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1. OVERVIEW

INTERDY ME is a package of programs for building INTERindustry DY namic MacroEconomic
modes such as Inforum's LIFT mode or the members of itsinternationdly-linked syssem of modds. We
Spesk of these models as "macroeconomic” because they ded with al the concerns of macroeconomics,
such as employment and unemployment, inflation, income, interet rates, output, investment, and
productivity. But they are genuine interindustry models and build up many of the aggregates from industry-
level varigbles.

I nterdyme concentrates on the extens ve data management aspects of such models and leavesthe user
in complete freedom for development of the behaviora equations which determine the character of the
modd. The development of Interdyme has been strongly influenced by our experience both with a
predecessor, Simforp, and with the G-Build system for building aggregate models. The G-Build system,
in fact, is an integra part of Interdyme, and this explanation will assume that the reader is adready
acquainted with it through the book The Craft of Economic Modeling Part |. Some genera acquaintance
withinput-output ideasis dso necessary. Interdymeiswritten in C++; avery minimal acquaintancewith
this language is needed by someonein amodd building team using Interdyme. In fact, reading this manud
should provider the necessary minimum.  The hard part of the C++ programing has been done precisely
30 that the work of the modd builder is extremely easy.

Characteristics of Interdyme

All Interdyme modds can be built, run, and examined inside the G regresson program, verson 7.3 and
above.

# Vector and matrix dgebramay be used in writing the program that isindividua to each country mode!.

If fd, con, inv, and gov are vectors, one can write

fd=con+inv + gov;
and get the degired result. Or if M is theimport matrix and q isthe vector of product outputs, one can
write

mi = M*q;
to produce the vector mi of imports used in production. Since most of amodd built in Interdymeis
often specified in matrix agebra, coding is easy and clear. This clarity isin sriking contrast to the
macros which used in coaxing Soreadsheets such as Excd to do modd caculations.



Although, gtrictly spesaking, this part of the coding isin C++, one needsto know very little about C++
to usetoolsconfidently and correctly. Thetricky partsof C++ are hidden well away and need concern
the user only alittle more than doesthe fact that hisweb browser or word processor iswritten in C++.

# Interdymeisvery visud. Matrices and vectors of both input and output may be viewed on the screen
inagrid very like aspreadsheet. Graphs of any eement of a vector or matrix or macro variable can
be eadly viewed and printed. Graphs and grids can be viewed smultaneoudy. Multiple graphs and
multiple preadsheets can be viewed.

# Equations esimated in G canbe easly introduced into the modd. Time series of vectors and matrices
used in the modd can be directly used by G in estimation of equations or in displaying and comparing
results of the mode graphicaly or in tables.

# Itiscommon to want to run modes with various modificationsto its equations. These "fixes' to both
macro equations and vectors are easly specified in versatile formats.

# Interdyme dlowsthe modd to beginin any year for which the necessary dataare available, not just the
base year of the input-output table. This cgpability is important for testing the modd in historica
amulationand for efficiency inforecasting. If aforecast has been made out to 2015 and an dternative
isdesired that differsfrom thefirst only after 2005, it isnot necessary to rerun the model over theyears
prior to 2005.

# Input format isflexible, so often little pre-processing of datais necessary.

# Leaning the Interdyme system is progressve. Everything learned in building a Smple macro modedl
with G applies to building interindustry models, but their are some new capabilities that need to be
applied.

Why Interindustry Models Are More Complicated than Aggregate M odels

The building of interindustry modes is made congderably more complicated than building aggregate
models by the following factors

1. Aggregate models ded only with scdar variables, feR -- exports, for example, is one number.
Interindustry modelsdeal not only with scalarsbut a so with numerousvectors, thescalar “exports’
becomes avector of the exports of each industry inthe model. We need waysto refer both to the
total vector and to its eements and groups of its eements. We must aso ded with variable
matrices, such asthat of input-output coefficients.



. The volumes of data to be handled require more versatile tools than were necessary for the
aggregate model. Suppose, for example, that you want to increase government non-defense
expenditures by two percent ayear for the next ten years. In an aggregate model, you have one
number to specify for each of thoseten years; in an interindustry mode you have as many numbers
as you have sectors, typicaly 50 - 100 but ranging up to over 400. Clearly, we need some
wholesde way of deding with this sort of problem.

. Asthe modd runs, it is often necessary to modify the results of the behavioral equations. (This
modification may be necessary either to study the effects of dternative behavior or because one
doesnot fully trust the equationsfor forecasting.) 1naggregate modeds, thereareusudly only single,
scaar variables to modify, such asexports. In interindusiry models, we might, for example, wish
to modify -- or "fix" -- (a) the export of asingle industry (say sector 27) or (b) total exports of a
group of industries (say sectors 27, 28, 30, and 35) or (c) the totd exports of dl industries. We
need convenient ways to pecify such fixes.

. Inan aggregate mode, we generaly expect an equation to function either in every period or (if it
is"skipped") in no period. Matters are not so Smplein multisectoral models because the dataare
not so uniformly available as in aggregate models. For example, one may have an input-output
table for 1992, industry outputs through 1997, consumption expenditures through 1998, and
interest rates through 1999. If we start the modd in 1992, we may want to use actuad higtorical
consumption and interest data where available, so the consumption functions would not gart until
1999 and the interest rate function would not start until 2000. That information must be conveyed
to themodd. Furthermore, thereisfrequently a"jump on" problem as we move from actud data
to an equation. A rho-adjustment procedure is necessary. Bt if the last year of actua dataona
varidbleis severd years after the firgt year of the smulation, theinitid error for the rho adjustment
should be cdculated in that last year, not in thefird period of the smulation. Findly, in the above
example, in 1993 through 1997 there will be discrepanci es between the known outputs and those
caculated by the modd; there is a question of what to do about those discrepancies.

. In aggregate models, each equation is pretty much sui generis; in a multisectord mode, many
equations frequently have the same form. The employment equation for industry i may look just
like the employment equation for industry j, only with different vaues of the parameters and
different subscripts on output and employment. To keep the code to managesable proportions, it
is important to be able to take advantage of this smilarity. The coefficients of the equations are
then stored separately from the formulaswhich usethem. Such equationswill thereforebereferred
to as" detached-coefficient” equationsin contrast to "'code-image” equations, in which the equation
iswritten out by Gwith coefficientsand variablesjust asit will gopear in the C language program.
The multisectora model needs to handle both types of equations easily.

. Numerous matrices are needed in the multisectorad modd. There is not only the input-output
matrix, but dso numerous bridge matrices. For example, there is a matrix to convert equipment



invesment by investing industry to investment by product purchased, and one to convert persond
consumption by budget categories to consumption by input-output industry of origin of the
products. These matrices must be read and forecasted. Matrix and vector objects need to be
defined and the operators =, +, -, and * "overloaded" so that equations can be written in matrix
and vector notation.

The complexity of the task of building an interindustry macroeconomic mode makes it necessary to
lay out the whole project in broad outline beforefilling in details. Wefind it extremely important to make
avery ampleworking verson of the whole modd, with dl its vectors and matrices, before developing the
behaviord equationsfor it. Oncethis"dim" stage of the mode isworking, equations can be added in smdll
groups. If aproblem arises when a group of equations is added to aworking mode, it is clear where the
problemlies. If, ontheother hand, the modd isnot run beforedl partsarefinished and in place, and it then
doesn't work, we are in serious trouble, for it isthen not a dl clear whereto start looking for the problem.

The Programs of Interdyme
The programs of Interdyme fall into three broad categories:

Preparation  -- programsto prepare exogenous data, fixes, and equations.
Smulaion -- the program that makes the mode run.
Display -- programs to display the results.

We will describe the programs in this order. In practice, one program, G, serves as a framework from
which the other programs can be run, often by just a mouse click.

Preparation Programs

Interdyme input and output center on a G data bank, which we will call the modd G bank, and on a
binary filewhichiscaled thevamfile. Thisvam filecontainsal of the vectorsand matriceswhich vary over
time. Indeed, "vam" sandsfor "Vectors And Matrices"" Thevam file containsboth input to the smulation
programand, eventualy, output fromit. Themoded G bank containsal theindividua time serieswhich are
not eements of a vector or matrix. Because these variables are often (but not dways') macroeconomic
variables like the average wage rate, the interest rate, or the unemployment rate, we refer to them asthe
"macro" varidbles. In addition, there may be any number of files of equations estimated by G. Thevamfile
isprepared with G, version 7.3 and above, whilethe model G bank is prepared with Idbuild, the adaptation
of Build for Interdyme. To convey afeding for how these programs work, we give short descriptions to
be amplified below.



G

In addition to the capacities known from building macro models, G verson 7.3 and above has a
number of features for making the vam file. Thelist of matrices and vectorsto be put into the vam file
is specified by the VAM.CFG file. This file shows the name and dimensions of every vector in the
modd. For vectors, it shows how many lagged vaues of the vector may be used in each year's
cdculationin the modd. For each matrix, it shows whether the matrix is carried in rectangular or
packed form. It gives files names for the row titles and the column titles of each vector or matrix.
Fndly, it hasacomment to explain the economic content or other information about thematrix. Thus,
this one file specifies the whole data content of the model except for the "macro” variables. Every
VAM.CFG file should aso contain a vector by the name of "fix", which will be used to sore the
numerica vaues associaed with various "fixes'.

G canbuild avam file from datain G banksor ASCI| files. Often it can read input-output tableswith
very minor adaptations from the way they are printed. It can then display a vector as a table with
|abeled rows down the side and successive years acrossthetop. The cursor keysmovethe screenlike
awindow over thistable, much like aspreadsheet program with locked titles. Just asin aspreadshest,
one can edit entriesin the displayed vectors. The program can dso display amatrix by showing ether
arow or column in successive years or the matrix in asingleyear. 1t can graph an dement of amatrix
or avector over time. It can interpolate elements of a vector or of a whole matrix. It can move a
group of elements of a vector or matrix by an index. It can impose a control tota on a group of
edements. The smulation program writes the results of the forecast into avam file, so G can dso be
used to view output in numerica grids or as graphs.

|dBuild

IdBuild isactudly just the Build program familiar from macro modding adapted for Interdyme. It puts
the "code-image’ or "macro” equations estimated by G into aC++ program. It aso buildsadatabank
of dl individud time series which are needed in the modd. Thisisthe bank we refer to asthe"mode
G-bank". Some of the series in it are needed in the macro equations, others, such as persond
disposable income, may be used in many sectord equations. The input to Idbuild is a master file of
commands of theform "iadd <filename>" wherethe <filename> isthename of a"save' file created with
G. Oncethe magter file and the .sav files of the equations are ready, 1dBuild is executed by clicking
Model | IdBuild from G’ smain menu. Theoutput includes section of codewhich go into thesmulation
program described below. This same “click,” therefore, aso recompiles and links the simulation

program.

Fixer and MacFixer

Just as macro models sometimes required “fixes’ to modify the result of the equations, so do
interindustry models. Here, however, we divide them into two groups, those that are to be applied to
individua macro variablesand those that apply to vector variables. Because of the greater complexity
here, each set is put through a preprocessor, MacFixer for the macrovariable fixes and Fixer for the



vector fixes. These preprocessors may be run from the Modd | MacFixer and Modd | VecFixer
items of the G main menu.

Fixer makes use of the concept of agroup of sectors. For example, it may be desired to scale exports
of manufacturing sectors to some exogenoudy specified total. To do o, there must be a definition of
the group of "manufacturing” sectors. The "Fixer" program readsin an ASCII file of group definitions
and creates a binary file (groups.bin) of these definitions for use in the forecasting program. It dso
creates anindex of thefixesin afilewith the extenson .fin and it puts the numerica vaues of the series
into the "fix" vector in the vam file.

Smulation or Forecasting Program

The smulation program -- the one which makes the model run -- carries the name "dyme'. This

"dyme’, however, cannot be entirdy written in advance, independent of the individua modd. What is
written in advance, however, is a framework, a schematic model, and tools for expanding it. The
framework does dl the housekeeping work of reading in and writing out dl the individua time series and,
each year, al the matrices and vectors. Thetools provided are:

#
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matrix and vector agebra, including the use of "packed matrices' for handling large, sparse matrices,
and non-stlandard functions such as eement by eement divison or multiplication.

scaing of groups of sectorsin avector to a specified total.

automatic summeation of avector, or of parts of avector.

ready access to the "macro” equations.

flexible "fixing" of the results of the macro equaions with "add" and "mul” factors and rho adjustments

Seidd solution of linear equations.

Easy reading of detached-coefficient equations estimated with G.

Flexible debugging printout.

The code for using the detached-coefficient equations must be provided by the moddl builder. Also, the
economic sructure of the modd must be specified.

Code for handling the macro equations is written by 1dBuild, so when it is executed by clicking



Mode | 1dBuild, the smulation program is aso automatically recompiled and linked.

Once the model has been built, it can be run from G by clicking Modd | Run Dyme. A form then appears
asking for the gtarting and stopping dates of the run, the title of the run, the base of the file name for the
output files, the names of the files containing the macro fixes and the vector fixes, and certain variablesfor
controlling the run. When they have been supplied, the modd is executed by clicking the OK button.

Sometimes it has proven advantageous to congtruct programs that have the form of a

smulation program for some stepsin data preparation. A wider range of matrix and vector operationsis
avalable herethan in G plus one hasthe ultimate capacity of writing directly in C++ if need be. Inboththe
Chinese and Japanese modds, programs which had the externd form of a smulationmode wereused in
preparing data.

Display Programs

G can be used for viewing and graphing results of al matrices and vectors. The Compare program,
activated by Modd | Tables from the G main menu, in addition to the features familiar from
macromodeling, can digplay of dl the flowsin arow of the input-output table, showing the flow in each
(sufficiently important) cell in selected years and the growth rates of these flows.

A Note on Notation

In the following chapters, examples of commands will be frequently given. The examples will be of two
types, generic and specific. In the generic examples, itemsinclosed in< > are mandatory; items enclosed
in[ ] areoptional. Items not enclosed in either must gppear exactly as written; thewordsinsde< > and
[ ] are intended to describe a class of entries. In no case would the < > or [ | appear on the actud
command. Thus, the DOS copy command might be described as

copy <source file> [destination fil€]

Names of fileswill bein dl cgpitdls. Names of programs will have the first letter capitalized. Names of
commands used in the programs are surrounded by double quotes. Where specia keysneed to be typed,
such asthe arrow keys or other position keys, they will be enclosed in brackets. For example, holding
down the control key and typing the page up key isindicated as*“[Ctrl]-[PgUp]. We shdl frequently use
... to indicate that lines from an example have been omitted because they are not necessary for the point
being discussed. Most of the examples come from the 33-sector Mudan mode of China. Thismode is
avalable on request, or if you have contact with one of the Inforum partners, they may aso makeaverson
of the code of an exiging Interdyme mode available to you.



Installing and Checking the Software

A skeleton model based on Chinese data comprises the distribution files for Interdyme. This model
contains only the output and price solution, and a Smple imports equation. This smple modd, called
“Simdyme’, should be ingtaled and compiled first to make sure that everything isworking correctly. The
Simdyme modd file contains comments pointing out where you need to add the code for the functions of
a typicd interindustry model, such as find demand eguations, employment equations, vaue added
equations, etc. To inddl, create a directory cadled \DYME, and unzip the Slimdyme files into that
directory. The Simdyme .zip file will be named DY MEVxxx.ZIP, where the “xxx” indicates the current
verson of InterDyme. 'Y oushould dso haveingtaled a Borland Builder, which includes a 32-bit Borland
C++ compiler called by “bcc32".

Hereisasegquence of sepstotest that everything isingtaled properly. 1t dso providesan overview of the
operation of amodd.

1. Fromthe G command line, do
add initid
Thefileinitial has the following contents.

# INITI AL for SLI MDYME
# Create vamfile

vancreate vam cfg nohi st

# Assign as bank b

vam hist b

# Make b the default vamfile
dvam b

# Set up a constant A-matrix, using the lint conmand:
add am dat

fdates 1980 2000

f nmover = 1

i ndex 1980 nmover am

# Bring into the VAMfile fromthe Midan
# G bank data for sone vectors.

ba nudan

fadd getout. add sec33.fad

fadd getfd. add sec33. fad

fadd geti m add sec33. fad

fadd getprice.add sec33.fad
fadd getva. add sec33. fad

# Move 1990 final demand vector, fd,



# forward by 2% per year

add i ndexfor.add 1990 .02 fd

# Store the | oaded vector, fd. This is

# necessary only at the end of the work

# with the vamfile.

store

# Before you can do Mddel | VecFi xer, you

# must do "close b", but you may first want

# to "show b.fd" or show other vectors or
# matri ces.

When the program finishes and the blinking prompt returnsto the G command line, you may, asindicated
by the comments a the end of the Initial file, either first look at some of the vectors and matrices, or
proceed to build the rest of the model. Before proceeding, however, you must firgt give the command
closeb
2. Build the macro part of the modd by the command
Modd | IdBuild
This step aso compiles and links the Smulation modd.
3. Preparethe macro fixes:

Mode | MacFixer

Fromtheinformation on theform which thiscommand opens, G will preparethefileMACH XER.CFG
and then execute the MacFixer program. For dimdyme, you should aways accept the default
information in the form which opensin this and the following menus.

4. Preparethe vector fixes:
Mode | VecFixer

Fromtheinformation on the form which thiscommand opens, G will prepare thefile FIXER.CFG and
then execute the Fixer program.

5. Runthe modd



Modd | Run Dyme

From the information on the form which this command opens, G will prepare the file xxx.CFG where
xxX is the name of the modd as you indicate on the form. The modd will then be executed with this
contral file.

