m rts aim_eig.m
typlocs parse_lin.m uprbnd - setcwQr5.m

Table 3: Other matrices

Array  Generating function Array Generating function
Hrmat parse_lin.m param_ parse_lin.m
Hvee sort_terms.m terms expand_terms.m
Hrec2 sort_terms.m egname._ parse_lin.m
endog_ parse_lin.m

Table 4: Cell arrays

14

Array Generating function Array Generating function

dirnam solve.m modnam solve.m
eqns parse_fin.m modname solve.m
errstr aimere.m pamstr _parse_lin.m
mod parse_lin.m olddirnam solve.m
oldmodnam solve.m tempeqn strip_equals.m
oldparnam solve.m tempegns parse_lin.m
prefdir solve.m typstr parse_ Jin.m
ptab tabit.m vtab parse_lin.m
str parse_lin.m

Table 5: Character arrays

The syntax used in the model file follows the so-called MDLEZ language. All
the commaneds but END must be followed by the sign >.

In the ENDGG fisting, the name of each variable is accompanied to its type.
Three kinds of endogenous variables are aliowed, denoted as _DATA, NOTD,
and DTRM. This distinction makes a practical sense in the context of model
estimation, with the DATA variables being assigned time series values. A
special case is represented by the pseudo-variable one, which is the only one
of type DTRM. It is the outcome of a trick which allows the user to include
stochastic shocks to the equations. For instance, assume I have added a
disturbance yDE_ to the equation yDE. If the shock had a stochastic nature,
it would be written in MDLEZ as

yDE_ = 0 * one,
The equation of one would instead have the form
one = LAG(one, 1},

The variable one enters tbe model as an identity, in the sense that its current
value equals its first lag.

The EQTYPE contemplates the strings IMPOSED - for deterministic equa-
tions - and STOCH - for stochastic equations. Here a constraint ou the form
of the model is imposed, as the number of DATA variables must equal the
number of STOCH. Again, this is needed for estimation only, since it aliows the
calculation of the Jacobian matrix of the hikelihcod function (see section 8).
Interestingly, an equation that includes a stochastic shock should be classi-
fied as IMPOSED. Only the representation of the disturbances themselves are
STOCH. Finally, the equation for one is of type IMPOSED.

15



MDLEZ syntax vtype.

DATA 0
NOTD 1
DTRM 2

Table 6: Correspondence between variables in MDLEZ and syntax in vtype.

Writing equations is rather intuitive is MDLEZ. The key task is to cope
with backward- and forward-looking terms as, respectively,

LAG(m,p), and LEAD(n,g),

with = the endogenous variable, p the number of periods backward, and p
the number of periods forward for the expectations. A numeric constant ¢
can instead be included in an equation by entering the coefficient times one.

6.2 The File solve.m

The first issue the user faces consists in dealing with the files location. As
noticed in the previous section, the prefix directory can be different from the
path requested by the program at the prompt once solve.m is executed. The
setpar and model files can be located in either of the two, whereas the rest
of the Matiab programs should be in the prefix directory. It is noteworthy
that a model parser array and a function both with the name of the model
file - but a different extension - are generated by the parser, and saved in the
directory entered at the prompt.

The names of endogenous variables and parameters are stored, respec-
tively, into the matrices endog  and param_ through tbe parse_lin.m.
There are also equation names eqmame. and types egtype_. Types of
equations aud variables are instead defined as egtype. and viype.. Ta-
ble 6 reports the translation of types of variables from MDLEZ into vtype_.
The dimensions of the model are collected as neq - number of equations -
and nlead and nlag - number of leads and lags. The number of variables is
nvar, whereas the number of parameters is np.

6.3 The File set.m

The main task brought about by this function consists in storing the param-
eters/constants values to be included in the model equations. Qther options
of interest include condn and uprbnd, which are both used by aim eig.
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The former is a tolerance number used to compute the left invariant sub-
space, whereas the latter is an upper bound for the modulus of the roots in
the reduced form.®

7 Diagnostic Qutput on Screen

As said earlier, solve.m reporis a synthetic description on screen of the solu-
tion stability. Since that is crucial for a sound understanding of the results,
I dedicate some attention to that point.