6. Execute the Compare program with the command
Mode | Tables
The datain the form which then opensis used to make a control file for the Compare program. If you
are running Compare again with exactly the same input control, you can use
Modd | Tables Express

Once you have verified that Simdyme is working correctly, you can creste adirectory for your own
modd, named whatever you want. To get only the necessary files into that directory, first copy the file
GETDYME.BATfromthe\DYME directory to your new directory, and then type “getdyme \dyme”’ from
that directory. You should aso look into the GETDYME.BAT file to see what it is copying. Before
proceeding much further, you should study the ret of this manud to learn how to build an InterDyme
modd.
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2. WORKING WITH VAM FILESIN G

TheVam Configuration File

Every vam file begins fromavam configuration file, often caled VAM.CFG, which sets out the data
content of themodel in so far asthe datais best thought of as vectors and matrices. Thisconfiguration file
contains some very vitd information -- namely, the starting date and ending datesfor al the vam file-- the
range of years over which the modd can be run or graphs and tables made. Then, for each vector or
matrix in the modd, thereisaline containing

its name,

its number of rows,

its number of columns,

the number of lagged vaues with which avector can be used in the modd,

if amatrix, whether or not it is"packed”, so that only non-zero eements are stored,

the file name of thetitles for the rows of avector or matrix,

the file name of thetitlesfor the columns of a matrix.

a# followed by a comment usudly explaining the economic nature of the variable and possibly the

name of the filewith higtorica data

The format isfree. Hereis part of the VAM.CFG for the Mudan modd of China

# Matrices and Vectors of the Midan Model

#

1980 2010 # Starting and ending years

#

#Name | Nunber of |Files of titles of| Description

# |row col lag| rows cols [

#

# Matrices

am 33 33 0 sectors.ttl sectors.ttl # the input output nmatrix

brer 33 11 O sectors.ttl hhrural.ttl # the bridge matrix for cr

brcu 33 19 0 sectors.ttl hhurban.ttl # the bridge matrix for cu

brv 33 40 p sectors.ttl bnv.ttl # the bridge matrix for investnent
# final demand vectors

her 11 1 0 hhrural .ttl # Consunption of Rural Hh, Hh sectors
hcu 19 1 0 hhurban.ttl # Consunption of Wban Hh, Hh sectors
out 33 1 3 sectors.ttl # Qut put

#

# Vectors related to fixes

#

dunp 33 1 O sectors.ttl # Di screpancy of Fixed Qutputs

pdunp 33 1 O sectors.ttl # Di screpancy in prices

fix 100 1 O fix.ttl # Fixes, to be filled in by Fixer

11



Note that the sarting and ending dates do not control when a particular run of the mode starts or stops,
but define the range of the vam files. The modd in the example cannot sart earlier than 1980 or run past
2010, but it certainly does not have to run over the whole span on each smulation. In this example, the
modd will have avector named "hcr" which will have 11 rows and 1 column, asindicated by thefirst two
numbersontheline only current year values of thisvector are needed in computing the results of the model
in the present year, so the number of lags used, the third number on theline, isO. In the example above,
only the “out” vector requires lagged vaues. Notethe ‘p’ in this pogtion of the “bmv”’ matrix. This‘p’
marks amatrix that isto be "packed’ so that only non-zero itemsare sored. (Thisisnot presently actualy
the case in the Mudanmodd.) The next item on the lineisthe name of the file with the sector namesto be
used for the spreadsheet-like displays of the vector. Everything following the # is a comment.

Names of vectors may contain up to 16 letters or numbersand may contain the underscore mark, " _".
They must not, however, endinanumber. Thisredtriction isnecessary becauseit is sometimes necessary
to use the sector number as a suffix to the vector name and to convert between the suffix and subscript
forms of the name. For example, we have to be able to recognize that pce[23] and pce23 are the same
series. If we had avector named g2, then g2[3] would convert to g23, and g23 would convert back to
0[23], which iswrong. So no numbers at the end of vector names, please!

Please note that C, unlike Fortran, is case sengtive; Q is not the same variable as g.
Creating, Assigning, Defaulting, and Closing a Vam File

To create a vam file from avam configuration file the command in G is
vamcreate <vam configuration file> <vam file>
For example, to cregte the vam file hist.vam from the configuration file vam.cfg, the command is
vamcreate vam.cfg hist
The “vamcreate’ command may be abbreviated to “vamcr,” thus.
vama vamcfg hig

At this point, the newly crested vam file has zeroes for al of itsdata The rest of this chapter dedls with
how to put data into it.

Thefirg sep isto assign it asabank. The command is
vam <filename> <letter name of bank>
For example,
vam hig b
will assign his.vam asbank b. Letters a through v may be used to designate banks. However, it is
generaly agood practice to leave a asthe G bank which wasiinitidly assgned.

12



In order not to have to continually repeet the bank |etter, most commands for working with vam files
use the default vam file. It is specified by the dvam command
dvam <letter name of bank>
For example
dvam b
A vam filemust aready be assgned as abank before it can be made the default. However, if severd vam
files are assgned, the default can be switched from one to another as often as needed.

To review, the commands

vamcr vam.cfg higt

vam hig b

dvamb
will cregte an dl-zero vam file as specified by the vam.cfg file, assgn this file as bank b, and make it the
default vam file.

Assgning avam fileto G opensthefile for writing as well as reading. The operating system insures that
no two programs can ever have the same file open for writing. Hence, if after looking at mode resultsin
the file dymewvam, we decide to run the modd again, we mug firgt close dyme.vam with the G close
command. Thus the sequence might be

vam dymec
gr c.outl
close c
and we are then free to run the model again and write to the dymevam file.

Commandsfor Introducing Data

There are anumber of ways of reading ASCII datainto G. Some put individua time seriesinto the G
workspace bank; others put these seriesinto individua eements of vectors or matricesin the default vam
file Another putswholevectorsinto thedefault vamfile. Findly, thereare commandsfor introducing whole
matrices into the vam file.

Individual series
There are 9x commands for introducing time series data from text files, so as to provide various
combinations of:

data format
destination (G's regular workspace of the default vam file.)
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action (initid introduction or update)

The commands are
data vdata
update vupdate
matdata
matupdate

All of the commandsin the left column put data into G's workspace.  The "vdata' and "vupdate’ work
exactly like"data' and "update’ except that the series read goesinto the default vam fileinstead. Thelast,
vmatdata, is used to introduce a time series of a single vector or a number of vectors for a single year.
Commands for introducing matrices are covered below.

Because introducing new data was not required in Part | of The Craft of Economic Modeling, al these
commandswill be explained here. The minima abbreviation of the each command is shown
under it .

The basic command for getting atime seriesinto G’'s workspace bank is the data command.

data <series_ name>
da
Introduces data into the workspace data bank. There are 2 forms the command can take.

Form 1:

data out1l
1990 34.0 56.8 44.5 55.6 45.2
1995 39.3 41.2 43.9 47.0 ;

Thefirg number on each lineis the date of thefirst observation on that line. There may be any number
of obsarvations on the ling; the format isfree. Input isterminated by a™;". The";" may be omitted in
an "add" file, except on the lagt line of thefile.

Form 2:
data outl1 1990

34.0 56.8 44.5 55.6 45.2
39.3 41.2 43.9 47.0 ;

14



The date of the first observation is given on the command line immediately after the seriesname. No
dates appear on subsequent lines.

Form liseases if the datais being entered by hand. Form 2 iseasier if the data is generated by a
program.

Input data may contain floating point numbers in exponentia form. Thus, the number 3 may be
represented as 3.0, 3.0E+00, .300E+01, or 30E-01. Only E, not €, isrecognized inthiscontext. Any
number of spaces between data observationsis alowed.

A missing value may be represented by a sngle question mark 2. Therefore
data sales
83.1 34.0744.555.6
indicates that the sdesfor 83.2 quarter ismissng.

vdata
This command works just like data except that the series introduced goes to the default vam file.
Recdl that if fd isavector in the vam file, fd23 will bethe 239 dement of it. If amisamatrix, an12.14
isthe eement in row 12, column 14.

update <series_name>

up
Works like the data command (Form 1) but updates an exiding series. The data following the
command contain only the data points to be changed. The updated seriesis placed in the workspace
only, not the assigned bank.

vupdate
Vup
Thisworksjust like update except that the introduces series goes into the default vam file.

monup <series_name>

mup
Thisis used for updating a quarterly serieswith monthly data. Example:

mup rtb
1993.3 9.120 9.390 9.050 8.710 8.710 8.960
1994.1 8.930 9.030 9. 440;

"rtb"isaquarterly seriesbeing updated with monthly data. 9.120isthevaueof rtbin July 1993; 9.390
isthe vduein August 1993, etc.. Notethat quarterly datesarethefirst numberson each lineand three
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monthly observations must be present for each quarter.  There is presently no corresponding
command to put data into the vam file.

matdat [date]
Brings datainto G prepared by a spreadsheet program. There are two mgor formsin which the series
can be arranged. The series can be arranged either in vertical columns with the name of the series a
the top of the column, or in horizontal rows with the names gppear on the same line of the matdat
command. Up to 20 columns of numbers occupying up to 160 charactersper linemay begiven. The
two forms of the command are:

Form 1.
mat dat
gnp c cd cnd (oF]
1981.1 1513 950 146 359 445
1981. 2 1512 949 140 361 448
1981. 3 1522 956 143 361 450 ;

Dates appear asthe first number on each line. Here 1513 isthe valueof "gnp" in 1981.1, 1522 isthe
vauein 1981.2, etc.

or

mat dat 1981.1

gnp C cd cnd cs
1513 950 146 359 445
1512 949 140 361 448
1522 956 143 361 450 ;

The date of the first observation gppears on the command line, and no dates appear on subsequent
lines. Use asemicolon to end the data. (You must have a semi-colon on the last line of data for
either form.)

Form 2:
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mat dat gnp out(1-4) 1981.1
1513 1512 1522

950 949 956
359 140 143
359 361 361
445 448 450;
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Here, series names are given immediately after "matdat” with starting date given as the last argument
onthe"matdat” line. Thefirg seriesreadsfrom thefirst line after the "matdat”, the second series reads
from the second line, and so on. Group definitions, as explained below, are dlowed here.

matup [date]
Uses the same format as the "matdat” command, but updates series dready in the bank.

To use the matdat or matup commands effectively, create an "add" file containing the data or matdat
satements necessary to bring inthedata. For example, to transfer datafrom aspreadsheet wherethe data
dready exig in columns, use the following steps.

1. Print the spreadsheet datato afile. Add the necessary G datacommandsto thefile just created
usng the G editor. (Alternatively, include the commands in the spreadsheet before you print the
range.) If the column data do not include dates, use Form 2 of the matdat command.

2. From the G command box, use the "add" command to bring in the data stored in the file crested
by step 1.

If you wish to make anew G bank, say mybank, from your data, then you should precede step 1 by the
zap command to get an empty workspace, then do steps 1 and 2, and then click File | DOS and do
copy wsind mybank.ind
copy ws.bnk mybank.bnk
exit
Y ou can then assign mybank as, say, bank d by
bank mybank d

Whenadding long datafilesto G, two commands can considerably accel erate processing the data. Include
these commands as part of your add file to introduce data, but only after you are surethe add fileistrouble
free.

addtype n

addt
Normally, G writesto the screen dl of theinput file when an "add" is underway. Turning screen writing
off with this command speeds up the operation grestly. Turn screen writing back on again at the end
with

addty

wrindex n
Wri
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Normaly G writesthe entireindex file of the workspace as each variableisadded. When many series
are added, this feature lengthens processing time. To defer writing theindex until the entire add file is
processed,"wri n" turns off writing and "wri y" turns it on again and writes the index. A "quit" with
writing off will cause the index to be written before quitting, so there is no danger of losing everything

by forgetting "wri y".
Entire Vectors
vmatdata

The"vmatdata’ command generdizesthematdat command for putting holevectorsinto thedefault vam
file 1t can be used to bring in data in a variety of formats commonly used by Satistica agencies in
releasing input-output tables. 1t can read afile which shows any one of the following:

one vector in columns for severd years

one vector in rows for severd years

severd vectorsin columns for one year

severd vectorsin rows for one year

The vmatdat command requires at least two lines and three if a format for reading is specified. The
form of thefird line is dways the same, asisthe form of the third line, if present. The second linehas
two different forms, oneif severd vectorsare being read for oneyear and another if datafor onevector
isbeing read for severd years. The form of the command is

vmatdat <r|c> <nv> <nyrs> <first> <last> [skip]
<year> <vecl> <vec2> ... <vecnv>
--OR --
<vec> <yearl> <yearZ> ... <yearnyrs>
[form]

where

rlc is‘r or‘c’ according to whether the vectors are rows or columns.

nv is the number of vectors,

nyrs  isthe number of years.

firg  isthe pogtion in the vector in the vam file of the firgt item in the datawhich follows.

la  isthepogtion in the vector in the vam file of the last item in the datawhich follows.

kip  isthe number of spaces on each line which should be skipped before beginning to read data.
If no value for skip is provided, then a form line (explained below) will be expected as
the third line. If no spaces are to be skipped and no form line provided, then give skip
avalue of O.

year istheyear of the vectorsor thefirst year if nyrs> 1.
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vecl isthe name of thefirgt vector, vec2 is the name of the second vector, etc.

form  If novduefor kip isgiven, then thisform line must be provided. It should havetheletter rin
every position which isto be read in the following table. This device alows direct reading of
tablesthat have columnsof dataseparated by | or other symbols or which have subtotalswhich
arenot to beread. A typica form line and amatching detaline are:

form rrrrrrrrrrrrrrrrrrrrr rrrrr rrrr
dat a: Agri cul ture | 3450 3718 249 0 | 6780 8102 |**| 1598

Columnswhich do not haveanr aresmply totdly ignored. Consequently, they cannot be used
to separate datafidds. Thus, reading the following

reerrrrr rerr
851 2971

would produce one number, 8512971, not two numbers, 851 and 2971.

The firgt verson of the second lineisused if there are severa vectors for one year; the second is used
when giving data for one vector in saverd years. In both cases, the item of which thereisonly oneis
specified first and then the items of which there are severd.

Any line beginning with a# is skipped completdly.
For example, the lines

# Exanpl e of several vectors in colums for one year
vmatdat ¢ 6 1 1 57 3

1986 cons gov i nv stk exp i mp
1 21 0 2 -3 6 7
57 38 401 0 0 17 15

would read the 6 columns of datainto positions 1 through 57 of the named vectors (cons, gov, ...) for
the year 1986. Positions 1 - 3 of eachline, which contain the sector number for easy visua reference,
are skipped.

Here is another example which reads the vectors as rows, as may often be the case when reading
printed tables of primary inputs.

# Exanpl e of several vectors in rows for one year
vmatdat r 6 1 1 6 16
1986 | abi nc propinc deprec inter profit tax

# 1 2 3 4 5
6

| abor incone 7303 21 368 1203 1302 820

proprietor inc 1215 9 100 107 303 92
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82 104 121 73
83 54 95 52
25 217 337 38
32 178 294 29

depreciation 950
interest incone 845
profits 50
indirect taxes 121

P Ww~NW

Note the use of the line beginning with a# to provide labdsfor the columns.

The second form of the second line isillustrated by the following example, which reads one vector,
cons, for five years.

# Exanple of a single vector in colums for several years:
vmatdat ¢ 1 5 1 57 2
cons 1985 1986 1987 1988 1989 1990

1 31.8 37.2 32.5 38.7 41.2 43.1

57 1.2 1.7 1.8 2.0 2.1 2.2

Findly, hereis an example which reads a single vector in columns for severd years.

# Exanple of reading a single vector in columms for many years.

vmatdat r 1 28 1 10 12

denmpg 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

# Date ncent south west college twoy fsl fs2 fsb headl head3

89.000 0.243 0.345 0.208 0.220 0.469 0.243 0.323 0.106 0.274 0.350
90. 000 0.241 0.346 0.209 0.222 0.476 0.250 0.320 0.105 0.267 0.350
91.000 0.240 0.347 0.211 0.224 0.482 0.247 0.320 0.105 0.263 0.348
92.000 0.238 0.348 0.212 0.226 0.487 0.245 0.319 0.104 0.260 0.346
93.000 0.237 0.349 0.213 0.227 0.493 0.244 0.319 0.102 0.257 0.345
94.000 0.236 0.349 0.215 0.227 0.495 0.243 0.321 0.106 0.257 0.340
95.000 0.233 0.351 0.218 0.228 0.507 0.252 0.320 0.102 0.257 0.343
96. 000 0.233 0.351 0.219 0.229 0.509 0.253 0.320 0.101 0.257 0.342
97.000 0.232 0.352 0.219 0.231 0.511 0.254 0.321 0.099 0.256 0.342
98.000 0.232 0.353 0.219 0.232 0.513 0.256 0.321 0.098 0.256 0.342
99.000 0.231 0.354 0.220 0.233 0.516 0.257 0.322 0.096 0.256 0.341

It must be emphasized that, precisaly because it can read in free format, the “vmatdat” command
cannot interpret blanks as zero entries. There must be a numerica vaue for dl cdls in the tables,

especidly the O's.

Theflexibility of “vmatdat” often makesit possble to read in find demand columns or primary inputs
as they appear in printed tables or on the diskettes provided by statistica offices.

For large modéls, it is convenient to be able to read "folded” vectorsinto the default vam file. Thisis
the function of the fvread command. The usageis:

fvread <vector_name> <year> <skip>
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The <skip> is the number of columnsto skip at the beginning of each line. There must be present as
many elements as are in the vector, and they must bein order.

Example

fvread fd 1997 10
finaldem1 23 36 83 92 32
final dem 6 8 23 73 80 75

This example will put the vector (23, 36, 83, 92, 32, 8, 23, 73, 80, 75) int the fd vector of the default
vam filefor the year 1997.

Whole Matrices

There are four commands to introduce into the default vam file amatrix from an ASCII file. Thefirst
two use different input formatsto put matricesinto thevam file. The other two put datainto packed matrix
files, files from which the cdls which are zero in dl years have been diminated.

The first, and most used, command is matin. It hasthe form

matin <matrix_name> <year> <firstrow> <lastrow> <firstcol> <lastcol> [kip]
[form]

There should then follow a rectangular array of numbers matching the <firstrow>, <lastrow>,
<firstcol>, and <lastcol> parameters of the command. Asinvmatdata, the optiond "skip" parameter
is the number of spacesto be skipped in reading each line. The skip parameter and theform line work
together exactly asdescribed abovefor vmatdat: the absence of askip indicatesthe presence of aform
line A ‘# inthefirg space of aline meansto skip thewholeline. Use of "matin" does not affect entries
outsde the specified area, S0 it can be used to update a matrix aswell asto introduce it originaly.

(It is dso possible to introduce a matrix that is in a Windows spread sheet by a “Copy” and “Paste”
operation into the window created by the show command described below. While this route may be a
quick expedient, if the vam file is changed and the process has to be repeated, it quickly loses itsappedl.
)

The second command for reading matricesis solely for converson of modds previoudy built with the
Simforp program. If you are not converting amodd from Simforp, skip thiscommand. Itsformis

matinb <meatrix_name> <year>[<width> <decs> <IndexWidth>]

and isfollowed by amatrix in the "punch5" format used in Simforp. Theend of the matrix issigndedeither by a';' inthefirst
space on alineor by the end of thefile. For those not familiar with the "punch5" format, it is a fixed length format, with 5
meatrix entries to a line, each entry of the form <row> <col> <number>. One possible format in Fortran would be
(5X,5(213,F9.5)). Inthiscase width=9, decs=5, and IndexWidth = 3. Hereisasample from the beginning of an A-matrix:
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matin5 am 1977 9 5 3

# A-matrix for 1977. 83 rows and 83 co
AM 1 1 0.245790 1 4 0.000220 1
AM 1 11 0.002070 1 12 0.005680 1
AM 1 22 0.089770 1 24 0.000070 1

c

m
000410 1 9 0.281300 1 10 0.058360

S.
0.
0.000380 1 15 0.001700 1 16 0.003060
0.

8
13
48 0.001210 1 49 0.000130 1 50 0.000030

Packed Matrices

Findly, there are two special commands for introducing deta for a"packed" matrix. Packed matrices
become important in models with many sectors, in which the matrices -- especidly the various bridge
matrices -- often become very sparse, that is, they have relaively few non-zero dements. Interdyme has
the ability to carry the matrices in a packed form in which only the non-zero dementsare stored. Inmost
places in G, the packed matrix can be used interchangegbly with the "full" matrix. For example, in the
"index", "lint", and "show" commands described below, either full or packed matrix names can be used
without having to remember which kind of matrix isbeing used. For theinput of data, however, thereis
aspecia format for packed matrices. Moreover, packed matrices are not included in thevam file. Only
the file name of the packed matrix isin the vam file; the actud dataisin aspecid binary file for which we
use the extenson .PMX. This separation of the .PMX from the vam file was done because (a) the . PMX
filesarefarly big and (b) they often do not change at dl between various dternative runs of the modd.
Thus we might have five runs of the modd, each with its own vam file but dl with the same pmix file. The
savings in disk space over having five copies of the .PMX files could be subgantial.