The number of - both explicit and implicit - auxiliary constraints is cap-
tured by mex and nnum. Their denominations within the functions that
generate them are reported in the central column of table 7. The AIM algo-
rithm makes nse of approximation methods to perform the calculations on the
invariant subspace. This is the reason for nex to report the constraints iden-
tified by symbolic algebra computations, and nnnm to compiement them by
numeric algebra. Finally, Igroots indicates the number of roots larger than

On sereen Indicator Generating function

nex nexact exact_shift.m
nnum NNUMEric numeric_shifi.m
lgrts igroots eigensystem.m
ia ia aim_eig.m
err err checkaim.m

Table 7: Diagnostics of system stability

the prespecified uprbnd.

Ir order to what kind of solution exists, the AIM compares the number of
stability conditions discovered ‘along the way® with the number of constraints
required. The former is the sum between nex, nnum and lgroots, whereas
the fatter is obtained as the product of neq with nlead. Although intuitively
close, this way of characterizing the solutions is rather different from the one
developed in Blanchard and Kahn (1980}, who rely on a comparison between
the number of eigenvalues outside the unit circle and the number of non-
predetermined variabies.

Tbe code also shows a message describing the type of solution obtained.
If the number of stability conditions identified is larger than the number

1 would suggest the user not to modify the default values hefore due
practice with the AIM has been devcloped.
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of stability conditions required by the model, the used obtains unstable so-
lutions. The code still calculates the coefficients in the case that the QR
decomposition i3 able to find a non-singular orthogonal matrix. The same
considerations appiics when there are multiple solutions, i.e. there are more
auxiliary conditions than what the model requires. Additional output con-
sists in the dimension ia of the transition matrix A, as well as the maximiun
absolute error err of the solution (see table 7).

8 An Application: CW’s Macromodel of the
Euro Area

Other papers explaining the operation of the AIM use smali modeis that are
analytically tractable. For instance, Anderson and Moore {1885) is baged
on the two-equation Harrod-Domar model of economic growth, while Ander-
son (2600) deals with Sims (1996)'s example of wage contracting with three
equations. Since my attention is on ‘practical’ policy analysis, I opt for a
comptlicated application with a relatively large number of state variables. In
this sense, the macroeconometric model developed in Coenen and Wieland
(2000) - CW - appears as a good deal.

Although the empirical investigation of CW involves much broader re-
sults, I include the equations that appear to exhibit the best statistical fit.
The model merges a supply with a demand side for Germany, France and
Italy, indexed respectively by + as 1, 2 and 3. The variables are defined on a
quarterly frequency.

The inflation rate is

Lo (3 1
Ty =P — Dia-

The price level p; evolves according to a one-year weighted average of nominal
wages w; in each country {see equation 10). The weights f} are assumed to be
downward-sloping functions of the contract length ¢, In Coenen and Wieland
(2060), the nominal-wage contracting - i.e. Taylor’s - model appears to fit
both the German and French data rather well (see equations 11-14), as these
are characterized by stickiness in the price level only. The Italian inflation
process exhibits a larger degree of sluggishness, which is accounted for by
a version of Fuhrer and Moore (1995a)’s model where historically-avaiiable
information piays a key role (see equations 15-17).

Equations 18-20 show that the deviation of output from trend ¥ is a
function of the output gap in the two previous quarters, and the ez-ante real
interest rate rf. Owing to equation 23, the demand-side impact of the real
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rate of interest is country-specific, as inflation expectations over the following
two quarters are likely to diverge. Nominal long-term interest rates arise
from the term-structure retation 22, for which the expectations hypothesis
holds and the term premium is null. Monetary policy takes the form of a
Taylor-type rule driven by area-wide conditions. In equation 21,

3

a 3 3
W= ; syl and A= i YD ame= slpi - riy)

J=0 =1 =1

where the latter is the four-quarter moving average of the annualized quar-
terly inflation rate. The country weights s, are computed according to the
ECB Area-Wide Database of Fagan et al. (2001).

8.1 Additional Computations on the CW Model

In order to order to illustrate the flexibility of the code, 1 calculate the
conditional covariance of y based on £ — 1 information. Thus, I lag equation
6 one more period. After substituting the resulting expression into itself for
many times, I obtain ;

&
Yootk = Ay g + ZAk—iQ—H:', (24)

=0
Since & is serially uncorrelated, its conditional variance-covariance matrix is

e BB, 0
Semrpkp =y AZ(AY, and B= o .o, (25)
=D . . 0 .

with Z as the unconditional covariance matrix of ¢.