Thefirgt command for introducing data into packed matrices assumes that the dimination of the zero
elements has aready been done, asislikdy to bethe caseif the matrix comesfrom Inforum programsfor
updating a matrix. The second command readsthe matrix in full rectangular form and diminatesthe zeroes
itsdf. Theresultisthe samein either case. The first command is:

pmatin <matrix_name> <packed matrix_filename>

where <marix_name> is the name of a matrix in the vam.cfg file which must have the letter p in the
"lags' pogition. The <packed matrix_filename> is namethe DOS name of the .PMX file. (The . PMX
should beincluded in the name.) The format of the data which follows is then:

<year>

<row> <num_non-zero_elements>

<col1> <dement1l> <col2> <dement2> ...

For example
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pmatin bm bm pnx

1985

1 5 # rowl has 5 non-zero el enents

1 .656 7 .352 11 .038 23 .019 27 .218
3 2 # row 3 has 2 non-zero elenents

7 .098 51 .923

etc.

If thematrix isavailablefor severd years, the datafor dl years should beintroduced with only one* pmatin”
command, with each year's data preceded by the number of theyear. Itisessentid that the year numbers
not be abbreviated; use 1987 please, not 87. If acdl isnon-zero in any year for which thereis data, the
packed matrix will have a place reserved for it in dl years.

An dternative way of introducing data into packed matrices is the “pmatinl" command. The format
isjust like that of the“pmatin” command, except that the datashould be arranged in rectangular rows and
columns like the “matin” command. For example, if you wish to treat as a packed matrix a 3 x 3 matrix
known as B in the vam file, you can introduce it with the “pmatin1" command as follows.

pmati nl B B. pnx

1995
1 0 O
5 0 1
6 2 O

1996
1.50 O
6 0 2
7 3 1

Note that in the above example, only those cells that are zero in dl years will be left out of the packed
matrix. Cdl (3,3) will actualy be stored, since it has a non-zero vaue in 1996. As with the "pmatin”
command, you should put the data for dl years you want to read in the same file, and use only one
"pmatinl" command per matrix.

Although packed matrix files often do not change between runs, they may. If, for example, wewished
to study the effects of changes in the A matrix and the A matrix was packed, then we would need two
different .pmx files. If theorigina wascdled AM.PM X, thento crestethe dternative, say, AMALT.PMX,
we would go to the DOS prompt viaFile | DOS and do

copy am pnx amal t. pnmx
copy hist.vamvanmalt.vam

Then from G's command box do

vam vamdt b
dvamb
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prfile am amal t. pnk

This pmfile command will bothassgn AMALT.PMX to be used whenever the am matrix is referred and
put AMALT.PMX into AMALT.VAM asthe name of thefile to be used for the packed am matrix. The
generd form of the “ pmfileé’ command is

pmfile <matrix_name> <packed meatrix_filename>
Loading the Vam File from G banks

It isaso possible to introduce data from G banks. Just as the f command will form avarigble and
storeitin G’ sworkspace, thevf command formsavariable and putsit into the default vam file. Theformat
is

vf <name> = <expresson>

Example

vf outl = outl

Thisseemingly tautol ogica exampleactualy does something useful. 1t will look in G’ sworkspace bank
for outl andif it falstofindit, it will look inthebank assgned as a. Let ussay it finds outl there.
It will then copy this series over to the default vam file. The right Sde of the vi command can be any
vdid G expression, including the various @ functions, such as @log, @exp, @pos, @ifpos, and
@csum. To specify that avariable on theright should comefrom the bank assigned asb, put b. infront
of the varidble name. The vf command works over the range of dates specified by the fdates
command.

fdates <fdatel> [fdate?]

Specify dates which will be used as the range of action of the f, vf, vc, index, ctrl and other
commands described below. Thedefault vauesof thefdates are the beginning and ending dates of the
vam file, respectively.

Commandsfor the Display of Data

All of the G commands for the display of data dl work for data in any assgned vam file; it is just
necessary to prefix the bank’ s letter designation followed by a period to the varigble name. Thus

vam dymeb

ti Output, Export, and Import of Agriculture

or b.outl b.ex1 b.iml
will graph the first eement of the out, ex, and im vectors from the vam file assigned as bank b.
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For vam files, however, there is another command which shows vectors and matrices asif onewerein a
gpreadsheet program. Thisis the show command. For vectorsit format isjust

show <bank letter>.<vector name>

The valuesof thevector in successiveyearswill gppear as columns; dates run acrossthetop and sector
numbers down the sde. The Options menu item alows the user to control the number of decima
places, fonts, and colors of the digplay. The display can be copied to the clipboard in the usua way
for Windows programs. The contents of the clipboard can then be copied into a spreadsheet such as
Lotus 1-2-3 or into atablein aword processor. On the Copy command, you get to specify how much
you want copied — just the numbers or dso the frame.

Itisaso possibleto gointhe other direction, from the spread sheet into the show window and thusinto
thevamfile

For matrices, the show command has a somewhat different format
show <bank letter>.<matrix_name> <view> <line>

The"view" argument must be one of the fallowing:

r forrow

¢ forcolumn

y foryear.
If view is‘r’, then <line> is the number of the row to be displayed. (A row isdisplayed asif it werea
column.) If view is‘c, then <line> is the number of the column to bedisplayed. If viewis'y’, <then>
lineisthe year number. Examples:

show amr 5

show amc 7

show amy 1997

Cutting and pasting works as with vectors.

load <vector _name>
When G isworking on avector in avam file, it pulls the whole time seriesfor the vector into asort of
vector workspace. Usudly, this is done implicitly by smply referring to the vector or one of its
elements. The load command enablesthe user to do this loading explicitly. It is used principdly in
connection with the index command described below. Example:

“|oad pee.
store

Store the currently loaded vector back to the vam file with the modificationsthat have been made. This
storeisautomatic whenanew load or implictioad isencountered. When aquit is encountered with
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an unstored |loaded vector, the program asks whether it should tore that vector. Answering “no” is
achance to escape if you know you have made amistake and do not wish to mess up your vam file.
On the other hand, giving thestor e before thequit isaway to avoid thisquestion. Long .add fileswill,
therefore, frequently end with astore.

Argumentsand Loopingin G

In working with multisectoral models, it isfrequently desirable to be able to do something comparable
to what subscripting does in mathematics or for or do loops do in programing.  The system for doing o
begins with the add command familiar from The Craft Part 1. It has a capacity not employed there to
accept arguments. The places where the arguments are to be substituted are indicated by %1, %2, etc.
For exampleif the file OUTEX.ADD

title %1 %2

gr out%1 exports¥ol
is executed with the command

add outex.add 2 “Anima husbandry”
the effect will be exactly asif we had executed

ti 2 Anima husbandry

gr out2 exports2
G will replace the %01, %2, ..., %9 with the arguments on the command line.

The next step isfadd command which combines the add command with afile containing the arguments.
For example, we might have a SECTORS.ARG command such as

1 “Field crops”

2 “Animal husbandry”

3 “Agricultural services”

and so0 on for the rest of the sectors of the modd. Then the G command
fadd outex.add sectors.arg
will graph the outputs and exports for each sector of the model.

Whilefadd isthe most versatile of the looping commands, it can become bothersome to have numerous
.add and .arg files. If the arguments arejust integers, the .arg file can be replaced by agroup of integers.
For example, if the PCADD fileis

ti Percent change in output of sector %1
f pc = 100.* (out%1 - out%1[1])/out%1[1]
grpc

we can do
add pc.add (1-80)
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to get graphs, one at atime, for 80 industries. The specification of groups can be more complicated. (1 -
10 (3-7) 5) would be theintegers 1, 2, 5, 8, 9, 10. The 1 - 10 directs the program to start with al the
integers from 1 to 10; the (3 - 7) removes those from 3 to 7, and the 5 adds back in the 5. The -
indicates arange; parenthess indicates remova from the set. We could do

add pc.add (1- 50 (31- 38) 3555 - 63 69)
For what sectors would we get graphs?

Having many separate “child” .add files can sometimes make the “ parent” file unclear and clutter up
adirectory long after the parent hasbeen deleted. A solution to this problemisthe use of thedo statement.
Itsgenerd formis

do{ <G commands>} <group>
For example, we could have

do{

ti Percent change in output of sector %1
f pc = 100.* (out%1 - out%1[1])/out%1[1]
grpc} (1-10(3-7)5)
The group of integers must be specified on the same line with the closing brace.

Commandsfor Sweeping M odification and Projection of Data
Vector Calculations
VC <vector_name> = <expression>

Thevc, or vector caculation, command evauates the expresson on the right and puts the resultsinto
the named vector. Only afew matrix and vector operations are implemented with vc. It can add or
subtract any number of vectors and multiply a matrix times a vector. It cannot yet add or subtract
matrices, parentheses are not yet supported. However, scaar vaues (either constants or G bank
variables) can be used to premultiply or postmultiply a vector or matrix. Also, a scaar vaue can
gopear dl done on the right hand sde of avc equation, which indicates that the entire vector will be
set equal to that scaar value. Between amatrix and avector, an* means matrix-vector multiplication.
Between two vectors, the* means € ement-by-element multiplication. Between avector and amatrix,
the / means multiplication by the transpose of the matrix or vector on theleft. Between two vectors,
the / means eement-by-dement divison. Thevc command is performed only over theinterva defined
by the current fdates command Example If amand cmarematricesand out , pdm qcu, and
cpri ces arevectors, we could write

vc out = antfout + out # matrix rmultiplication, vector addition
vc gqcu = out*pdm # element by element vector nultiplication
vc out = qcu/ pdm # element by el ement vector division

vc cprices = pdmcm # This is actually pdmcm
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The <vector_name> must be avalid vector name in the vam file, as mugt dl namesin the expresson.
A more extengve vc command is planned.

Groups of Sector Numbers

We have dready seen how, with the add and do commands, it was useful to be able to specify a group
of integers as arguments. In the lint, index, and ctrl commands which we are about to explain, this
concept of agroup of integersiscarried further. For usein these commands, the groupis specified first and
then used in the commands. G has adynamic group that can be specified and respecified over and over
as necessary. It can aso use the static groups defined by the Fixer program described below.

The dynamic group is defined by the command:
group <sector numbers>

Define the content of the dynamic group. The sector numbers are specified asin the add command.

Example
group 19-25 (20 22)

The name of thisdynamic groupis* : ”. The namesand content of the static groups defined in fixer are
preceded by a: in the following commands.

listgroups
List the names of dl the groups currently in the GROUPS.BIN file.

glig <name>
List the sectorsin agroup. The <name> specifiesthe group name. After the abovegroup command,
the command
glist
would give the answer
19 21 23 24 25

If the “listgroups’ command gives the answer
Ag Mn Mg Trans Trade Util Serv

then
gig Ag

might, for example, give an answer like
1 2 3 4

Linear Interpolation of Vectors and Matrices
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Linear interpolation of missing vauesin avector is done by the lint command.
lint <names>

Replaces missing vaues in the time series of the series by linearly interpolated values. Zeroes before
thefirst or after the last observation are not replaced. Thiscommand appliesonly to seriesinthevam
file. Groups may be used in the “names’ field to refer to sectors of the currently loaded vector.
Examples

lint pcel
This example loads the pce vector and thenfillsinthe missng vauesin sector 1 by linear interpolation.
We could smilarly fill in the vaues for dl the sectors in the present dynamic group by

| oad pce

lint
or dl thevduesfor the saticgroup Ag by

| oad pce

lint :Ag

Entire matrices may be interpolated with one command. For example

[int am
will interpolate the entire ammatrix. This interpolation aso works for packed matrices.

The lint command works on the entire range of the vam file without regard to fdates.
Moving Vectors and Matrices by Indexing

A quick way to fill in values of a vector so that they dl grow at the same rate is the use of the index
command. Itisusedin conjunctionwith aguide series, aprevioudy established Sngle-variadbletime series,
whose growth rates will be gpplied to the eements of the vector. It acts over the range of the currently
specified fdates. Theformis

index <base date> <guide> <vector name>

For example, if “years’ isthe name of a series of the numbers of years — 1980, 1981, etc. — then
to make al eements of the vector “pce’ grow by 2.0 percent per year from 1999 to 2010, the
following commands can be used:

f 902 = @xp(0.02*(years - 1980))
i ndex 1999 g02 pce

The use of groupsis alowed in the names of series to be affected. For example, to move only the
sectors 1,7, and 9 of pce, wecould -- recdling that : isthe name of the dynamic group -- do
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group 1 7 9
| oad pce
i ndex 1999 g02

To move just the sectorsin the static group Mfg, the command would be

| oad pce
i ndex 1999 g02 : Mg

With a specific vector+sector name like "exp2”, command would be

i ndex 1999 g02 exp2

to store the current loaded vector, load the exp vector, and move the series exp2 by the index of g02.

A vector or matrix name not followed by a sector number means to move the whole vector or matrix
by theindex. Thisdevice can be usedto project awholeinput-output matrix, say, am, to be constant,
asinthisexample

fdates 1998 2020
f one =1
i ndex 1998 one am

A matrix name followed without space by a sector number means to move that row of the matrix by
the guide. Thus, "am2" means move the second row of the am matrix by the guide.

If <guide> isthe name of avector and < name>is ameatrix, then the rows of the matrix are indexed
by the corresponding e ements of the vector. If an dement of the vector is zero in the base year, the
corresponding rows of the matrix are unchanged. Thisfesture worksfor both standard and packed
matrices. It can be used to apply across-the-row coefficient change to an input-output matrix. For
example if nover s isavector, we can make each row of t he ammatrix follow theindex of the
corresponding element of mover s by

f dates 1998 2020
i ndex 1998 novers am

In applying this sort of across-the-row coefficient change, one usudly does not want it to gpply to the

diagond dements, for they havelittle to do with the technological changes affecting other coefficients. To
avoid changing them, the following two commands are convenient.
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diagextract <matrix_name> <vector_name>

Extract diagond éements from the matrix and put theminto the named vector. The command works
for both regular and packed matrices.

diaginsart <matrix_name> <vector_name>

Insert dementsin the named vector into the diagond of the matrix. The diagond dement will remain
zero for a packed matrix which has zero coefficient in that position for dl years.

This example combines these lagt three commands

fdates 1998 2020

di agextract am diags
i ndex 1998 nobvers am
di agi nsert am di ags

Controlling Totals of Vectors and Subvectors

In specifying scenarios, it isimportant to be able to control the tota of the projected values of avector or
of certain dements within the vector. The ctrl command gives this ability.

ctrl [basedate] <guide> <sectors>

This command imposesthe vaues of the <guide> seriesasacontrol total on the named sectors of the
currently loaded vector. The control isimposed over the period specified by the current fdates. If no
basedate is present -- note that it is an optiond dement in the command -- the absolute vaues of the
guide series are the control tota. If the basedate is present, the guide serieswill be scaled to the total
of the seriesin that period before being used as a control total. In naming the sectors, the dlowable
names are illustrated by:

0 for al the sectorsin the loaded vector.

: for the sectors in the present dynamic group

‘Mfg for the sectorsin the atic Mfg

179 for the group composed of sectorsl, 7,9

Matrix Balancing by the RAS Method, Coefficients and Flows

Inwork with input-output analysis, onefrequently needsto baance atable to known row and columntotals
or to convert flows to coefficients or vice-versa. Here are the commands to do so.
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ras <matrix> <row> <col> [year] <r | c>

Bdance the named digtribution matrix by therAsmethod so that <row> = <matrix>* <col> with each
column of the matrix having a column sum of 1.0. It does not actualy matter whether <row> and
<col> are columns or rows, though in the above equation they are to be thought of ascolumns. If the
[year] parameter is missing, the command works over the fdatesrange. If the sum of the dements of
<col> does not equa the sum of the eements of <row>, the vector to governis specified by the‘r’ or
‘c’ at the end of thecommand. The other vector will be scaed to have theright total. The rowswill
then be scaled to get the correct row totals, then the columns scaled to get the correct column totals.
Every fiveiteraions, thereisareport on the row and column in which the maximum scaing occurs.
Whenthe maximum scalefactor differsfrom 1.0 by lessthan .00002, convergenceisdeclared to have
beenreached. Thelast scaling will be of therows. If convergence does not occur after 100 iterations,
the program reports the problem and continues to the next command. Once the balance is achieved,
the columns are scaled to sum to 1.0. The reason for thisnormaizing and how to ded withitif itisnot
wanted is explained after the next two commands.

coef <matrix> <vec> [year]

Convert the named flow matrix to a coefficient matrix by dividing each column of the matrix by the
corresponding e ement of the named vector. If no year is named, the command works over the fdates
range.

flow <matrix> <vec> [year]

Multiply each column of the matrix by the corresponding element of the named vector.  If no year
isnamed, the command works over the fdates range. Thiscommand isthe opposite of coef command.

In our experience, the matrices most frequently in need of balancing are the digtribution matrices, such as
those that determine how persona consumption expenditure by budget category is to be distributed to
indugtries. For thisreason, the ras command, after balancing, automaticaly insuresthat the column sums
ae1.0. Of coursg, if the matrix is the intermediate coefficient matrix, one does not want the columns to
sum to 1.0. What do we do then? Let ussupposethat am isaninitid coefficient matrix, q isthe vector
of outputs, csis the vector of column sum controlsand rs isthe vector of row sum controls. Then we
would do

flow am q
coef amcs
ras amrs cs r
flow amcs
coef amq
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getsum <matrix> <r|c> <vector>

Get the sum of the rows or columns of a given matrix or vector, for dl the yearsin the Vam file. The
firg argument must be the matrix or vector for which we want to obtain the sums; the second argument
must be'r' or 'c' (to obtain the sum by rows or by columns); the third argument is the vector wherethe
result is to be stored.

The sumiscaculated and Sored for dl the years, so that we cannot have mixed informationin the
target vector.