8.2 Comments on the Sample Code

The interpretation of the code listing for the model file CwOi5 is rather
straightforward (see Appendix A). For what concerns setcwOr5.m, the reader
should be aware of the fact that I have deleted the lines from the original
file needed to perform maximum likelihood estimation. T have also inclided
the values of four constants as parameters, This does not affect the results,
gince for solution purposes one need not make the econcmetric distinction
between coefficients and parameters. Cther constants are in the model file.
The condn and uprbnd are set as ‘default’ values from the file originally
downloaded. '
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Supply side.

Py = fowy + fiwp b fpwpg + fiwp,  0=1,2,3 (10)
- . -

wi =B > flph+0.0195> " flgll +w (11)
i i=0 ..

fl=0254 (L5 —9)0.0501, u}w ~1.d.{0,0.0074) (12)
. -

wi = Ey | Y fiph. +0.0041 Z TRt i (13)
Lid =0 |

FE=0325+(15-140.1189, u* ~ i.i.d.{D 0.0048) (14)

3
o = f (wi - BIAL) Z fipl (15)
i=( . .
3
— BB = E | > i+ 0. 00462 el + v (16)
=0
Si=025+(15-40.1244, ¥ ~11d.[0,0.0023) (17

Real demand.

yr = 0.0012+0.7865y]_, +0.1395y1 , —0.0365rH+ul?, ul? ~ 1i.d.(0,0.0012)
{18}

yr = 0.0024+1.2247y | —0.2708y% ,—0.0638r7 0%, w2 ~ ii.d.(0,0.0003)
(19}

vy = 0.0023+1.3524y7 | —0.3852y2 ,—0.0544rF 44, ¢ ~ 1i.d.(0,0.0004)
(20

Interest rates.

8§ =0ty +anlF— )+l (21}
1 T
i = E, [g Za‘gﬂ] (22)
i=0

e d- B[], 2123 (23)

In solve.m, the prefix directory is /matlabrll/aim/. [ have placed
Cwdr5 and setew0rb.m into /windows/desktop/project/. The last lew
lines of the code compute the conditicnal covariance matrix along the lines
discussed in the previous subsection. It is assumed that the unconditional
covariance of the shocks - Omega - is an identity matrix. The conditional
covariance of the state variahles is finally coded as the matrix Sum_part.

8.3 Comments on the Execution of the Code

The programs ran on a PC with a Pentium 75 processor and 64 MB of
RAM, ie. aslow machine. I used Matlab v. 5.3. The execution of the entire
procedure took about one minute.

The diagnostic output shows no particular problems (see Appendix B).
The model fulfills the conditions to obtain & unique solution. The maximum
absolute error of the approximate solution is rather small. As an example,
the code computes the covariance Zeg1pe-1 ab time ¢+ 1 conditional on time
t — 1 information, i.ee & = 2 in equation 25 on page 19.

9 Concluding Remarks

This paper deals with the practical application of the AIM algorithm. In
particular, T have discussed the organizing principles of & Matlab package
designed to solve linear rational expectations models with forward-looking
components. In addition to reviewing the structure of the Matlab functions,
I discuss their application to a laboratory macromodel of the Euro area.

The Matlab implementation of the AIM algorithm is capable of finding
rather accurate solutions through a combination of algebraic and numerical
routines. The execution of the procedure is also rather quick.

The virtues of the AIM are somewhat counterbalanced by the problems of
more general nature of approximate solution methods. In particular, notwith-
standing the recent advances documented in Anderson {1999), the method is
still unable to distinguish between unit roots and near-unit roots. A useful
extension on which I am currently working consists in using the economct-
ric results from fractionally-integrated models to assess undetected unstable
golutions through the ATM.
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A Sample Code
File CwOr5.

MODEL > cwQ
ENDDG >
yDE _DATA
yFR _DATA
yIT _DATA
piDE _NOTD
piFR . _NOTD
pilIT  _NGTD
pDE _NQOTD
pFR _NOTD
pIT _NOTD
wDE _DATA
wFR _DATA
wIT _DATA
vIT _NOTD
is _NOTD
T1DE _NOTD
T1FR _NOTD
rllT _NOTD
yDE_ _NOTD
yFR_ _NOTD
yIT. _NOTD
" wDE_ _NQTD
WFR_ _NOTD
wIT_ _XOTD
ona _DTREM

EQUATION > yDE
EQTYPE > IMPOSED
EQ > yDE =
' .7865 * LAG(yDE,1)
+ .1395 * LAG(yDE,2)
- .0365 =« rlDE
+ .0012 =* one

22

EQUATICN > yFR
EQTYPE > - IMPOSED
EQ > yFR =
1.2247 * LAG(yFR,1}
- .2708 * LAG(yFR,2)
- .0838 * rlFR
+ .0024 x one
+ yFR_
EQUATION > yIT
EQTYPE >  IMPOSED
EQ > CyIT =
1.3524 * LAG(yIT,1)
- .3852 * LAG(yIT,2)
- .0544 =* rlIT
* + .0023 * one
+ yIT.
EQUATION > piDE
EQTYPE >  IMPOSED
EQ > piDE = pDE - LAG(pDE,1)
EQUATTON > piFR
EQTYPE >  IMPOSED
EQ > piFR = pFR - LAG(pFR,1)
EQUATION > piIT
EQTYFE >  IMPOSED
EQ > piIT = pIT - LAG(pIT,1}
EQUATION > pOE
EQTYPE >  IMPOSED
EQ > pDE =
.32305 = wDE
+ 27435 * LAG{wWDE, 1)
+ .22565 * LAG(wDE,2)
+ .17965 * LAG(wDE,3)
EQUATION > pFR
EQTYPE >  IMPOSED
EQ > pFR =
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42835 * wFR
+ 30945 * LAG{wFR,1)
+ .19055 * LAG{wFR,2)
+ 07165 * LAG{wFR,3)
EQUATICE > pIT
EQTYPE >  IMPOSED
EQ > pIT =
4366 * wIT

+ .3122 = LAG(wIT,1)
+ 1878 = LAG(wIT,2)
+ .0634 # LAG(wWIT,3)

EQUATION > wDE
EQTYPE >  IMPQSED

EqQ > wDE =
.32305 = pDE

+ .27435 * LEAD{pDE,1)

+ .22565 * LEAD{pDE,?2)

+ .17695 * LEAD(pDE,3)

+ .00185 * (.32305%yDE + .27435+LEAD(yDE,1)
+ .22565+LEAD(yDE,2) + ,17695+LEAD{yDE,3))
+ wDE_

EQUATION > wFR
EQTYPE >  IMPOSED

EQ > WFR =
.42835 * pFR

+ .30945 « LEAD(pFR,1)

+ .19055 * LEAD(pFR,2)

+ 07165 * LEAD(pFR,3)

+ .0041 =% (.42835*yFR + _30945*LEAD(YFR,1)
+ .19055+LEAD(yFR,2) + .GT165+LEAD(yFR,3))
+ wFR

EQUATION > wIT

EQTYPE >  IMPOSED \

EQ > wIT ~ .4366+pIT - .3122+LEAD(pIT,1)
- .1878+LEAD(pIT,2) - .0634+LEAD(pIT,3}
= . 43664vIT +  3122+LEAD(vIT,1)

+ .1B7S*LEAD(VIT,2} + .0634+LEAD{vIT,3)
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+ 0046+ .4366+yIT + .0046%.3122«LEAD(yIT,1)
+ .004G*.1878*LEAD(yIT,2) + .0046+.0634+LEAD(yIT,3)
+ wIT_

EQUATION > vIT

EQTYPE >  IMPDSED

EQ > vIT =

4366 * (yIT - .4366%pIT - .3122+LFAD(pIT,1)

~ .187B+LEAD (pIT,2) - .0634*LEAD(pIT,3))

.3122 * (LAG(yIT,1) - .4366+LAG(pIT,%)

.3122+pIT - .1878+LEAD{pIT,1) - .0634*LEAD(pIT,2))
.1878 * (LAG(yIT,2) - .4366+LAG(pIT,2)
.3122+LAG(PIT,1) - .1878+pIT — .0634*LEAD(pIT,1))
.0634 * (LAG(yIT,3) ~ .4366%LAG(pIT,3) - .3122«LAG(pIT,2)
.1878+LAG(PIT,1) - .0634*pIT)

+

+

+

1

EQUATION > is
EQTYPE >  IMPOSED
EQ > is =
alphar * LAG(is,1)
+ alphapi * {.4248+(pDE - LAG(pDE,4))
+ .2922+(pFR - LAG(pFR,4)) + .2820#(pIT - LAG(pIT,4)) - pistar)
+ alphay * (.4248%yDE + ,2022%yFR + ,2829+yIT)

EQUATIOY > rlDE
EQTYPE >  IMPOSED

EQ > T1DE =
{1/8) #* is
+ (1/8) * LEAD(is,1)
.+ {1/8) * LEAD(is,2)