Commandsfor Writing Datato ASCII Files

It is sometimes necessary to take datafromavam fileand output it to an ASCII file. For example, we may
have used the Windows cut and paste commands to move datafrom a spreadsheet into the window of the
show command, but we want an ASCII verson of the file so we will not need to repesat this hand
procedure if we rebuild the vam file from scratch.  The following commands provide various ways to
output matrices and vectors to files that can be easily read back by G or, in some cases, by other
programs..

pmpunch <filename> <matname> [decs)|

The non-zero dements of the matrix <matname> are written into the named file as input for the
“pmatin” command. The [decs| argument gives the number of decimd places. The yearswritten are
determined by the current vaues of “fdates’. This command is especidly useful for converting a
rectangular matrix in a vam file into a packed matrix. One writes it out as an ASCII file with this
command and then reads it in with the “pmatin® command.

punchvec <filename> <vecname> <dartyear> <endyear> [<width> <decs>]
pv

Print out a vector to a file for al sectors, for the years specified. The optiona width and decs
arguments again oecify the fidd width, and number of decima places. The output file garts with a
number of comment lines, telling the name of the vector, starting and ending years, and format
information. Then one comment line givesthe years as column headings. Each following line of thefile
contains the time seriesfor one sector, with the name of the series, followed by thetime series of data.

punch5 <filename> <vecname> [<width> <decs><IndexWidth>]
p5



Prints out a matrix or packed matrix to afile in “punchS" format. The years that are written are
determined by the current value of fdates. Each year is written with a header that is a “matins”
command, which tells “matin5" aso what fidd width, decs and IndexWidth to use. (The IndexWidth
parameter is the width of the row and column numbersin thefile. Thus, afile created with *punch5”
can be read back into Vam using the “matin5” command. This provides a convenient way to convert
packed matrices into norma matrices. The “punch5" format prints 5 non-zero matrix celsto aline,
with row number, column number and cdl vaue for each cdl.

vp <vector_name> [r|c] [field_width] [decima_points]
or
vp <matrix_name><view><line> [fidld width] [decimd_points]

Write the named matrix to the currently open “save’ file. Asyou can see, this command hasaformat
and options like those of the “show” command. Example:

save am.dat
vpamy 2000 9 6
save off

Note that the use of savefilesin conjunction with the “matty” or “type’ commands are aso ussful ways of
capturing vam datain ASCII formfile. Furthermore, sncethe Compare program canwork with Vamfiles,
you canusethe“\gdata’ command in that program to make an nest ASCII file printout of vector or matrix
time sriesfrom avamfile

Vam File Titleand Prompting Commands

commands
com

Should you -- heaven forbid -- have forgotten any of the preceding commands, the command
"commands’ will show you alig of them.

listvecs

Iv
This command shows alist of the vectors and matricesin the modd. Another way to seethem isto
do "ed vam.cfg". This aso dlowsyou to see the rows, columns, lagsandtitlesfilesfor each vector and
metrix.

viitle <title>
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This command dlows you to give the vam file atitle. Thistitle is digolayed when usng Compare.

Vam?2vam -- Sdlective Copying From One Vam Fileto Another

Vam2vamisautility program, run a the DOS prompt, to copy selected matrices and vectorsfrom one
vam file to another. It often happens that one discovers that one has left out of a vam file some essentid
matrix or vector. It is easy enough to modify the vam.cfg file and cregte a new, dl-zero vam file with a
place for the new matrix or vector. But how can data be copied from the old vam file to the new?
Vam2vam isthe answer. Or one discovers that a matrix or vector hasto be enlarged. How can the data
in the old vam file be copied into the new? Vam2vam isthe answer. Or avam file has been used in the
preparation of datawhich hasin it various matrices and vectors which were essentid for preparing the data
but which arenot needed inthefind modd. How canweextract just thefinal product matricesand vectors
into anew vam file for the modd? Use Vam2vam.

The program is invoked by the command:
vam2vam <source> <target> <list> <dartdate> <stopdate>

where
<source> isthe filename, without the VAM extenson, of the source vam file;
<target> isthefilename, without the VAM extension, of the target vam file;
<lig> is the name of afile with alist of the names of vectors or matrices to be copied. For
example, to copy abc in the source to def in the target and xyz in the source to xyz in the
target, the contents of the <lis> file would be
abc def
XyZ
Note that the default value of the name in the target is the name in the source, so we
did not have to repeat xyz on the last line.
<dartdate>  isthefirg year whose dataisto be copied
<stopdate> isthelast year whose dataisto be copied.

VamtoG -- Creating a G bank From Seriesin aVam File

Like Vam2vam, VamtoG is a convenient way for getting data from avam file, in thiscase, intoa G “ws’
type bank. The operation of this program is controlled by a configuration file, named VAMTOG.CFG.
A sample of thisfileis shown below.

Root name of Vam File; hist

Root nane of destination G bank; inp
Starting Date for data transfer; 1972
Ending Date for data transfer; 1994
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Base Year of G databank; 1955
First period covered; 1
Maxi mum nunber of observations; 60
Data requests ; im

ex out def fpi fpe

Inthisparticular example, thesourcevam fileisHIST.VAM, the detination G bank isIMP.BNK, thedata
will be trandferred from 1972 to 1994. The G bank will have a base year of 1955, starting period of 1,
and series vectors of length 60. The vectors “im”, “ex”, “out”, “def”, “fpi” and “fpe’” will be transferred.
Since vam does not yet handle regressions, the Vamtog program is particularly useful for building data
banks for G regression, to ensure that the datais exactly the same as what is currently in the vam file,
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3. IDBUILD -- MACRO-EQUATION PROCESSOR

Idbuild is an adaptation of the Build program for aggregate modd building to building Interindustry
Dynamic models. Like Build, it trandates the .sav files created by G into C++ code, builds a bank of all
the scalar variables, and writes severd filesof C++ codefor usein thesmulation program. AlsolikeBuild,
it requires a build.cfg file which specifies the name of the output (or workspace) bank and the initialy
assigned bank. Also like Build, it requires a Magter file, but thisfile merdly lists each .sav to be included
inthe preceded by the command "iadd". Unlike Build, the Master file should not contain identities or other
code. Idbuild isinvoked from G7 by the command Modd | IdBuild. Thiscommand aso proceedsto the
compilationand linking of themodel. (From DOS, IdBuild can beinvoked by “idbuild master”. The output
files made by Idbuild are:

HIST.BNK A G gandard bank containing al the series used or created by idbuild.
HIST.IND (AsinBuild, variables on theright of "fex" commands are not included.)

HEART.CPP A compilable C++ program. Each of the"iadd" filesbecomes aseparate, calable
function with a name derived from the name of the iadd file from which it was
created. It aso contains afunction (tserin) to read in dl the time series from bws
and make them accessible everywherein theforecasting program. Both past and
preliminary future vaues are available a dl times.

HEART.H Prototypes for dl the functions in the heart.cpp file. Thisfile makesit possbleto cal
these functions from anywhere in the forecasting program.

TSERIESINC A file to be included in the forecasting main module of the forecasting program
declare the names of dl the varigbles in HIST.BNK as variables which can be
used in the program.

CALLALL.CPP A programto cal dl of thefunctionsin HEART.CPP. It isused at the end of each
years caculations to set or update rho adjustment factors.

TheMaser Filefor Idbuild

We will illudrate the forming of the magter file with the Mudan modd of China. The file for thismodd is:

bank cndm

i add invest. sav
i add i ncone. sav
i add finance. sav
i add pseudo. sav

q
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Except for PSEUDO.SAV, the various .SAV files contain estimated equations. For example, invest.sav
begins
title Other State-owned units investment
f snvest = sibac$ + sirep$
rinvn$3s = -40.346479* intercept +
0.110044* sinvest

The program recognizes PSEUDO.SAV asthe nameof afilewith aspecid purpose. Namely, it puts
into the modd's G bank thosetime serieswhich are not needed in any of the code-image equations but are
required e sewhere, perhgpsin identities or detached coefficient equations. For Mudan, the beginning and
end of the pseudo.sav file are:

f trsa

f rpop = rpop
f upop =

f rscale
f uscal e

These commands put the variables named trsa, rpop (rurd population), and upop (urban population) into
the modd's G bank. At theend, it initidizesthe rscale and uscale variablesto 1.0 in dl years. Any right-
hand sdelegd in G would be legd here.

Back in the mader file, the find "q" sgnds the end of input to Idbuild. 1dbuild will produce from this
commeand the following heart.cpp file

#include <stdio.h>
#include "constant.h"
#include "matrix.h"
#include "dyme.h"
#include "groups.h”
#include "databank.h"
#include "vamfile.h"
#include "fixbank.h"
#include "dyme.ext"
#include "heart.h"
#include "tseries.ext”
FILE *fmatrix;
inti,j.k.err;

externint t;

float depend;

/* end of standard prolog */

void investf()
{

/* Other State-owned units investment */
sinvest[t]= sibac_[t]+ sirep_[t];

39



/* invn$35 */ depend =-40.346479+0.110044* sinvest[t];
invn_35.modify(depend);

void incomef()

{
}

void financef()

{
}

void tserin()

{

sibac_.in("sibac$");
sirep_.in("sirep$");
sinvest.in("sinvest");

}

Note that al of the "iadd" files have been turned into functions whose names are formed by adding an
'f' to the end of the "iadd" file name. (Any $sinthefilenamehavebeenturnedto 's therearenoneinthe
example) Wha were"f" commands have become C statementswith the exception that the'$ character
in variable names has been changed to an'_'. Examples of this change are seen in both the investf()
function and the tserin() function. Any "fex" commands (none in the example) have disappeared, but the
vaigble on the left of the "fex" has been created and entered into the data bank. Regression equations
appear with the regression coefficientsin the code. They caculate a variable, "depend”, which is passed
to theroutine modify(), dong with theidentification number of the dependent variable. Themodify() routine
then looks to see if there are any macro varigble fixes -- add, multiply, index, growth, skip, or rho
adjusment -- on that variable, and then stores the variable with the gppropriate modification, if any. At
the end of the HEART.CPP fileisthe tserin() function. It iscdled at the beginning of a run of the mode
to read into memory al the time-series variables. Findly, note that it contains al the variables which are
in the PSEUDO.SAYV file, even though no functionwas created by thisfile. Thisistheway to put into the
data bank those variables, such as labfor, which appear in no code-image equation. The name "pseudo”
is akeyword to the program,; files by any other name create functions.

The HEART H file, created by idbuild for this example, is.

void investf();
voi d inconef();

voi d financef();
voi d exdgf ();
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It smply provides the prototypes required by C++ in any program which uses the functions in the
HEART.CPPfile,

The TSERIESINC fileis

Tseriessibac_, sirep_, sinvest, invn_35, invn_36, d88, d90, invn_37,
rni, rpindex, rpop, rincome_, trsa, trsa_, invn_38, ulfi,

uscale

Thesefilesare"#included" in the forecasting program to declare that sbac , sirep , etc. are objects of the
form"Tseries’. A "Tseries' isan "object” defined in the forecasting program designed to hold atime series.
One of the things that a Tseries object "knows' how to do isto load itself from the assigned G databank.
Thus, in the tserin() function in the heart.cpp program above, the command

ngdpc. i n(" ngdpc") ;
tells the ngdpc object to read in its data contents from the series called "ngdpc” in the data bank.

Thefind product of Idbuild isthe CALLALL.CPP file, which, for our example, is smply

#i nclude "heart.h"
void callall()

investf();
i nconef ();
financef();
exdgf () ;

Asitsname suggedts, cdldl() issmply aprogramto cal dl of thefunctionsin the heart.cppfile. Itsfunction
isin connection with rho adjustments, as will be seen in the forecasting program.

Combining Vector and Tseries Variablesin a Function With Idbuild

When building interindustry macro models one usudly needs to integrate the macro and the industry
computations. For example, it is often necessary to form a macrovariable as a sum of components of a
vector. Conversdly, it may be that some sectora variable is required on the right hand side of a macro
equation. When thisis the case, the Idbuild command “isvector” is particularly useful. This command
indicates to Idbuild that a variable in one of the following save files is to be trested as an dement of a
vector, and not as a macrovariable, or Tseries variable, which is the default. For example, in the LIFT
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mode of the U.S,, the equation for railroad construction uses output of sector 59 (Railroads). Other
equations use aggregates of output of many sectors. The included sections of files below show how this
ishandled. In G, hereispart of the regression file, CONSTR.REG:

save constr. sav

f outman = @sun(out, 9-58)/1000.

f outbus = @sum(out, 64, 65,72, 73, 77-80)/1000.
f outtrade = @sum(out, 69-71)/1000.

f outmn = @sum(out, 2-6)/ 1000

ti 15. Railroad Construction
r cst15% = cstoth, rpoil[2], rcbr[1], out59, doutrail, doutraill1]

gr *

Hereisasmdl MASTER file, which will generate the code for this function only.

ba constr
i svector out,enp, pdm cstk
i add constr. sav

Hereisthe code for the congtrf() function. Note that since the “isvector” command wasin effect, Idbuild
knows that “out” is a vector. Therefore, it passes “out” as one of the vectors in the argument list to
congtrf(), it writes out the csum function correctly as a method of type Vector, and it writes “out[59]” on
the right hand sde of the regression equation instead of “out59t]”.

voi d constrf(Vector& out, Vector& enp, Vector& pdm Vect or & cstk)

{
out man[t] =out.csum "9-58")/1000.

out bus[t]=out.csum("64, 65,72,73,77-80")/1000.
outtrade[t]=out.csum"69-71")/1000.
outm n[t]=out.csum"2-6")/1000;

/* 15. Railroad Construction */
/* cst15_ */ depend =3699. 702916+- 0. 405094* cstoth[t]+5.812924* rpoil[t-2]+
17.332162* rcbr[t-1]+0. 020963* out[59] +0. 040612* doutrail[t]+
0.117446* doutrail[t-1];
cst 15 . nodi fy(depend);

}

At the present time (Interdyme version 2.2), Idbuild doesn’'t know how to handle lagged vaues of vector
variables. Inthiscase, you can make the vector variable amacrovariable, and include code in your model
to copy the macrovariable vaues to the vector, and vice versa. For example, another regression in the
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construction equations mentioned above uses congtruction capital stock of category 16 lagged once

(“cstk16[1]”). Theway to handlethisisasfollows. Before opening up the savefilein G, firg do:
f cstkl6$ = cstkl6

Then, include cstk16$H 1] on the right hand side of the equation. Inthe smulation modd, remember tofill
up the macrovariable with the value of congtruction capital stock of category 16 before caling the

condruction function:
cstkl6 _[t] = cstk[16];
constrf (out, enp, pdm cstk);

Note that in addition to the“iadd” command, |dBuild has one more command not found in sandard Build.
That isthe “break” command. ltsformat is;

break <fil ename>

After the “break” command, subsequent C++ code will go to the named file, with the extenson .CPP
appended, rather than to HEART.CPP. The reason for this command is that with a large modd,
HEART.CPP can become too large, and may fail to compile. Also, it is somtimes more convenient to
group the functions written by 1dBuild into smaler logicaly organized files

Macrovariables can aso be used on theright hand side of equationsfor vector variables, cdled “ detached-
coefficient equations’. These are described in the next section.
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4. DETACHED-COEFFICIENT EQUATIONS

Multisectord models often employ smilar equations for smilar functions in different sectors. Thus,
consumption functions may be smilar in different sectors but, of course, with different coefficients.
However, not dl functions for the various components of asingle vector may be the same. For example,
in the Mudan model of China there are three types of functions for consumption expenditures of rura
households:

p alinear function of income, change in income, and releive prices

i alinear function of income and change in income

| adouble-logarithmic function in income, rdative prices, and time.

The fird three sectors happen to illustrate the three types. Their equations are estimated by G with the
following commands:

# Estimation of Rural Househol d Consunption
# in constant prices, per capita

f time = @un(tine,1,0) + 69

lim80 90

f rni $=rni/rpindex

f drni $=rni $-rni $[ 1]

flrni$ = @og(rni$)

punch rconsunp. egn 11 4 1990

ti 1 Rural Consunption per capita of Grains
f relprice = rpl/rpindex

f Irelprice = @og(rel price)

f Iherl = @og(hcrl)

r lherl =1Irni$ lrelprice, time

ipch her 1

gr *

ti 2 Rural Consunption per capita of Meat
f relprice = rp2/rpindex

r hcr2 =rni $,drni $

i pch her 2

gr *

ti 3 Rural Consunption per capita of O her Food
f relprice = rp3/rpindex

r hcr3 =rni$,drni$, relprice

ipch her 3 p

gr *

punch of f

All but two of the above commands are basic G commands. The new commands, introduced especidly
for Interdyme, are “punch” and “ipch”. The*punch” command used in this example was.
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punch rconsunp.eqgn 11 4 1990

It creates the file RCONSUMP.EON for writing the results of the estimation. (The word "punch” recalls
the days when these results would have been literaly punched into cards) The three following numbers
are written onto thefirt line of thefile. They indicate that the coefficients should be stored in amatrix with
11 rowsand 4 columnsand that 1990 wasthelast year of estimation of the equations and should therefore
be the year in which the rho adjustment error is set for these equations.

After the first regresson comes the command "ipch her 11", (That last character isthe letter |.) The
"ipch” is the "Interdyme format punch” command of G. The "hcr" is an identifier of the functions for
"household consumption - rurd™; the 1 isthe sector number; and the'l" indicatesthat thisisthe"logarithmic”
type of equation. Inthe second equation, thetypeindicator is'i' for the "income only” type; and in thethird,
itis'p, indicating alinear equation with aprice term. The type can be any Sngle character.

The results of this estimation are the following linesin the RCONSUMP.EQN file.

11 4 1990

her 11 4
1234

0.116921 5. 0804 0. 785301 - 0. 456858 -0. 0614286
her 21 3

123
-0. 155197 10. 9351 0.205765 -0.0288345

hcr 3 p 4
12314

0. 3238 -9. 82683 0. 183114 -0. 111612 -27. 2031

Note that thefirg linein thefile containsthe three numbersfrom the "punch" command. After it, eechtriplet
of lines represents an equation. The firgt line repesats the information from the "ipch” command and adds
the number of regresson coefficients in the equation. In the third line, the first number is the rho for the
equation; theremaining numbersaretheregression coefficients. Thesecond line of each triplet hasasmany
integers as there are regression coefficients. They are the column in the regression coefficient matrix into
whichthe regression coefficients go. In the example, they are al consecutive, but had the third category's
equation used only income and relative price (and not dso change in income), then the commands in G
would have been:

r her3 =rni$,relprice
ipchhcr3pl124

and the line of integers would havebeen™ 1 2 4". Since the coefficient matrix is origindly set to zero, this
device dlows one type of equation to be used for dl variants of the equation that differ from the base type
only by omitting one of thevariables. Notethat the numbersat theend of the*ipch” command are optiondl.
If these are not specified, then thisindicatesthat dl possible variablesfor thisequation type are being used
in this equation.
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The full formal description of the ipch command is asfollows
ipch [which] <label> <sector> [type] [psnl] ... [psON]
where:

which is used only when an equation has been estimated with "stack” or "sur" o that the
coefficients are in rcoef 1, rcoef2, etc. "which" isthe suffixed number.

label  isthe name of the matrix into which the parameters go.

sector isthe number of the sector to which the equation applies.

type isacharacter (a b, c, etc) that Sgndsthetype of form of the equation. Type should not

be anumerd.
psnl isthe column number in the matrix where the firg regression coefficient
belongs.

psnN  isthe column number of the last regression coefficient.

The function in the forecasting program to use this equation is the following. Near the beginning of the
program, there is the statement

Equation rconsump(*'rconsump.eqn™);

It defines "rconsump” as an object of the type Equation and readsin the vaues of the coefficientsand rho's
from the file RCONSUMP.EQN. Thenin the loop through the yearsin the modd's cdculations, when it
istime to compute the rura household consumption functions, there is the statement

herfunc(hcer, rp, rconsump);

The herfunc() function is then the following.

/* hcrfunc() -- the Rural Househol d Consunption functions for China nodel */

int hcrfunc(Vector& hcr, Vector& rp, Equation& rconsunp)

{
int n, i,j,t1;
float cons, Ip,ly,tine;
char whi ch;

time =t - 1900;
n = rconsunp. neq; // Nunber of equations

/* rni is rural income per capita, rpindex is the price index for rural
househol ds, so rni_ is real incone per capita in rural househol ds. */

/'l Conmpute variables used in several equations.
rni _[t]l=rni[t]/rpindex[t];

ly = 1log(rni_[t]);

drni _[t]=rni _[t] - rni_[t-1];
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/1 Loop over the equations
for(i =1; i <=n; i++){
j = rconsunp.sec(i); // j is the sector nunber of this equation.
whi ch = rconsunp. type(i);
if(which == "p"){
cons = rconsunp[i][1] + rconsunp[i][2]*rni _[t]
+ rconsunp[i][3]*drni _[t] + rconsunp[i][4]*rp[j]/rpindex[t];
}
else if(which == "i"){
cons = rconsunp[i][1] + rconsunp[i][2]*rni_[t]
+ rconsunp[i][3]*drni _[t];
}
else if(which == "1"){
I'p = log(rp[i]/rpindex[t]);
cons = rconsunp[i][1] + rconsunp[i][2]*ly
+ rconsunp[i][3]*Ip + rconsunp[i][4]*tine;
cons = exp(cons);
}
el se{
printf("Unknown equation type % in hcrfunc, category %d.\n",
whi ch,i);
tap(); //Pause so that error nmessage can be read.
conti nue;

}
/1 Note the use of i and j in the follow ng statenent.
hcr[j] = rconsunp.rhoadj(cons, hcr[j],i);
}
her. fix(t);
return(n);

}

Note here that rconsump, as an Equation object, has certain functions:

rconsump.neq

gives the number of equations. It may be less than the number of ements in the vector being
defined. For example, the export vector usually has as many rows as does the input-output table,

but many of them are zero. There need be no equations for these dements.

rconsump.sec(i)

gives the sector number of equation number i. The equations are stored in the order in which they
are read, which may be purely random. Thus, equation 1 might be for element 17 of the vector
being defined, in the case of the example, pce. Inthiscase, rconsump.sec[ 1] would give thevalue
17. This digtinction is epecidly important for export or import equations where there is not an
equation for every input-output sector. j = imports.sec(i), however, would give the input-output

sector for equation i.

rconsumpyi][j]
givesthe coefficient j in equation number .
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rconsump.type(i)
returns a character that describes equation i.

rconsump.rho(i)
returns the rho value for equation i.

rconsump.rhoadj(cons,her(j] i)
returns therho-adjusted predicted va uefor equationi. Here"cons' iswhat the equation predicted,
and "har isthe vaue that was previoudy in her(j].

rconsump.GetL oc())
This function was not used in the example, but may be useful dsewhere. It returns the equation
number of the equation for a given eement number of the sector being defined. It is thus the
inverse of the sec() function.

Thesefunctionsareavailablein any Equation object. Noteasothe & 'sinthedeclaration of the"rconsump”
function. These &'s cause the Vector and Equation objects to be passed by reference. Without them, a
full copy of each Vector and Equation object would be made each timethefunctioniscaled. Such copying
would not only be wasteful of time but would mean that the "hcr[j] =" statement at the end would put the
desired vaue into the copy which would then be thrown away when the function returns.

Note dsothecal to“her.fix(t)” near theend of thefunction. Thisappliesany fixesthat have been specified

to the vector her. The next section discusses vector, matrix and macro fixes. Notethat if thefix() function
for avector is not caled, the fixes will not be gpplied.
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5. FIXESAND THE FIXER PROGRAMS

Fixes, as used here, are ways to make a modd work the way we warnt it to, not necessarily the way
that emerges fromits equations. The power that fixes give over amode can certainly be, and often has
been, abused. Nonetheless, they have alegitimate role. Suppose, for example, we wish to consider the
impacts of some event which the equations never dreamed of, like anaturd disaster or amassive overhaul
of the hedth care system. Then afix isthe natura way to convey to the model that the equations are not
to be entirely trusted.

Interdyme has three types of fixes, those for macro variables, those for vectors and matrices, and a
specid type for industry outputs.

Macro Variable Fixes

Macro varigblefixes are fixes gpplied to variables of type Tseries, which are defined using the Idbuild
program described above. Thesefixeswork very like those of mode s built with the G-Build combination,
but also have much in common with the vector fixes described in the next section. The program that
handles the macro variable fixesis caled MacFixer. Theinput to MacFixer isafile prepared by the user
with a text editor. It should have the extenson .mfx . Once this file has been created, the program
MacFixer isrun by Mode | MacFixer on the G main menu. The results of this program are written to a
"macro fix bank™, which isessentidly a G bank, which can be read with G. Theroot name (the part of the
filename before the dot) of the macro fix G bank is passed to MacFixer through the form which the above
G command opens. It must also be passed to the smulation program by the form that opens on the
command Modd | RunDyme.

MacFixer requires a configuration file, caled MACFIXER.CFG. It is created by G from the
information provided on the form opened by the Modd | MacFixer command. This form requires the
name of the text input file, the root name of the G bank file used for base vaues for the index and growth-
rate fixes (thiswould normaly be the G bank created for use with the smulation program), the name of the
G bank which will contain the vaues of the fixes, and the name of the output check file. Thislast file shows
the values of each fix in each year, and serves as a check on the resultsin the binary file.

Whileit is up to the user to namefiles, it makes good sense to give filesfor the same smulation the same
root name. A smulation that involves low defense expenditures, for example, could have a G bank file
caled LOWDEF.BNK, and a.mfx file caled LOWDEF.MFX.

There are severd varieties of macrofixes that may be given, and they are described in the list below:
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kip
isthe amplest type of fix. It Imply skips the equation and uses the vaues in the model G bank. For

example
skip i nvn$35

would skip the equation for themacro variableinvn$35, and usethe vaue dreedy inthemodd G bank.

overrides the result of the equation with the vaue of thetime seriesgiven. Vauesbetween given years
arelinearly interpolated. In the example below, the macro fix program would caculate and override
afix seriesthat startsin 1992, ends in 2000, and movesin astraight line between the two points. For
example,

ovr uincone$

92 154.1
2000 182. 3;

would override the vaue of the forecast of uincome$ with the va ues shown for the years shown. Note
that year can be either 2-digits or 4-digits (they are dl converted to 4-digitsin the program).

mu
multiplies the equation's forecast by a factor specified by the data series on the following line. For
example,
mul ulfi$
1992 1.0
1995 1.05
2000 1. 10;

multiplies the forecast results for the macrovariable ulfi$ by the factors shown. Vaues of the
multiplicative fix between the years shown are linearly interpolated.

cta
does a congtant term adjustment. That is, it adds or subtracts the value of the time seriesto the result

of the equation. Thetime seriesis provided by the fix definition. For example,
cta nonagi ncone
1992 . 0001
1995 200
2000 180;

is a congtant term adjustment for nonagricultura income from 1992 to 2000. Intermediate values are
of course linearly interpolated.

ind, dind
isavariety of the override fix that goecifies the time series as an index. There must be datainthevam
filefor theitem being fixed up until at least thefirs year of theindex series pecified. Thevauefor the

item in that year isthen moved by theindex of the time series given by the fix lines. For example,
i nd wag01
1982 1.0 1.03 1.08 1.12 1.15
1997 1.21 1.29 1.31 1.34;
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will movethe vaue of wag01 in 1982 forward by therate of change of the seriesgiven, and will replace
the caculated vaue of wag01 by this vaue when the modd isrun.

The*dind” verson of theindex fix isthe “dynamic index fix”. Thisfix can gartin any year, and does
not rely on historical databeing present inthe databank. Rather, thefix iscaculated based on thevaue
of expresson during the modd solution for the first year of thefix.

gro, dgro
is atype of override fix that specifies the time series by growth rates. For the growth rate fix to be
legd, there must be datain the vam file up until at least the year before the first year of the growth rate

fix. Missng values of the growth rates are linearly interpolated.
gro wagOl
1993 3.1
2000 3.4,

The“dgro” versgonisthe“dynamic growthratefix”. Thisfix can sartinany year, and does not require
data to be avallable in the databank for the starting year of the fix. The growthrateisawaysapplied
to the vaue of the variable in the previous period.

stp, dstp
isastep-growth fix. Itislike“gro” except that a growth rate continues until a new one is provided.

A vauefor thefina period is necessary.
stp wagOl
93 4.1
95 4.5
2000 5.0;

The “dgtp” versonisandogousto the“dgro” fix, only the vaues of the fix areinterpolated differently.

rho
isarho-adjusgment fix. Thistype of fix finds the error made by an equation in the last year for which
thereis data; in the next year, it multipliesthis error by the given rho and adds to the vaue forecast by
the equation; the next year it multiplies what it added in the first year by rho again and adds the result
to the equation’s forecast, and so on. For rho-adjustment fixes, the format is:
rho <depvar> <rho_vaue> <rho_set date>
where
rho_vaueisthe vaue of rho.
rho_set_dateisthe year in which the rho-adjustment error is
to be cdculated. If noneis provided, it isset in the
firg year of the run.

for example:
rho i nvn$38 .40 1995
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tdls the modd to gpply a rho-adjustment to the variable invn$38 using the vaue .40 for rho, and
garting the rho-adjustment in 1995.

A rho fix with arho_set date works like a"skip" in years before the rho_set date. A variable can
have a"rho" fix in conjunction with and a "cta’,"mul","ind" or other type fix. The rho adjusment is
applied before the other fix.

isan eguation fix. Thistype of fix lets you dynamicaly introduce a new equation relationship into the
modd at runtime. Theadvantage of thistype of fix isthat usersof themode who are not programmers
can introduce their own assumed relaionships into the model, without having to change the modd
program code. Itisaso hepful for prototyping amode, where you want to quickly try out different
equation relationships to see how they work, before coding them into the modd.

The equation fixes use the same expression syntax as used in the “f” command and other commands
in G. The format for equation fixes for macrovaridblesis:

egn <Macroname> = <expresson>
<year> <vaue> [<vaue> <vaue> ...]
<year> <value> [<vaue> <vaue> ...]

where: <Macroname> isalegitimate name of amacrovariable, <expresson> isalegitimate expresson,
as described below, and the <year> <value> entriesarein the same format asthe datafor other fixes,
but indicate the years for which the equation fix is to take effect. They aso represent the time series
for agpecid variable cdled “fixva”, which can be used within the equation expresson. This “fixval”
variable can be used wherever avector or macrovariable could be used.

Just about any expression that islegd in G islegd for an equation fix, except that only a subset of
functions areimplemented. These functions are: @cum, @peak, @log, @exp, @, @rt, @pow,
@fabs, @sin, @pct, @pos, @ifpos, @pct, @rand and @round.

Lagged vaues of any order can be used, with the condtraint that they must not be before the starting
year of the modd G bank (DY ME.BNK). Macrovariables are read directly from memory. Lagged
vaues of vector variables are read from the Vam file. Therefore, you can use alagged vaue of any
vector as far back as the starting date of the Vam file, and you are not limited by whether or not that
vector has been declared to store lagged vaues in memory in VAM.CFG.

Examples

#MaketheT hill rate equa to the average inflation plus some percent,
# gpecified in “fixvad”.
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fol

sr

egn rtb = .34*gnpinf + .33*gnpinf[1] + .33*gnpinf[2] + fixva
1998 1.0
2010 1.5;

isafollow fix. The follow fix alows you to specify that a macrovariable should move like some other
quantity, which may be specified asagenerd expresson involving vector and macrovariables, just like
the equation fix.

The generd format for the follow fix is:

fol <Macroname> = <expression>
<year> <vaue> [<vaue> <vaue> ...]
<year> <value> [<vaue> <vaue> ...]

The variable“fixva” should not be used in the follow fix expression. Itspurposeisto specify agrowth
rate to add to the growth of the expression.

For example, if we would like to specify that Medicaid trandfer payments grow like red digposable
income per capita, plus 0.1 per cent, we could write:

fol trhpmi = di87/pt
1997 0.1
2010 0.1

isasharefix. Thisfixed isused to specify that the macrovariable should be a certain share of another
variable or expresson, with the share specified by thefix vaue. Actudly, the* share” isjustamultiplier,
S0 it can be any number.

The generd format of the sharefix is
ghr <Macroname> = <expression>
<year> <vaue> [<vaue> <vaue> ...]

<year> <vaue> [<vaue> <vaue> ...]

In the sharefix, thefix vadueisthe multiplier or share to multiply by the right hand Sde expression.



When the input file as described above is ready and the macfixer.cfg file cdls for its use, type "mecfixer"
at the DOS prompt to invoke the program Macfixer. When the modd is running, cdls to the "modify"
function will gpply thefixes, usng theinformation in the macro fix G bank specified in the dyme.cfg for that
run. Notethat to view thefixesinthemacrofix databank, specify the series name asthe name of the macro
variable, followed by acolon ('), followed by a one-letter code sgnifying the type of fix.

These codesareasfollows: skip ('k), ovr ('0), cta('c), ind (i), gro ('g"), stp ('S), and rho ('r'). Therefore,
to view a“cta’ fix on the varigble invn$38, do the following command in g:

ty invn$38:c

Macro fixesprovide an dternative way to supply valuesof exogenousvariables. Exogenousvariables,
to review, should be put into the "hist" bank in the process of running Idbuild. If the varigble gppearsin no
.sav filefor amacro equation, then it isincluded in the PSEUDO.SAYV file. The standard way of providing
the values of the exogenous variables is then through "update’ or other commands in Vam. Another
possibility for providing exogenous vauesisto have aspecid run of G with the"hist" or other bank asthe
workspace bank. Findly, one can providethe exogenous vaues as macrofixes. For example, if wewant
dignc to be an exogenous variable, then -- however we are going to provide the values -- we need the
gatement

f disinc = disinc
inthe"pseudo.sav" file. To usethe macrofix method of assgning values, we need in the code of the modd
the statements

depend=di sinc[t];

disinc[t] = disinc.nodify(depend);

We could then provide the valueswith "ovr", "ind", "gro", or "sp" commandsto the macrofix program, for
example, by

gro disinc

1995 3.0

2000 3.5

2005 4.0;
This method has the advantage of keeping al the fixes which condtitute a scenario in one place. It dso
dlowsthe use of the"gro” and "sp"” fixes, which may be convenient. It has the disadvantage of adding an

additiona seriesto the banks which condtitute the modd and an additiond satement within the modd.
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Vector and Matrix Fixes

The vector fixes are more complicated than macro fixes because they can gpply to individua dements
of avector, to the sum of agroup of eements, or to the sum of adl eementsin the vector. However, the
format of the vector fixesisvery smilar to that of the macro variable fixes, described above. Matrix fixes
at the current version (Interdyme 2.2, Fixer 1.5) are till rather asmple, onefix being applicableto only one
cdl of amatrix. The preparation of the vector and matrix fixes is thework of the Fixer program. (Fixer is
also sometimes referred to as VecFixer.)

G, it should be noted, normally prepares vectors of exogenous variables, fixes apply to vectors of
endogenous variables. However, the Fixer program can aso be used to supply the values of exogenous
vaiablesaswdl. Also, when building amodel, before dl the equations are finished, Fixer can beused to
project the vaues of right hand Sde variables of some of the equations.

When and how arefixes gpplied asamodd runs? Unlike the macro fixes, which are automaticaly applied
when a macro regression equation is calculated, vector and matrix fixes are gpplied where the model
builder specifies. At the point wherethefixesfor thevector x should be gpplied, the modd builder must
put into the program the line

xfix(t);

Theinput to Fixer isafile prepared by the user in atext editor. It should havetheextension .vix . Fixer
a so reads the definitions of static groups of sectorsand writesthem into the GROUPS.BIN filewhich can
be used both by the smulation program and by G. To use the Fixer program, it is essential that the
model's VAM.CFG file should have a vector called "fix" with enough rowsto dlow onefor each fix.
As Fixer reads the fixes from the inpuit file, it stores the numerica vaues of the fixes into this "fix" vector
inthe vam file. 1t dso creates a"fix index" file, which will have the extenson .fin and tdlls the smulation
what to do with each fix. Findly, it produces a binary file with the definitions of groups, cdled
GROUPSBIN. If G hasdready produced a GROUPS.BIN file, Fixer readsit and may add to it.

Fixer is started by the command Modd | VexFixer on the G main menu. From theinformation on the
form which this command crestes, G prepares a configuration file, caled FIXER.CFG, which isread by
the Fixer program. Thisform specifies the root names of:

the text input file

the fix index file

the vam file used for base vaues for the index and growth rate fixes

the name of the output check file, which will show the sectorsin each group and the vaues of each fix

ineach year. Itisused only for manua checking of the program.
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While it is up to the user to name files, it makes good sense to give files for the same smulation the
same "root" name. A smulation that involves low defense expenditures, for example, could have a vam
file cdled LOWDEF.VAM, and a.VFX file caled LOWDEF.VFX.

For vectors, fixes may goply to asingle dement or to agroup of dements. The concept of a"group”,
dready touched upon under Vam, is centra to the working of Fixer. Badcdly, agroup issmply a st of
integers, usually representing sectorsin the modd.  Defining groups is useful because we often want to
impose afix on agroup of dementsin avector. For example, we may want to control the total exports
of the chemica manufacturing sectors. We might then creste agroup named "chem”, which would contain
the sector numbersof al the sectorsin question. The command for defining agroup is™grp <groupname>",
where the groupname can be a number or aname. The sectors defining the group are then entered on the

next line. For example,

grp 1
7 10 12

creates agroup cdled 1 of the sectors 7, 10, and 12. The"-" sign means consecutive inclusion. Thus
group zwanzig
1- 20

conggts of thefirst twenty integers. Parentheses mean exclusion. Thus
group duo
szwanzig (2 - 19)
makes the group "duo" consst of theintegers 1 and 20.

When a group is referenced after it is defined, its name must be preceded by a colon, as shown when
"zZwanzig" was used in the definition of "duo" above. Names of groups are case senstive; commands for
Fixer must belower case. Groupsdo not haveto be kept in numerica order and can be defined anywhere
in the input file before the firgt time you used them. If you try to redefine an existing group, the program
will complain, unless the new group has less than or equd to the number of eements in the old group.
Referencesto other groups can be used in new group definitionsonly if the groups referenced have aready
been defined.