+ {1/8) * LEAD(is,3)
+ (1/8) * LEAD(is,4)
+ (1/8) * LEAD(is,5)
+ (1/8) * LEAD(is,6)
+ (1/8) * LEAD(is,T)
- {1/2) * LEAD(pDE,8)
+ {1/2) * pDE

EQUATION > r1FR
EQTYPE >  IMPRSED
EQ > rifR =
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p—
i : EQUATION > wFR _
(1/8) = is
i YPE > STOCH
s ey LG D §3T> wFR_ = 0 * omne
+ (1/8) =* LEAD(is,2) ; —
+ (1/8) =* LEAD(}E,B) ; BQUATION 5 wTT.
+ (1/8) * LEAD{is,4) : ey e
+ (1/8) * LEAD(is,5) _ Bt S 0 s o
+ (i/8) * LEAD(is,®) : _ ; -
+ (1/8) = LEAD(is,T) : FQUKTION 5 one
- {1/2) * LEAD(pFR,8) _ - > e
" e . EQ > one = LAG(one,1)
EQUATION > rlIT : o
EQTYPE > IMPOSED ' ) .
EQ > rlIT =
(1/8} ¥ is l ;
+ {1/8} * LEAD(is,1) : _
’ | tewOrB.m.
+ {1/8) * LEAD(is,?2) File setcw0r5.m
+ (1/8) % LEAD(is,3) N w e
T () Laan{is, ) %% Parameter setting for the Coenen-Wieland model
+ (1/8) #* LEAD(is,5) _ y _oooror SOUTANE Tor The Coenen-hieland model
+ (1/8) * LEAD(is,6) o/o _
b /e v et . alphar = 0.25;
- (1/2} = LEAD(pIT,8) ‘ AIphapi = 0.25;
e : pistar = 2;
V : alphay = G.5;
EQUATION > yDE_ .
EQTYPE >  STOCH o e
EQ > yDE_ = 0 * one ofa
; = length{param_};
EQUATION > yFR_ ; np gthip ;
EQTYPE > STOCH for i = timp
e Y- = 0 ¥ one p{i) = eval(param_{i});
EQUATION > yIT_ { end
e o % Set initial parameter values in pinit
EQ > ¥IT_ = 0 * cne
EQUATION > wDE_ pinit = p;
EQTYPE > STOCH . . )
EQ > wDE_ = 0 * one _ % Set numerical tolerances
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condn = 1.e-8;
uprbnd = 1 + 1.0e-6;

File solve.m.

S HHERHHERERE T
% Set Prefix Directory
S HHERHHEHHEE R

%prefdir = ’/YOUR PREFIX DIRECTORY HERE/’;
prefdir = ’/matlabrili/aim/’;

clear p pinit hess numhess thess

A -— [ER— :

% Parameter values, names, endog_ list, model dimensions, and egtype_,
% vtype_ are defined by parser. Parameters are set in setpar.

%

% Request model and parameter file information

dirnam = input(’Directory name: ’,’s’);

if{isempty{dirnam))
if{exist{’olddirnam’))

) dirnam = olddirnam;

else
disp{’No directory name currently defined’)
return
end
end
if (dirnam{i)==*/?)
prefdir = ’’;
else

Yprefdir = */YOUR PREFIX DIRECTORY HERE/’;
prefdir = ’/matlabril/aim/’;

end
modnam = input{’Model file name: ’,’s’);
if{(isempty{modnam})
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if(exist(’oldmodnam’))
modnam = oldmodnam;

else
disp{’No model name currently defined’)}
return
end
end
parnam = input(’Setpar file name: ’,’s’);
if (isempty(parnam))

if (exist (’oldparnam’))
parnam = oldparnam;
else
disp(’No paramter program name currently defined’)
return
end
end

E_ = input ("t (0) or t~I1 (1) period exzpectations? ’};
if (isempty(E_))
if{exist (?0ldE_’})

E_ = oldE_;
else
error (’No expectation date currently defimed’)
end
end

eval([’ed ’,prefdir,dirram])

olddirnam = dirmam;
oldmodnam = modnam;
oldparnam = parnam;
oldE_ = E_;

% (1) Parse model, if required

doparse = input(’Re-parse model? (l=yes) ’J;
if (isempty{doparse))
doparse = 0;
end
if (doparse & exist{[prefdir,dirnam,’/’,modnam,’_parse.mat’]) )
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loadflg = input{’Re-parse (1) or load existing model data (0)? *);

if (isempty{loadflg})
loadflg = 0;
end
else
loadflg=1;

end

.dopar = input{(’Set parameters? {l=yes} ');
if (isempty(dopar)) - -

dopar = 0;
end

if (doparse)
if loadflg
parse_lin
else
eval([’load ’,prefdir,dirmam,’/’,modnam,’_parse’])
end
end