Interdyme provides anumber of waysfor afix towork. Indl of them, atime seriesis specified by the
fix. The forms of thefix differ in how they obtain and in how they gpply thistime series. Thebasic format
of theinput file for avector fix is

<command> <vectorname> <GroupOrSector>
followed on the next line by the year and vaue of the fix. The basic format of the input file for amatrix fix
is

<command> <matrixname> <row> <col>
Definitions of the 6 legd commands and examples follow.
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ovr
overrides the result of the equations with the value of thetime seriesgiven. Again, intermediate vaues
arelinearly interpolated. In the examplebelow, thefix program would calculate and overridefix series

that startsin 1992, endsin 2000, and moves in a sraight line between the two points. For example,
ovr ex 10
92 154.1
2000 182.3;

would override the value of the forecast of dement 10 of the "ex" vector (probably exports) with the
values shown for the years shown. Note that year can be either 2-digits or 4-digits (they are all

converted to 4-digitsin the program). Asan example of a matrix fix,
ovr am1 9
1990 .23
1995 . 26
2000 . 28;

would override the value of the A-matrix in the Vam file for dement (1,9), from 1990 to 2000. As
before, missing vaues are linearly interpolated.

mu
multiplies the equation forecast by a factor specified by the data series on the following line. For
example
mul im 44
1992 1.0
1995 1.05
2000 1. 10;

multipliesthe forecast resultsfor imports of sector 44 by thefactorsshown. Vauesof themultiplicative
fix on imports between the years shown are linearly interpolated.

cta
does a congtant term adjustment. That is, it adds or subtracts the vaue of the time seriesto the result

of the equations. Thetime seriesis provided by the fix definition. For example,
cta def :Alice
1992 . 0001
1995 200
2000 180;

is a congtant term adjustment for defense expenditures of al sectorsin the Alicegroup. Intermediate
vaues are linearly interpolated.

ind, dind
isavariety of the override fix that specifies the time series as an index. There must be datain the vam
filefor theitem being fixed up until a least thefirst year of theindex series pecified. Thevauefor the

item in that yeer isthen moved by the index of the time series given by the fix lines. For example,
i nd pceio :zwanzig
1982 1.0 1.03 1.08 1.12 1.15
1997 1.21 1.29 1.31 1.34;
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will caculate the sum of the elements of the pceio vector included in the group "zwanzig' in 1982, will
move that sum forward by the index of the series given, and will impose that contral total on the those
eements when the modd is run.

The“dind’ verdon of the fix can gart in any year, and indexesthe seriesto the va ue of the expression
in the garting year of thefix.

gro, dgro
is atype of override fix that specifies the time series by growth rates. For the growth rate fix to be
legd, there must be datain the vam file up until at least the year before the first year of the growth rate

fix. Missng values of the growth rates are linearly interpolated.
gro out 10
1983 3.1
2000 3.4,

The “dgro” version of the growth rate fix can Sart in any year, and dways caculates the seriesin the
present period based on the vaue in the previous period.

stp, dstp
isastep-growth fix. Itislike“gro” except that a growth rate continues until a new one is provided.

A vauefor thefina period is necessary.
stp out 1
83 4.1
95 4.5
2000 5.0;

The“dgtp” versonisthe dynamic verson, which can gart in any year. Itisjust like*dgro”, except for
the method of interpolation of the fix values.

eqn
The equation fix for vectors works in the same way as the verson for macrovariables, with the
exception that the name of the vector must be separated from the sector number by a space. For
example

# Make the pce deflator for category 3 grow |li ke the aggregate PCE defl ator
# based on the ratio in 1997, from 1998 to 2010.
egn cprices 3 = cprices3{1997}/apc{1997} * cprices3

1998 1

2010 1
# Make corporate profits in sector 1 remain a constant share of total
cor porate

# profits, equal to the share in 1997:
egn cpr 1 = cpr1{1997}/vcpr{1997} * vcpr
1998 1
2010 1
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fol

Thefollow fix gpecifiesthat an eement or group of acertain vector should follow the expresson onthe
right, plus or minus a certain growth rate, which can be specified in the body of thefix. Itisoften used
to make imports of a certain commodity grow like domestic demand. For example, the following
follow fix makes crude petroleum imports grow like domestic demand, plus 0.2 percent per year:

fol im4 = dd4

1998 0.2
20300.2
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dr
The sharefix takes the vaue of the body of thefix (fixval), and multiplies the right hand expresson by
it, before assgning the vaue to the left hand Sde variable or group. Like the follow fix, atypicd use
for thisfix might be in contralling the relation between imports and domestic demand. The example
below specifies the share of domestic demand for imports of Radio, televison and video equipment:

shr im 42 = dd42
1998 .9
2000 .92
20301.0

Whentheinput file as described above isready and the FIXER.CFG file calsfor itsuse, type "fixer" at the
DOS prompt to invoke the Fixer program.

Output Fixes

The output fixes dlow the vaues of output specified inthe vam fileto override va ues computed by the
input-output equations. Thereisthenthe question of what to do with thedifference. Interdyme offerstwo
possibilities: add any excess demand to imports or smply ignorethedifference. The optionsare specified
in column 18 of the SECTORS.TTL file, which
is where the names of the input-output sectors are. The options for this column are:

e usetheequation

I add the difference to imports

d put the difference in a vam vector named "dump”, where nothing is done with it, but it can be

displayed.
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6. THE SMULATION PROGRAM

The amulation program must be written individually for each country modd. However, the main
program changes little from country to country, and a number of tools are available in the Interdyme
package which make writing the program quite easy. Thesetoolsinclude programsfor readingindl of the
vectors and matrices of a given year from the vam file, for storing them back again, for handling lagged
vaues, for performing matrix and vector adgebraon theVVam vectors and matrices, for solving input-output
equations, for summing vectors, and for imposing control totals on vectors. Other tools are for using the
equations prepared by |dbuild and still othersfor using detached-coefficient equations. Perhgpsan example
is the best way to introduce the various possibilities. We shdl look at a smple verson of the Chinese
model, Mudan. We shd not reproduce thewhole of the program but only thoselinesnecessary toillustrate
the methods to be used.

User Written Code

All code that needs to be modified for individua country models is in the three files MODEL .CPP,
CONFIG.CPP, and USER.H. MODEL .CPP containsthe main function of themode, calledloop(), which
cdls dl of the vector equation (detached coefficient) functions, aswell asthe macrovariable functionsfrom
HEART.CPP, created by the | dbuild program. CONFIG.CPP contains codefor the user interface screen
at the sart of the program, that requests mode -specific information from the user. USER.H contains
declarations of globa variablesthat are mode-specific, asas namesof inpuit files, or other specid variables
that need to be shared among many machines. Theideabehind the structure of thefilesisthat these should
be the only filesthat the modd builder needsto change. Asnew versions of Interdyme become available,
one need only get the DY MEVxxx.ZIP file from the Inforum FTP Ste, unzip it to atemporary directory,
and run GETDYME.BAT to bring over the new source code .CPP and .H files from the Interdyme
digtribution. In some cases, you may want to make changesto the filesFEATURESH and DY ME.CPP.
FEATURESH isalig of features of Interdyme, and each line that contains a definition such as

#defi ne | NCL_MACRO

may be commented out if you don’t need to include that feature. Comments in this file indicate what
features each define enables. For example, if you are writing a modd that uses no macrovariables,
commenting out “INCL_MACRO” will make the modd code smdler and it will take up less memory.

I nterdyme System Code
Although we have digtributed source code for other modules, we urge that you use it only as a sort of
ultimate documentation. Please make no changes in these other modul es except for error corrections

which you have discussed with the gaff at the University of Maryland. If you change theseroutines, you
will bein deep trouble when changes, improvements, and corrections are madein the standard version, for
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youwill not be adle smply to copy the new modulesinto your directory and usethem. 'Y ou may aso make
your modd virtualy impossible to link. 1f you need to add routines, please put them in the MODEL .CPP
or add extramodules. Be cautiousaso with "corrections'; many "corrections’, we have found, arearesult
of misunderstanding and in fact introduce serious errors. Please keep usinformed of suspected problems.
Also, pleasetell usof any problemsyou have or nicefeatureswhich you have added in your MODEL.CPP
or CONFIG.CPP modules. Before working with the tutorid that follows, you may want to print out the
copy of MODEL .CPPthat comeswith Simdyme, and seewherein that file thefollowing sections of mode
code would go. Also, you may want to refer to the Overview of Interdyme (available upon request)
which contains other samples of features of the smulation program.

A Tutorial Example

The first lines of MODEL .CPP which need to be changed for a different country are these:

/1 prototypes for China nodel

voi d | oop(void);

int prtfunc(Vector& prt, Matrix& Qut, Equation& producty);
int hcrfunc(Vector& her, Vector& rp, Equation& rconsunp);

int vinfunc(Vector& vin, Equation& invetory);

They are prototypes of the variousfunctionsto use detached coefficientsto calculate variousvectors. They
dl have to be changed to match whatever functions the new mode has. Although they appesar first,
changing them may be one of the last things you do in adapting the modd.

In the main program, the only lines which need to be changed for different countries are these which
Set up the screen to be displayed while the model operates.

/* The following 6 statenents are the only ones in main() that can be
changed for different country nodels to get different colors
and title. */

textcolor(15); // 15 is for white letters

t ext background(4); // 4 is red, 1 is blue, 0 is black background

clrscr(); /1 clear the screen

got oxy( 15, 1); /1 put cursor in colum 15 of line 1 on the screen
cprintf("MJDAN -- MILTI SECTORAL DYNAM C ANALYSI S FOR CHI NA");

got oxy( 30, 2); /1 put the cursor in colum 30 of line two of the screen

cprintf("Version 2.2"); [// wite text to the screen
/* end of changeabl es */

The next program to modify is configure() in CONFIG.CPP. It displays the contents of the
DYME.CFG file and dlows them to be changed for the individud run. Hereisthe DY ME.CFG file for
Mudan.

Title of run ; Forecasting up to year 2000
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Start year ; 1987
Fini sh year ; 2000
Di screpency yr ;1987
Use all data? ;yes

VecFix file ; Vecfi xes
Macr oFi x bank ; Macfi xes
Vam file ; dyme
G bank ; dyme
BW Prmatri x ; bmv. pnx

debug start yr ;32000

Max iterations ;100
Note that it gpecificdly names the file containing each packed matrix. In Mudan, there is only one,
BMV.PMX.

Now here arethefirg few satementsreading the DY ME.CFG file. The only command line option on
the dyme programisthe name of thisfile. At the point where we now look, whatever is on the command
line has been put in the string CfgFileName; its default vaue, as you will see here, is DY ME.CFG.

len = strlen(CfgFil eNane) ;

if(len == 0) strcpy(CfgFil eNane, "dyne. cfg");

if((fpcfg = fopen(CrgFil eName, "rt+")) == 0){
printf("Cannot open % as the configuration file.\n", CfgFil eNane);
return( ERR);
}

err += getopt(fpcfg, RunTitle, 76);

err += getopt(fpcfg, szGDate, 4);

err += getopt (fpcfg, szStopDate, 4);

err += getopt(fpcfg, szD scDate, 4);

err += getopt(fpcfg, szUseall, 3);

err += getopt (fpcfg, VecFi xFi | eNang, 60) ;

err += getopt (fpcfg, MacFi xFi | eNang, 60) ;

err += getopt (fpcfg, VanFi | eNane, 60) ;

err += getopt (fpcfg, GhankNane, 60) ;

/1 Each packed matrix has its own file name, read here
err += getopt (fpcfg, BnvFil eNane, 60) ;

i%kerr < 0) exit(1);

The getopt function gets a string from the DY ME.CFG file. 1t kipseverything on each lineout to thefirst
"' and then reads in the rest of the line into its second argument. Itslast argument, aninteger, isthe number
of charactersto put into the string. The reading of the DY ME.CFG file can be changed as necessary to
matchthemodd. In particular, note the reading of BmvFleName. The name of each packed matrix must
be read just as this one is, s0 if your modd has packed matrices, you must follow the example for
BmvFileName and put here the necessary commands to read their names. DY ME.CFG isagood place
to put the reading of miscellaneous options, such aswhether to run one block of the modd or not, whether
to write debugging output to afile, or how many modd iterationsto alow.



The next commands display this information and alow the user to changeit. They employ the CXL
windowing library. Y ou will want to change the line

witle("[ DRC MJDAN MODEL -- RUN OPTIONS ]", TCENTER WH TE| _BLUE) ;

which supplies atitle for the display page. To read and display additiond file names,
follow the example of these lines:

wprints(10,2,Y ELLOW| BLUE,"Vector Fix File");
Winpdef(10,17,VecFixFileName, "+ *** % x s sk kkkikkkkxxxxxxxxxxsxkxt 0| B UE| LGREY,L,NULL);

In the "wprints' function, the first two integers are the screen co-ordinates (column and row) of the
beginning of the text on the screen. In the “winpdef” function, the two integers are again screen co-
ordinates, while VecFixFleNameisthe adring name. The function displays the information in this string
and dlowsthe user to change it. There should be one * for each character to be displayed and read. If
there are more or less *'s than characters in the string being reed, it does not work correctly. Hence, the
getopt() function padsthe end of the stringsit findswith blanks so they will display correctly. Beforethese
strings can be used for other purposes, such as opening files, these banks must be removed. That is the
function of the depad() function shown in these lines:

depad( MacFi xFi | eNane) ;
depad( VantFi | eNan®) ;
depad( GhankNane) ;
depad(BnvFi | eNane) ;

Note that if you choose not to use the CXL windowing library, you can turn off these screen features by
going into the file FEATURES.H, and commenting out the line that reads:

#defi ne | NCL_SCREEN

Note particularly the last of these lines; if you use a packed matrix, you must not only read and display its
name, you must aso remember to depad the name.

In the MODEL.CPP module, the centrd function for running the mode, and the one which requires
the most writing, isloop(). It makes extensve use of the ability of C++ to define objectsthat contain more
thanonekind of basicdata. In particular, it usestheVector and Matrix objects, definedinthe MATRIX.H
file and the Equation object defined in EQUATION.H. Such aVector ismuch morethan just an array of
floating point numbers, dthough it containsthat array. It aso includes the number of rows and number of
columns in the vector (one of them must be 1), functions for reading the vector from a vam file, and
functions for adding or subtracting two vectors, and functions for multiplying the vector times a scdar or
amatrix. The Matrix object smilarly includes more than just the array of numbers. We will quickly see
these objects at work in the beginning of loop() from the Mudan modd of China

voi d | oop(voi d)

{
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int i;
float toler,ptoler; // tolerances for Seidel iterative solutions for outputs and prices.
float sunil12],sigma,initkgdp,y,rscale,uscale,enprat; // Variables particular to Miudan

/* Put matrix declarations here. The format is
Mat ri x <Dynenane>("<vamame>", <r eadf | ag>, <wri t ef | ag>)
Vect or <Dynenane>("<vamane>", <r eadf | ag>, <wri t ef | ag>)

where <Dynenanme> is what the object will be called in this program
<vamane> is what it is called in VAM

<readflag>is 'i' toread only in the initial year.
‘n'" NEVER to read.

'a' toread if data is available for the year.
'y' to read in every year.

<witeflag>is 'n" if theitemis not to be witten.

Default values of readflag = 'y' and witeflag = 'y' are supplied
if they are omitted in the declaration. Vectors with |agged val ues

shoul d be declared both as a Matrix and as a Vector.
*/
Matrix A("ant,'a','y'), MO("bmcu","a","'y"), MOR("brer”,ta', ' y' ),
Pmatrix B("bm",'a ,'y");

Matrix lprices("iprices","i','n"), Qut("out","i','n"),
Prices("prices","i"','n"), Up("up","i',"'n"),Rp("rp","i","'n");
Vector hcr("her","a'), hcu("hcu","a), invn("invn"), invr("invr"),
Cr("Cr”, ll nl CU("CU", L} nl ), Cap( "Cap", L} nl ), pub( " publl),
vin("vin"," accun("accunmt,'n'), export("exp",'a'),

a'),
imp("inp","a ), netexp("netexp",'n'), othdn("othdnt), fd("fd",'n"),

Vector wi(11),w2(19), wager at e87(33);

These declarations of the Vector and Matrix objects

< grab the space necessary for storing the objects

< st up acorrespondence between the objects and the vam file

< enablethe C++ compiler understand references to the variables in subsequent statements.

Note that B, corresponding to “bmv” in the vam file, is declared as a Pmatrix, thet is, as a packed matrix.
Thefile that contains this packed matrix is specified in the DY ME.CFG file.

Read carefully the comment in the program, especidly about the use of the read and writeflags. Their use
can save alot of timein execution.

Next comes the definition of three "scratch” vectors that do not gppear in the vam file.

Vector wi(11),w2(19), wager at e87(33);

The following lines define detached-coefficient equation objects for consumption of rurd households
(rconsumpy), for consumption of urban households (uconsump), and so on for other sets of detached
coeffident equationsinthemode. The argument to each of these declarationsisthe DOS name of thefile
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with the results of estimating the equationsin G. It is convenient but not necessary for these file namesto
end in .EQN.

Equati on rconsunp("rconsunp. egn");
Equati on uconsunp("uconsunp. egn”);
Equati on inports("inports.eqn");
Equati on exports("exports.eqn");
..... etc.

The next group of statements gives specid trestment to the import equations because they will be used
inddethe Seidd solution of the input-output equations. Thereit is necessary to be ableto find quickly the
number of the import equation for any given input-output sector. Therefore, we make here a vector,
secimp, such that secimpyi] is the number of the import equation for i-o sector i. This secimp has been
declared as aglobal variable.
secinp = ivector(1,inp.rows());
for(i=1; i <= inp.rows();i++)
secinmp[i] =0
for(i =1;i <= inports.neq;i++)
seci np[inports.sectors[i]] =i

The next few lines just put something on the screen to watch while the mode runs and to report on its
progress.

got oxy(30, 6);cprintf ("I TERATI ON COUNTS\r\n");
cprintf(" Year Entire Model CQutput Seidel Price Seidel Incone OVAScale");

In dynamic input-output models, data on various vectorsis not aways available up through the same
year. Interdyme alows the user the option of using actud datafor avector if it isavailable or of ignoring
the avallabledata The option of ignoring the available dataisimportant for testing the model by ahistorical
smulation or for performing counter-hitorica smulations. For forecasting, however, one usudly wants
to use dl available data. Consequently, there must be some way to tell the program how far actud data
goesfor each vector which hasan 'd read flag. Thisinformationisprovidedin afilenamed LASTDATA,;
for Mudan, thisfile begins

hcr 1990

hcu 1990
vin 1990

exp 1991
inp 1991

Thisfileisread by the next Satement:

/] Set date of |ast avail able data.
| astdata();
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The lastdata() function will check that a date has been declared for any Vector or Matrix declared with a
read flag of 'd.

The function CheckDeclar checks to see that dl vectors in the vam file have been declared and that al
vectors that have beendeclared in vam.cfg to have lags have also been declared as Matrices. It dso sets
up the correspondences between these vectors and the corresponding matrices. If no reporting on the
screenisdedred, the vdue of itsargument, cdled "slence” should be"TRUE". Normaly, "slence’ should
be FALSE wheninitidly running the program. Mudan, however, has some vectorsused only in Vam; they
will produce warning messagesif dlence = FALSE, sointhefind modd it is set to TRUE. We show it
here, however, asit should be in the early stages of model development:

int silence=FALSE; // call CheckDeclar to report trouble
CheckDecl ar (si | ence);

The next line sets the vaue of the tolerance in the Seidel iterative solution method. toler isfor the solution
for outputs, while ptoler isfor prices. Note that prices are equal to 1 in the base year while outputs are
large numbers, so the two tolerances must be quite different.

toler = 1.; ptoler = .0001;

Cdculating the base year error term for subsequent rho adjustment should be done only after the last
and best forecast of the year's values has been made. By putting "setrho” equd to 'n, that is, to "no"”, we
tell dl of the equations that they should not set the vaue of the error term for rho adjusments.

setrho = 'n';

At last we are ready to caculate. The following for loop moves the modd through the years of the
amulaion. Weherediminateagrest ded of the actual Mudan mode to show just the essence of thisloop.