% (2) Define parameters
if (dopar)

eval (parnam);
% Set p-vector egual to values of parameters found in param_

p=[;

param_top

pinit = p;
end

if(Texist(°p’)) p = zeros(1);end

prot = 0; % Intermediate output switch

% Display stuff

space
disp(’ --

disp{[’Solving model ’ ,modnam] )
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sican r“‘“ﬁ

disp(['Mcdel directory: ?,prefdir,dirnam]}
disp([’'Parameter file : *,parnam,’.m'])
if (E_==0}

disp(’Expectations viewpoint:
elseif (E_==1)
disp(’Expectations viewpoint:
end

disp(’ -—-

peried t.7)

peried t-1.7)

% Tolerances

space;
disp(’ -—’};
disp(’Numerical Tolerances’);
disp{(’-—~~ ');

disp([’ condn 7 num2str{condn)]);
disp([’ uprbnd - 1: *,num2str{uprbnd-1)1);

space;

if (np>0)

space(2)

Ais8p (P mmmm e 1y
disp(’Parameter settings’)
disp{’~ - )
space

disp{’Name Value ’)
disp{* )
ptab = tabit{param_,p);
disp{ptab)

space(2)

end

h - ——— e

% This stuff does aim, obstruct to provide structure for simulaticn
Y - -
o

b,
A -
% Construct cof matriz using p.
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cof = feval({modnam,’_cof’],p);

% Run AIM

’A _____________

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

disp{{’Number of exact shiftrights (nex): ! num2strinex)});

disp{[’Number of numeric shiftrights (nnum): ’,num2str(onum)]);
disp([’Number of large roots {(lgrts): ? ,num2str (1grts)]);
disp([’Number of stability conditions (mex + nnum + lgrts) -'1}

disp([’number required (neg*nlead) = ’,mum2str(nex+nnum+]grts-neg*nlead)]);
disp([’Dimension of state transition matrix (ia): °’,num2str(ia}l);

errstr = aimerr{mcode)};

disp(errsatr);

O —
% Display roots, magnitude of roots and period

‘A —————————

[amp,per] = vibes(rts,0);

% Check accuracy of solution

% _____

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

'/= y - -

% Compute observable structure

% A -
if (E_==0)

" scof = abstruct{cof,cofb,neq,nlag,nlead);
elseif (E_==1)
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scof = obstruct. _ti(cof,ccfb,neq,nlag,nlead);
else

error (’Improper spec. of expectations viewpoint.?’)
end

Y

% Calculation of the conditicmal covariance matrix

%

% Step 1: Form the companion matrix

% e -

dimens = size{cofb);
r = [ dimens{1,2)/neq 1;

% Coefficient matrix of the VAR system in companion form
A = [ fliplr{cofb);
eye([r-1]*neq), zeros{[r-1l#*neq, neq) 1;

% notice that the reduced form starts with the longest lag!!

% Define the number of periods ahead in time

k = input{’The conditional forecast refers to {# of periods ahead):

if (isempty(k)}
k = 2;
end

% Define the unconditional covariance matrix

dimensl = size(A);
Omega = eye{dimensi(1,2));

% Compute the conditional covariance matrix

Sum_part = zeros(dimens1(1,2}};
for i = 0:k,
C = {(A"i)*(Omega)*[{A"i)’];
Sum_part = ¢ + Sum_part;
end
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B Output from the Sample Code