It begins

for (t = godate; t<= stopdate; t++) {
cprintf("\r\n%d",t); //Show the year on the screen.
load(t); // Load this year's values of all variables.

This smpleload function is one of the most powerful in Interdyme. It brings dl the Vectors and Matrices
their values for this year from the vam file. In Mudan, a preiminary program, Across, has produced, for
1980 - 1990, baanced versonsof the A matrix and thethree bridge matrices, MCR for rural consumption,
MCU for urban, and B for capita investment. The row scaling factors, the ami Vector, is exogenoudy
projected for theyearsbeyond 1990. Thus, in running the model, for 1990 and prior years, these matrices
should be read from the vam file. After 1990, the 1987 base year matrices are read (the A Matrix, for
example, by A.load(1987)) and subjected to row scaling by theami Vector. The distribution matricesare
then normdized so that their columns sum to 1. Thus, the 1987 matrices become, as it were, parameters
inamore complicated method of producing coefficients. Also, Tseries macro variables whose vaues are
"missing” (redly, equa to -.000001) need to be started at the previous year'svaue. This"moving up” of
the time seriesis done by the call to "upets’. The codefor dl of thiswork is.
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if(t > 1990){

/* |If this year's value of a time series is "mssing", set it
equal to last year's value. */

upet s() ;

/1 Read 1987 val ues of matrices

A. 1 0ad(1987); B.load(1987); MCR | oad(1987); MCU.| oad(1987);

/* Scale the rows of A by the am vector; the 'y' neans skip
the di agonal elenment. */

rowscal e(am , A 'y');

rowscal e(am , MCR 'n");

rowscal e(am , MCU, ' n');

rowscal e(am ,B,'n");

/* Set all values of the bntucum vectors equal to 1. */

brrcucum set (1.);
bnecrcum set (1.);

bmvcum set (1.);

/* Scale the colums of MCRto equal 1. Record scaling factors
in bncrcum by nultiplying themby what was al ready there. */

col nor n{ MCR, bntr cun ;

col nor n{ MCU, bntucun ;

col nor n( B, bmvcun) ;

arith("after colnormB"); // Check for arithnetic errors

}

At various points in the code, there are cdls to arith() with amessage about wherein the code the cal
is. Thisarith() routine checksto see if there has been a arithmetic exception -- divide by O or thelike. If
none has been found, it continues; but if one has been found it writes "Arithmetic exception” and your
message. In the above example, it would have written "Arithmetic exception after colnorm B". The
program then pauses and givesyou the chanceto exit by tapping Escape or to clear the error and continue
by tapping any other key. The arith() cal can have a second argument, an integer, which will be displayed
after the message.

Mudan has both a product and an income side. It begins with the product side, them computes the
price and income side, and then returns to recompute the product side. Thisiterative processis repeated
until convergenceis reeched or amaximum number of iterations is reached. Here we Start the iterative
loop.

iter = 0; // Start an iteration count
t op: /1 top of loop for solving for kgdp
iter++;
got oxy(12, wherey()); // nove cursor to colum 12 of the current Iline.
cprintf(" %l",iter); // wite the iteration count
initkgdp = kgdp[t]; // record the initial value of constant price CDP

/* Conpute percapita, constant-price consunption of rural househol ds

-- the hcr vector. */
hcrfunc(her, rp, rconsump);
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/* Scale rural consunption so that consunp + saving = income. Note the use of the
"dot" or "inner product" function. rp is the vector of rural prices; rni is
rural income, and rsavrat is the rural saving rate.*/

rscale = (rni[t]*(1. - 0.0l*rsavrat[t]))/dot(hcr,rp);
The ‘usadl’ flag is set on the opening screen. Itis'y' to usedl avallable data. This option would be used

for forecasting. When used to do historical or counter-historical smulations for testing or policy andyss
inthe padt, usedl isset to 'n'.

if((useall =='n'" & t > godate) ||
(useall =="y'" &t > hcr.LastData())) hcr = rscal e*hcr;
/1 Conpute percapita consunption of urban households -- the hcu vector.

hcuf unc(hcu, up, uconsump);

/1 Scal e urban consunption so that consunp + saving = incone
uscale = (ulfi[t]*(1. - 0.0l*usavrat[t]))/dot(hcu, up);
if((useall =="'n" && t>godate) ||

(useall =="'y' && t > hcu. LastData()))

hcu = uscal e*hcu;

/1 Miltiply percapita by population to get total consunption
wl = (rpop[t]/10000.)*hcr;//wl is vector of total rural hh consunp

w2 = (upop[t]/10000.)*hcu;//w2 is vector of total urban hh consunp

/1 Convert from household categories to |1 O sectors
cr MCR* w1 ;

cu MCUFwW2;

Severd lines are omitted hereto cd culate the pub, accum, export, and othdm vectors of final demand.
They involve nothing new. Then comes the vector addition to obtain totd find demand. It ispossbleto
write the addition so Smply because addition has been defined for vector objectsin the matrix.cpp module
of code. This"overloading" of operators -- in this case, the + operator -- is a C++ trick not available in
C.

fd =cr + cu + pub + accum+ export + othdm

No programs are right the first time. Finding bugs is often a matter of printing out vectors. The
fallowing linesare abuilt-in debugging device. If the year isgreeter than "debug’”, then printing occurs. The
"debug’ vdueissetinthe DY ME.CFG file and on the opening screen. If no debugging isdesired, it isset
to a number beyond the last year of the smulation. Display() is a function of a Vector object. The
arguments are the title of the vector as digplayed on the screen, thefidld width of each item displayed, and
the number of decimal placesto show. Default vauesfor thelast two are 7 and 1. Of course, if you do
extensve work with Interdyme programming, it would aso pay to becomefamiliar with the Borland Turbo
Debugger.

i f(t >= debug){
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printf("\r\nrscale = 9%.3f wuscale = %. 3f\r\n",rscal e, uscal e);
fd.Display("fd before Seidel");

hcr. D spl ay("hcr before Seidel");
hcu. D spl ay("hcu before Seidel");

/* Conpute the outputs, out, given the A nmatrix, the final denands, fd,

the inport Equations, inp (the inport vector), the triangulation order, triang,
and the error tolerance, toler.

*/
Sei del (A out,inp,inmports,fd,triang,toler);

/1 Seidel did not put the conputed inports into the inp vector. Do so.
i mpfunc(inp, out, inports);

/1 Subtract inports fromthe previously conmputed fd vector.
fd =fd - inp;

/* Conpute GDP in constant prices as the sumof the elements of fd.
sun() is a function which every Vector has.
*/

kgdp[t] = fd.sum();

/1 Put the current values of "out" into QutLag with 0 | ags.
updat e(out, Qut Lag) ;

/1 Conpute | abor productivity
prtfunc(prt, Qut, producty);

/1 Conpute enpl oyment, enp. ebediv is "E ement-by-el enent division".
enp =100. *ebedi v(out, prt);

/* A nunber of lines are omtted here leading up to the definition of unit val ue
added, unitva, which then goes into the PSeidel function to obtain prices.
*/

PSei del (A, prices,unitva,triang, ptoler); /* Get Prices */

/* Wth the prices known, we can conpute DG in current prices with the dot-product
function. This function returns a float, which is what we need. |If we wote
~prices*fd, we would get a 1-by-1 Matrix, and the conpiler will tell us that it
cannot convert a Matrix to a float.

*/

gdp[t] = dot(prices,fd);

deflator[t] = gdp[t]/kgdp[t];

/* Alx where Ais a Matrix and x is a vector neans what is usually witten as A x.
iprices =B/ prices; [/ Investnent prices

rp = MCR/ pri ces; //Rural prices

up = MU pri ces; /1 Urban prices

rpindex[t] = dot(hcr,rp)/hcr.sun(); // Rural price index

upi ndex[t] = dot (hcu, up)/hcu.sun(); // Urban price index

/* Test whether inplied constant price GDP is close enough to its
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assuned values. |If not, go back to the top of the | oop
*/

if(fabs((initkgdp - kgdp[t]) > 10. || (enprat > .005 && t > godate))
&% iter < maxit) goto top;

At this point, either a solution has been reached, or the maximum number of iterations has been met.
In either case, it is now time to go on to the next year's caculaions. Before doing so, however, we make
afind cdl todl functionswith arho adjustment to set or updatethe error term. To Sgnd to thesefunctions
that they should now do this update, we turn the ‘setrho’ flag to 'y’

setrho = "'y';
hcrfunc(hcr, rp, rconsunp);
hcuf unc(hcu, up, uconsunp);

i mpfunc(inp, out, inports);

Next, we cal dl of the macro equations for the sole purpose of setting or updating the error term of
the rho adjustments.

callall();
setrho = 'n';

Hndly, we gtoreto thevam filethis period'svaues of dl theVectorsand Matriceswhich have'y' asawrite
flag. Inthe process, the store() function will also put this period's valuesinto all matricesthat carry lagged
vaues of vectors and shift the vectorsin these matrices al back a year.

store(t);

}

That } marksthe end of the loop on t which movesthe modd through the years. At theend of therun,
al macro variables (Tseries variables) must be written to the model G bank by the storety() command.

storets();

printf("\nThis run has been finished . Please see the results!\n");

}

And that isthe end of the smulation program. To compile and link it, you can just type "dm" (for Dyme
Make) at the DOS prompt. This batch file smply gives the command:

meke -fdyme
Note that there is a make file available for building large models with the Borland Power Pack DOS

extender. This makefileisnamed DYME.MX4. To useit, just change the DM.BAT fileto read:
meke -fdyme. mx4

The Use of Multiple Vam Filesand G Banksin an Interdyme Model
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Thisis an advanced topic. Notethat it is possible to build amode which uses morethan oneVam filefor
reading and writing. Inthe Simdyme verson of Interydme which is distributed, there are commented-out
examples of how this may be done. The use of multiple vam files is epecidly useful in cases where you
want to link various modds, such asin abilaterd trade moded, which uses datafrom many different country
models.

Look inthe DYME.CPPfilefor thelines

/1 vf[0O] is the default sinulation destination file. Qher VanFiles
I nmay al so be opened.

vf[0]. QpenVan{Vanti | eNane); // vf declared globally.

/1 W seemto be having problemw th GCC inline:

check=vf[0].IsErr();

check=vf[0].IsOpen();

if(lvf[0].1sOpen()) {

printf("\nCannot open % for update.", VanFi | eNane) ;

got o cl eanup;

}

/1 This is an exanple of how to open a second Vamfile:
/*
vf[1]. QpenvVan("test");
if(lvi[1l].1sOpen()) {
printf("\nCannot open % for update.","test.vani);
got o cl eanup;

}
*/
vf[0]. Setrunname(RunTitle); /1 Put runtitle in VamFile.
/1 (VanFile destructor automatically wites it out)
InitMat (vf[0]); // Read information from VanfFile.

Note that the Vf[] array isan array of vam files. By default, only the first one (position 0) is opened,
and this isthe file which the load() and store() functions will access. The OpenVam function can be used
to open vamfileson vf[1], vf[2], etc., up to the number MAXVAMFILES definedinDYMESY SH. The
Vi] array itsdlf isdeclared inthefile DYMEL.INC. If you look &t thisfile, you will seethat v isan array of
type VamFile, which is another dass used in Interdyme, to work with vam files.

In MODEL.CPP, you may specify that agiven vector isto be read or written from agiven vam file by

giving the vam file as the first argument to the Matrix or Vector congructor. For example:
Vector lout(vf[1],”out”), pout(vf[2],”out”), q(vf[3],"out”);

This code specifies that lout will contain the vector from the 2nd vam file with name “out”, pout will
contain the vector of the same namefrom the 3rd vam file, and qwill contain yet another vector of the same
name from the 4th vam file. Note, however, that if you try to put a fix on the vector “out”, that this will
aoply only to the vector in the first declaration encountered in MODEL.CPP.
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Summary of Vector, Matrix and Tseries Functions and Operators

Now that the tutorid example has shown how the Vector, Matrix, Equation, and Tseries objects may
be used in practice, it is perhgps useful to give a complete description of their properties, not dl of which
wereillustrated.

If A, B, and C are each aMatrix, and x, y, and z, each a Vector and f afloat, then
the following uses of operators are defined provided the dimensions of the matrices and vectors are

appropriate:

A + B matrix um

A-B matrix difference

A*B matrix product

f*A scaar matrix product (note that you cannot do A*f)
X+y vector sum

X-y vector difference

f*x  wvector product. The result is a Matrix.

A*X matrix-vector product

X*A vector-matrix product

~A the transpose of A

~X the transpose of x
xly  thetrangpose of x timesy (X'y)

AlX the transpose of A timesx (A’X)

XIA the trangpose of x times A

A/B the transpose of A times B

x/f vector divided by ascaar

1A theinverse of A

X(i] dement i of Vector x. This may be used on either Sde of an = 9gn. The subscript i is

checked for falling in the dlowable range.

Ali[i] dement i,j of Matrix A. Therow subscript is checked, but not the column. The expression
may be used on either Sde of an = 9gn.

A()) dement i,j of Matrix A. Both row and column subscripts are range-checked. The
expresson may be used on ether sde of an =.

Any combination of the operatorsis dso possble. Thusan expresson like
x=!(I-A)*(c+i+09)
worksfine.

Any vector or matrix, A, has these functions

A.rows() gives the number of rows.
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A.columny) gives the number of columns.

A firstrow() givesthe firs row (default = 1).
A lastrow() givesthe last row.

A firgcolumn() givesthefirg column (default = 1).
Alagtcolumn() givesthelast column.

A.load(year) loads into the matrix or vector the value for the specified year (regardless of what
year's vaues are in other matrices or vectors.)
A.sst(value) Setsdl cdlsof A equd to the given vaue. (The vaue should be afloat.)

Any vector, x, has the following specid functions.

int X.First()
returns the number of thefirs row of x if X isacolumn or the firs column of x if x isacolumn.

int Xx.numem()
returns the number of dementsin x.

float x.sum()
the sum of the dements of x

float x.csum(char* Group)
forms the sum of the dements of x in the group definition specified. For example, you could write:
X[t] = out.csum(*1-3,20-41");

void x.scae(float total)
causes the vector x to be scaled by right-direction scaling to reach the specified totd. In right-
directionscding, if both pogitive and negative d ements movein the samedirection. Either both get
larger dgebraicaly or both get smdler.

void x.SetlastData(int date)
records that the last year for which datais available for Vector x isthe given date.

int x.LastData()
returns the last year for which datais available for vector x.

void x.Display("message’,[width],[decimal])
displays the values of the x vector. The optiona parameters are the field width and the number of
decimd places. Default vaues are 7 and 1. If the decima places are to be specified, the field
width must aso be given.

void x.set(<float>)
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stsdl dements of x equd to the given floating point number.

xfix(t)
gpplies to the current contents of the x vector thefixes specified for it by the Fixer program, for the
year t

xfix(t)
applies fixes only to sector i in the vector for year t

x.fix(t,-1)
goplies only the group fixesto the vector for year t.

There are dso three specid functions for working with two vectors, x and y, which have the same
number of dements.

Vector ebemul(X,y)
gives the Vector obtained by €ement-by-eement multiplication of x and y.

Vector ebediv(x,y)
givesthe Vector obtained by € ement-by-eement divison of x by y.

float dot(x,y)
givestheinner or dot product of the vectors as afloat. It differsfrom x*y or x/y (whichis~x*y)
intwo respects. Firdt, dot returns afloat while x*y returns a matrix. (Generdly it is the float that
is needed in amoddl.) Second, in dot(x,y), x and y may be both columns or both rows or one of
each. In x*y, one must be a row and the other a column. dot(x,y) just gives the sum of the
element-by-element products.

Vector ebemul(A,iy)
givesthe Vector created by an dement-by-dement multiplication of row i of the matrix A by the
vector y. In prectice, A isusudly amatrix of lagged vaues of avector.

Severd functions involve matrices, here denoted A or B.

void A.Display("'message’ [width],[decimd])
digolays the A matrix row by row. For large matrices, the rows will be "folded” o that it takes
severd lines on the screen to show eachrow. Therow number is shown &t the beginning of eech
row, and the column number of thefirst column on aline precedesthe dataon theline. The optiond
parameters are the field width and the number of decima places. Default valuesare 7 and 1. If
the decimal places are to be specified, the fidld width must dso be given.
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rowscae(b,A flag)
scales the each row of the Matrix A by the corresponding element of the Vector b. The flag
answers the question Skip the diagona elements? Itisy for yesand n for no.

colnorm(A x)

scaes the columns of A to equa 1. The scaling factors are multiplied by the previous contents of
the x vector and the product is put back into the x vector.

pulloutcol (v, A, K)
pulls column k of A into v.

putincol (v, A, k)
putsv into column k of A.

pulloutrow(v, A, K)
pullsrow k of A intov.

putinrow(v, A, K)
putsvinrow k of A.

v = colsum(A)
puts the column sums of A into the vector v.

V = rowsum(A)
puts the row sums of A into the vector v.

A = ebemul(B,C)
multiplies each eement of B by the corresponding dement of C. Thus, A(i,j) = B(i,))*C(i,)).

A = ebediv(B,C)
devides each dement of B by the corresponding element of C. Thus, A(i,j) = B(i,})/C(i)). If C(i,))
=0, A(iJ) = B(i,))-
Lagged Values

If avector, say q, isdeclared in the VAM.CFG file to have lagged vaues used in the modd, then both a
Matrix and a Vector should be declared for g, something like this:

Matrix Qlag("q",'n’,’n");
Vector g("q",1");
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The current year's vdue of g will beinrow 0 of Qlag, last year'sinrow 1, and so on. When the "store”
command at the end of the year is done, the Qlag matrix will automatically be shifted back and the vaues
just computed put in both rows 0 and row 1. If it isnecessary to update row 0 of Qlag with current values
of g before the end of the year's computations, the update command can be used. Itsformisjust

update(q,Qlag).
Seidel and PSeidel

Two functionsare availablefor the Seidd solution of equations, Seidel and PSeidd. The Seidd isused
for solving the equationsfor outputswhile PSeide isused for solving the equationsfor prices. Seidd makes
gpecid provision for solving for imports smultaneoudy with outputs. The prototypes for the cdls for the
two equations are:

Sadd(Matrix& A, Vector& out, Vector& imp, Equation& imports, Vector& fd,
int *triang, float gtoler);

PSeidd(Matrix& A,Vector& price, Vector& va, int *ptriang, float ptoler);

Note that both Seidd and Pseidel haveint* argumentstriang and ptriang. Thesearetheligsthat define
the triangulation ordering. Upon initidizing, the Dyme program looks for two files TRIANG.DAT, and
PTRIANG.DAT, from which to read these vectors. The vectors serve two purposes. The firg isto
implement areordering of the Seidel solution, to make it as recursive, and therefore as fadt, as possible.
Inforum has developed a program caled TRIANG.CPP which you can use to cdculate this triangulation
ordering for your own input-output matrix, find demands and vaue added. The second purpose of the
triangulaion file is to leave certain sectors out of the Seidd solution, by smply leaving them out of the
triangulation lig. It isnot necessary to calculate these vectors to run the model, but more efficient. Since
Interdyme version 2.2, if you choose to skip the creation of thesefiles, the Interdyme mode will creste a
vector for you, equal to the sector lig.