Mumber of eguaticns: 24

>> solve : Number of lags t 4
Directory name: /windows/desktop/project . Humber of leads : 8
Model file name: cwOrb ) .
Setpar file name: setcwQ : - Endog. Variabie Equation Eguation
t (0) or t-1 (1) period expectations? 0 _ E Var. Type Name Type
Re-parse model? (1=yes) 1 i — -
Re-parse {1) or load existing model data (0)7 1 ; yDE 0 yDE 1
Set parameters? (i=yes) 1 o : yFR 0 yFR 1
; yIT 0 JIT 1
Parsing model cwOr5 ... ; piDE 1 piDE. 1
‘ piFR 1 piFR 1
Parsing Equation 1: yDE piTT 1 pilT 1
Parsing Equationm 2: yFR ; PLE 1 pLE 1
Parsing Equation 3: yIT : pFR 1 pFR i
Parsing Equation 4: piDE : pIT 1 pIT E
Parsing Equation 5: piFR . wDE 0 wDE 1
Parsing Equation 6: piIT : wFR 0 wFR 1
Parsing Equation 7: pDE : wIT 0 wIT 1
Parsing Equation 8: pFR | vIT 1 vIT 1
Parsing Equation 9: pIT is 1 is 1
Parsing Equation 10: wDE E r1DE 1 rlDE 1
Parsing Equation 11: wFR E TIFR 1 rlFR 1
Parsing Equation 12: wIT ] riIT 1 rliT 1
Parsing Equation 13: vIT ; yDE. 1 yDE. O
Parsing Equation 14: is : yFR_ 1 yFA_ ©
Parsing Equation 15: rlDE yitT_. 1 yiT. 0
Parsing Equation 16: rlFR : ; wDE_ 1 wDE_ ©
Parsing Equation 17: rlIT wFR. 1 wFE_ 0O
Parsing Equation 18: yDE_ : wIT_ 1 wIT_ 0
Parsing Equation 19: yFR_ ; one 2 one 1
Parsing Equation 20: yIT_ ? - ——
Parsing Equatien 21: wDE_
Parsing Equation 22: wFR_
Parsing Equation 23: wiT_ : Parameters
Parsing Equation 24: one : -
1 alphar
Done. 2 alphapi
3 pistar
MODEL : cw0 4 alphay
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{1
{2}
(3)
(4)
(5)
(6)

{7y

(9)

(10)
(11)
(12)
(13)
(143
(15)
{18)
(17

(18)

yDE=.7855*LAG(yDE,1)+,1395*LAG(yDE,2)-.0365*r1DE+.0012*one+yDE_
yFH=1.2247*LAG(yFR,1)—.2708*LAG(yFH,2)—.0638*r1FR+.0024*0n§+yFR_
yITzi.3524*LAG(yIT,1)-.3852*LAG(yIT,2)—.0544*r11T+.0023*0ne+y1T_

piDE=pDE-LAG (pDE, 1)

PiFR=pFR-LAG{pFR,1}
PiIT=pIT-LAG(pIT,1)

PDE=.32305+uDE+.27436%LAG(wDE, 1) +. 22565+LAG{WDE, 2} +.17965*LAG {wDE,3)

PFR=.42835%wFR+.30945%LAG{wFR,1)+.19055*LAG (wFR, 2)+,07165+LAG (wFR, 3)

pIT=.4366+wIT+.3122*LAG(WIT,1)+. 1878+LAG(wIT,2)+.0634*LAG (wIT,3)

WDE=.32305*pDE+.27435*LEAD{pDE,1)+.22555*LEAD(pDE,2)+.17695*LEAD(pDE.3)+

WFR=.42835*pFR+.30945*LEAD(pFR,1)+.19055*LEAD(pFR,2)+.07165*LEAD(pFR,3)+
HIT—.4366*pIT—.3122*LEAD(PIT,1)—.1878*LEAD(PIT,2)—.0634*LEAD(DIT,3)=
vIT=.4366% (yIT-.4366+pIT-.3122+LEAD (PIT,1)~, 18T8+LEAD (pIT,2) - .0634*
is=a1phar*LAG(is,1)+alphapi*(.4248*(pDE—LAG(pDE,4))+.2922*
rlDE=(1/8)*is+(1/8)*LEAD{is,1)+(1/8)*LEAD(is,2}+(1/8)*LEAD(is,3}+
rlFH=(1/8)*iS+(1/8)*LEAD(iS,1)1(1/8)*LEAD(iS,2)+{1/8)*LEAD(iS,3)+
rlITZ(1/8)*iS+(1/8)*LEAD(iS,1)+(1/8)*LE&D(15,2)+(1/8)*LEAD(15,3)+
yDE_=O+¥one
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(19) yFR_=0*cne
(20) yIT_=0*cne
(21) whDE_=0*one
(22} wFR_=0*omne
(23} wIT_=0%one
(24} one=LAG{cne,1)

Writing out Parser Information
Done.

Writing out Strwctural Coefficient Matrix
Done,

Solving model : . cwOr5
Model directory: /windows/desktop/project

" Parameter file : setcwO.m

Expectations viewpoint: period t.

Numerical Tolerances

condn 1 1e-008
uprhnd - 1: 1e-006

Parameter settings

Name -~ Value

alphar 0.25000

alphapi 0.25000
" pistar 2.00000

37



alphay 0.50000 28 1.7236 - 1.13361 2.063 i0.8
) L 29 0.30657 + 2.03891 2.0618 4.4199
30 0.30657 - 2.03891 2.0618 4.4199
; 31 1.0344 + 1.175671 1.566 7.3983
Number of exact shiftrights (nex): 156 C 32 1.0344 - * o 1.1757i 1.566 7.3983
Number of numeric shiftrights (noum): 1 ' E 33 1.3812 1.3812 ¢
Number of large roots (lgrts): 35 ’ _ . : 34 0.9998 + 0.0479311 1.0009 131.16
Number of stability conditions (nex + nnum + lgrts) - ; 35 0.9998 - 0.0479311 1.0009 131.16
number required (neg*nlead} = 0 . 36 1 L 0
Dimension of state transition matrix (ia): 90 i 37 1 L 0
Aim return code: unique solution. 38 0.97048 0.97048 0
ag (.95504 0.95504 0
Roots Amplitude Period 40 0.93249 0.93249 0
. _ L - 41 0.89985 0.89985 0
1 29759 29 759 B o 42 0.33372 + 0.324021 0.46514 8.153
2 -16.371 + 16.1231 59 877 o 658 43 0.33372 - 0.32402i 0.46514 8.153
3 -16.371 - 16.1231 29 977 2.658 44 0.34182 + 0.033262i 0.34344 64.773
4 -3.4759 + 108614 3.6416 5 9134 45 0.34182 - 0.0332621 0.34344 64.773
5 -3.4759 - 1.08611 3.6416 2:2134 E 46 -0.,20866 + 0.26411 0.33659 2.8057
3] -2.92524 + 2.61444 3.4509 2.7534 f LY -(.20866 - 0.26411 0.33659 2.8057
7 -2.2524 - 2.61441 3.4509 . 2.7534 : 48 0.28645 0.28645 0
g 1.1292 + 3.22611 3.4181 5.0913 : 49 -0.10977 + 0.237841 0.26195 3.1366
9 1.1292 - 3.99611 3.4181 5.0913 : 50 -0.10977 - 0.23784i 0.26195 3.1366
10 -1.0674 + 3.23935 3.41086 3.3%6 51 -0.17197 + 0.196711 0.26128 2.7447
11 -1.0674 - 3.23931 3.4106 2.396 L 52 ~0.17197 - 0.196711 0.26128 2.7447
12 2.7448 + 1.36811 50669 13.588 : 53 -0.20471 + 0.124721 0.23971 2.4218
13 2.7448 ~ 1.36811 3.0669 13.588 : 54 -0.20471 - 0.124721 0.23971 2.4218
14 ~1.9325 + 2.2778i 2.9871 2.7626 5 55 ~0.14508 0.14908 2
15 -1.9325 - 2.27784 2.9871 2.7626 : 56 0.040303 + 0.0179461 0.044118 14.998
16 -2.6155 2.6155 2 : 5F 0.040303 - 0.0179461 0.044118 14.998
17 ~1.7978 + 1.89551 2 6124 2.697 ; 58 ~0.040808 + 0.0157161 0.04372¢ 2.265
i8 -1.7978 - 1.89551 2.6124 2.697 ; 59 ~0.040808 - 0.0157161 0.043729 2.265
19 -2.518 + 0.523921 2.5719 2.1397 60 0.014262 + 0.0411891 0.043558 5.0775
20 -2.518 - 0.52392i 2.56719 2.1397 ; 61 0.014262 - 0.041189i 0.043588 5.077b
21 0.27732 + 2.41481 24303 4.3141 : 62 -0.018953 + 0.03¢131 0.04347¢ 3.1078
22 0.27732 - 2.41456i 2.4303 4.3141 E 63 -0.018953 - 0.039131i 0.04347% 3.1078
23 -0.74374 + 2.22411 2.3452 3.3183 ; 64 0.0040141 . 0.0040141 0
24 -0.74374 - 2.22411 2.3452 3.3183 j 65 0.0020011 + 0.0034745i 0.0040095 5.994
25 -1.672 + 1.5481 2.2785 2.6238 ; 66 0.0020C11 -~ 0.00347451 0.00400956 5.994
26 ~1.672 - 1.5481 2.2785 2.6238 | 67 -0.0020037 + 0.00346441 0.0040021 2.9989
27 1.7236 + 1.13361 2.063 10.8 : T 68 . -0.0020037 - 0.00346441 0.0040021 2.9989
a8 ' 39
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