There are severd functions for working with the "macro” or Tseriesvaridbles. If tsisa Tseries, then

tsin() reads in from the G bank
ts.out() writesto the G bank
tqt] represents the value of the seriesin year t on either Sde of an equation.

Two functionswork on dl Tseriesvariables
upets() replaces missng vaues in the current period by the previous year's values in al Tseries
variables.
sorets()  storesinto the modd G bank the valuesin al Tseries variables.
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7. COMPARE -- TABULATING AND COMPARING RESULTS

Vamcan berun directly after arun of the mode to display the results on the screen or to make graphs.
But to make printed tables, Compare isthe tool.

The Compare program (version 6.49) is a generd table making program that can be used to make
tablesfrom various source databank formats. Asthe namesuggests, itisparticularly adapted to comparing
results of severd dternative runs of amodd, but it can dso list the contents of a single data bank or the
results of asingle run of amodd. When being used to show a base case and severa dternatives, it can
show the dternatives as actua vaues, or as deviationsfrom the base, or as percentage deviationsfrom the
base. In addition to making tables of macroeconomic and vector variables, Compare aso has the ability
to makea"'matrix liging" of dl the cdlsin any input-output table. Theresultsarewritten to afilewhich can
then be viewed with an editor or printed. Compareis part of the G-Build software, but isaso part of the
Interdyme distribution.

The Compare Stub File

To use Compare, one first prepares a"'stub™ file.  Onefor the Mudan moded begins like this:

\ date 1987 1990 1995 2000 87-90 90-91 91-95 95-100

; OUTPUT
&

outl ;1 Agriculture

out 2 ; 2 Coal

out 3 ; 3 Crude Ol & Natural Gas

out33 ; 33 Public Administration

*

; EXPORTS
&

expl ;1 Agriculture

exp2 ; 2 Coal

exp3 ; 3 Crude Ol & Natural Gas

1 Experience showsthat non-native speskers of English can never imagine why thesefiles should be called "stub” files. A "stub”
is something that remains after part has been cut or broken off. It can be used of limbs (human or treg), or of teeth; but itisaso the
part of atable down the left Side with the names of the various series from which the values, to the right, have been cut off. Hence
our usage of theword.
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Thefirg line of the .tb file should give the dates of the periods which areto be printed. It must begin
with"\date" as shown in the example. The example will show on each line of the table the actua vaues of
the series being listed on that line for 1987, 1990, 1995 and 2000. It will then show the annua growth
rates between 1987 and 1990, between 1990 and 1991, between 1991 and 1995, and between 1995 and
2000. A';' a the beginning of aline causesthe lineto be printed asit stands. A '&' cause the datesto be
printed ontheline. A *' causes anew pageto be sarted. A linelike

outl ;1 Agriculture
causss the series "out1" to be ligted on aline of the table with the title
1 Agriculture

ontheleft. The"..." in the example are not commands to Compare; they show where lines have been
omitted in the example. The table produced by these lines looks something like this.

Page 1
Base VAM file, before sinmulations
OUTPUT
1987 1990 1995 2000 87-90 90-91 91-95 95-00
1 Agriculture 4675.7 5380.9 7322.9 9521.2 4.68 6.72 6.02 5.25
2 Coal 273.0 348.5 464.5 587.0 8.15 7.72 5.25 4.68
3 Crude Ol & Natural Gas 265.2 300.3 331.4 353.2 4.14 2.42 1.87 1.27
33 Public Adm nistration 378.8 480.1 616.5 791.6 7.90 5.00 5.00 5.00
Page 2
Base VAM file, before sinulations
EXPORTS
1987 1990 1995 2000 87-90 90-91 91-95 95-00
1 Agriculture 193.7 238.1 321.1 404.1 6. 88 6.74 5.79 4.60
2 Coal 14. 4 18.1 25.1 32.0 7.61 7.36 6.25 4.88
3 Crude Ol & Natural Gas 43. 4 48. 7 52.3 55.8 3.82 1.44 1.39 1.31
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More formdly, the commands that can be in the "stub” file are:

* [m] [n]  If thereisnot room on the page for m more items plus n lines, go to the top of anew page and
print the titles of the dternatives runs and the dates across the top. Examples.

* thisis an unconditiona new page.

* 3 If there are two dternatives and there are lessthan eight lines remaining on the page, Sart
anew page. Theeght linesis derived from the Six lines required to lig three items with
two dternatives each, plus two linesfor the spaces between them.

* 34 Iftherearetwo dternaives and there are less than twelve lines remaining on the page,
sart anew page. Thetwelveisderived from the eight in the preceding example plus
the 4 indicated on the line. These additiond four lineswould be text provided by the
Sub file itsdlf.

Print theline just asit stands.

& Print the dates across the page above the appropriate columns. Note that this has changed
from the '@’ used previoudy! Thisalows'@' to be used for function names.

\ date Set the datesto belisted and the periods over which growth rates areto be shown. The\ date
command can be used to change the dates in the course of the listing.

\ fw dp pl tm bm tw

where fw dp pl tm bm and tw are dl numbers. Thisisan optiona lineto set the fidld width of
each printed number to fw, the number of decima placesto be printed to dp, the page length
to pl lines, the top margin tm lines, the bottom margin to bm lines, and the width of thetitlesto
tw. Thelast three may be omitted. The default valuesare 7 1 60 39 32.

\ar use if monthly or quarterly datais given a annua rates (the default). (ar = annud rates)

\pr use if monthly or quarterly dataiis given a monthly or quarterly rates (pr = period rates).

\ti <title>
supply atitle which will be listed a the top of each page.

\matlist <sectors>
perform amatrix liging of the indicated sectors. This option will be explained further below.
It has two related commands:

\row
\column  Specify whether the matrix listing shows rows or columns, and
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\cutoff <fraction>
Specify thefraction of therow or column tota which ameatrix cel must account for to belisted.

A line beginning in any other way will be presumed to begin with avariable name, such asoutl, or an
expresson. For theexpressons, dl thefunctionsavallablein G aredso availablein Compare. Inaddition,
Compare has anew function, caled @csum(), which is used to sum up a specified group of industries for
agiven data concept. For example, suppose youwanted acertain linein your table to contain the sum of
exports ("exp") for sectors 1 to 10. Then the formulato usein the name section of the stub file would be:

@csum(exp,1-10)
The expression:
@csum(exp,1-12 (4-7) 15 18)

would include exports of sectors 1 to 12 inclusive, except for sectors 4 to 7 inclusive, and then sectors 15
and 18 in addition.

After the name or expresson comesa';', and after the ;" come up to thirty-two characterswhich will
be printed at the left Sde of theline. Leading blanks-- blanks between the";" and thefirst visibleletter on
the line-- will be printed and can be used to indent thetitles. Actualy, the number of characters after the
"' which will be printed is controlled by the "tw" parameter of the "\ fw do ok tm bm tw" command
described above. The number of charactersactualy present on theline of the stub filemay bemore or less
than the number to be printed. If less, thetitle will be padded with blanks on the right; if more, it will be
truncated to the number to be printed.

We like to use the extenson .STB in the names of such stub files, but the practice is not necessary.

Once the sub file is ready, we can run Compare by typing "compare’ a the DOS prompt. As soon
as Compare starts, it asks you how many dternatives you want to seein thetable. (Seethe sample session
inthe example below). Respond with "1 if you are just making atable from just one bank. Next, for each
dternative, you are asked to specify what type of bank this dternative should be read from, and then the
root name of the data bank file. Answer thisfirst question with one character, and then hit [Enter]. Type
'w' if thisisanorma or workspace type G bank (.BNK), 'c'if thisisacompressed G bank (.CBK), 'h' if
thisisahashed G bank (HBK), 'd'if thisisadirfor file (DFR), and V' if thisisavam file (VAM).

Note that if you want to use a Dirfor file made with the former Slimforp software, you must have the
DIRFOR.DAT file corresponding to that file in the current directory in which you are running Compare.
Y oumust al'so make surethat the MACRONAM.BIN specifiedin that file pointsto avalid location. (See
the LIFT manud, in the Display chapter for more details on DIRFOR.DAT.)



If you areassgning avam ile, note that Compare autometically assumesthat eechvamfilehasa"sster”
G bank, with the same root name in the same directory. It will try to open thisfile to find series such as
meacrovariables which may not be in the vam file.

When asked for databank file names, give only the root name of the file without the three-letter
extenson -- VAM, .BNK, .CBK, and so on.

Next, you are asked whether you would like to see the dternativesin actud vaues (‘'a), as differences
(‘'d) from the base run, as percentage differences ('p') from the base. Typetheindicated letter and press
[Enter] to show your choice. (If you arelisting only 1 data bank or a single run of amodd, it does not
matter how you answer this question.)

Y ou will then be asked for the name of the stub file and you reply with the name of the stub file you
have prepared. (Use the full name, includingthe STB.) Findly it asksfor the name of the output file. We
advise usng aOUT extension for these files. When Compare has finished and given the DOS prompt
again, you can use the DOS Print command to obtain a printed copy.

Here is a sample session with Compare. 'Y ou begin with the DOS command "compare’.
After theinitid sgn-on message, adidog went likethis. The user's reponses arein itdics.

How many al ternatives? 2

Al ternative 1:

Bank type (w=workspace, c=conpr essed, h=hashed bank, d=di rfor, v=van):v
Root nane of bank: dyne

Al ternative 2:

Bank type (w=wor kspace, c=conpr essed, h=hashed bank, d=dirfor, v=vam :w
Root nane of bank: crmdm

Show al ternatives as (a)ctual, (d)eviations, or (p)ercentages? a
Wth what stub? test.stb

Name of output file: test.out

Now meki ng the table as: test.out

As an dternative to answering the individud questions asked by Compare, you can put the answers
into afile such as COMPARE.IN and gtart the program with

conpare conpare.in

Compare assumes tha a filename given on the command line is a file containing input responses. The
example below shows the response file COMPARE.IN that would correspond to the previous example.
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Y,

dyme

w

cmdm

a
test.stb
t est. out

Matrix Listing

A "matrix liging" displays dl of the cellsin arow or column of an input-output table. The command
in the dub fileis smply

\matlist <sectors>
For example, it could be
\matlist 1 57 15-30 (21 23-25)
where we have used the now-familiar system of indicating alist of sectors,

The “\matlis” command should be preceded by two related commands, “\row” or “\column” and
“\cutoff”. Hereisacomplete example of asub file for amatrix liging:

\date 1987 1988 1989 1991 1993 1995 2000 91-95 90-100 95-2000
\'ti MJUDAN MATRI X LI STI NG

\9 166 13 33

\'row

\cutoff 0.02

\matlist 18-25

Thiswill produce arow liging; acdl of amatrix must account for at least .02 of the tota (two percent of
the row total) in order to belisted. Rows 18 - 25 will be listed.

The \ matlist command causes Compareto look for afilewhich at present must be called "matlist.cfg”.
Here is an example from Mudan.

Matrix listing identity; out = anfout+cr+cut+bmv*capital +vi ntexp-i np+ot hdm
# Title file nane for the rows of out, the |lefthand side vector

out; "sectors.ttl"

# Title file nanes for matrix col ums

anm "sectors.ttl"

bmv; "bmv.ttl"

# headers for each term

header for out; "Qut put "

86



header for antout; "I nternedi ate"

header for cr; "Rural Consunption”
header for cu; "Urban Consunption”
hdr for bnv*capital; "lInvestnment”

header for vin; "I nventory"

header for exp; "Exports"

header for inp; "I mports"

header for othdm "t her demand"

In thisfile, dl lines beginning with a# are comments, and anything beforea’;’ on alineis aso acomment.
Thefird line that does not begin with a# must be the matrix listing identity. It pecifies, in terms of the
particular modd, an input-output identity. Usudly this identity says, in effect, total output = intermediate
demand plusfina demand. But other identitiesare possible. Theidentity must have asingle vector onthe
left and then on the right an expression that is the sum of a number of terms. Each term may be either a
angle vector, like cr and cu in the example, or may be a matrix*vector product, such as an*out and
bmv*capital. The terms should bejoined by + or - Sgns. The matrix* vector terms result in adisplay of
al flows obtained by multiplying each column of the matrix by the corresponding eement of the vector.

Following the identity, the next non-comment line must name the title file name for
the vector on theleft hand side of theidentity. Thefile name must be enclosed in quotation marks (). This
title files can be the same one used with Vam, but Compare skipsthe 10-l etter abbreviation at the beginning
of each line which is used by Vam in the show command. Rather, Compare looks for a string within
marks, and usesthat. There can be other materid in front of or after the quoted string. Here are the first
few lines of the sectorsittl file used in the above example.

Agri cul 71 e "Agriculture"”
Coal 0 2 e "Coal "
CrudeQ | 0 3 e "Crude Ol & Natural Gas "

There must dso befile names for the titles of the columns of every matrix inarow listing or the row of
every matrix in acolumn liging. In the example they are sectorsittl and bmv.ttl. These files should be of
the form as just explained with the titles between quotes.

Findly, for each term in the identity, MATLIST.CFG must show the name to be listed with the term.
Theseterm names are d o show as stringswithin quotes. For avector term, thisnamewill belisted onthe
left. For amatrix*vector term, it will be centered above the display of the cdlls of the matrix.

The last page of this manua shows the first page of the matrix listing produced by our example.
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3
14
15
16
18
19
20
25
31

SUM

Rur al

Crude O | & Natural Gas
Chemi cal s

Bui | ding Materials

Met al | ur gy
Non- el ectrical Machinery

Transportation Equi pnent
El ectrical Machinery

Construction
Education, Health
I nternedi ate

and Sci enc

Consunpti on

Urban Consunption

1
11
14
16
25
27
35
36
37
38
40

SUm

Agriculture etc.

El ectricity etc.
Chem cal |ndustry

Met al | ur gi cal | ndust
Trans. & Conmuni cati on

Public utility and service
Ot her state-owned units
Urban col |l ective-owned units
Rural collective-owned units
Rural individuals

Bal ancing item

I nvest ment

I nventory
Exports
I mports

Ot her

demand

Qut put

1
18
19
23
25
26
27
29
31
33

SUm

Rur al

Agricul ture
Non- el ectrical Machinery
Transportati on Equi pnent
Equi prent Repairing
Construction

Frei ght Transportation
Conmmer ce

Passenger Transportation
Educati on, Health, and Scienc
Public Adm nistration

I nternedi ate

Consunpti on

Ur ban Consunpti on

1
11
14

Agriculture etc.
El ectricity etc.
Chemi cal |ndustry

MUDAN MATRI X

LI STI NG

Seller: 18 Non-el ectrical Machinery
1987 1990 1995 2000 90- 95 95- 00
Sales to Intermediate
20. 2 37.1 42.0 45.8 2.49 1.76
24.8 60.9 93.0 138. 4 8. 46 7.96
24. 7 52.3 77.8 108. 8 7.95 6.71
46. 0 91.7 124.0 161.6 6. 03 5.31
283.6 376.0 538. 6 750. 3 7.19 6.63
43. 4 102. 7 138. 3 203.8 5.95 7.76
31.5 74.7 112. 7 177.1 8.21 9. 05
109.9 164. 3 228.8 290. 3 6.63 4.76
19.2 37.7 56. 6 89.0 8.14 9. 07
757. 4 1314.5 1856. 4 2576.7 6. 90 6.56
Sales to Ot her Final Demand
80.9 83.3 139. 4 205.3 10. 30 7.75
36.5 43.0 84.5 158. 2 13. 49 12. 56
Sal es to I nvestnment
12.3 12.3 20.5 30.8 10. 14 8.16
39.3 39.7 56.5 86.0 7.07 8.42
30.7 25.3 41.1 62.6 9. 66 8.42
32.3 21.3 36.2 54.7 10. 61 8.24
42.6 31.0 60. 8 92. 6 13. 48 8.43
22. 4 12.8 22.8 34.7 11.59 8.42
33.1 17.2 34.1 56.5 13. 66 10. 10
30.4 14.1 31.1 53.3 15.91 10. 77
61.3 31.5 57.3 92.3 11. 97 9.54
117.6 76. 1 102. 3 126.9 5.92 4.31
27.1 17. 4 22.2 33.8 4,82 8.42
660. 9 458. 7 726. 4 1094.5 9.19 8.20
70.7 51. 4 72.8 93.8 6. 94 5.07
155. 8 357.1 502.8 648. 6 6. 84 5.09
385.9 500. 9 771.7 1124.1 8. 64 7.52
19.3 42.2 42.2 42.2 0. 00 0. 00
1398. 6 1854.0 2656. 1 3700. 2 7.19 6.63
Seller: 19 Transportation Equi pment
1987 1990 1995 2000 90- 95 95- 00
Sales to Internediate
5.6 12.6 15.8 21.7 4.52 6. 33
13.0 33.8 44. 6 65.6 5.55 7.71
90.1 131.7 172.8 248.5 5.44 7.26
17.5 39.0 51.7 75.0 5.61 7.44
18.0 32.5 40.7 53.1 4. 47 5.35
29.9 68. 6 85.1 120.5 4,32 6. 96
6.9 12.9 15.6 21.1 3.89 5.99
13.0 26. 3 35.3 58.3 5.87 10. 03
5.5 13.1 17.7 28.7 5.98 9. 66
5.4 13.4 15.8 21.5 3.35 6. 08
235.7 461. 1 590. 4 849.1 4,94 7.27
Sales to Other Final Denmand
7.8 9.7 14.6 22.2 8.15 8.34
4.8 6.9 12.1 23. 4 11. 34 13. 15
Sal es to | nvest ment
4.5 5.5 8.2 12.7 7.98 8.75
14.5 17.7 22.6 35.4 4.92 9.01
11.3 11.3 16. 4 25.8 7.50 9.01
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16 Metallurgical |ndust 11.9 9.5 14.5 22.5 8. 46 8. 83
25 Trans. & Comuni cati on 15.6 13.7 24.1 37.8 11. 32 9.02
27 Public utility and service 8.3 5.7 9.2 14. 4 9.44 9.01

89



arith() 65
ASCII files
reading from 13
writing to 32
Calldl.cpp 36, 39
Compare 7, 76
& 77
@csum() 78
\cutoff 78
\date 76
commands 77
CXL windowing library 60
Data
to introduce 13
depad() 61
Detached-coefficient equations 42
Dyme 6
Dyme functions
cdldl() 67
CheckDeclar 63
depad() 61
getopt 60
lastdata() 63
store(t) 67
storets() 67
Equation file 42
Equetion function 44
Equation object 44, 62
functions 45
Exogenous variables
how to specify 52
Files
fin (fix index) 53
.mfx 47
sth 76
Vfx 53
caldl.cpp 39
config.cpp 58
dyme.cpp 58

I ndex

90

Dyme.inc 68
Dymesys.h 68
Features.h 58, 61
heart.cpp 38
heart.h 38
meacfixer.cfg 47
matligt.cfg 81
pseudo.sav 37
tseriesinc 38
vamtog.cfg 34
fix vector in vam.cfg 53
Fixer 5, 53
gro 55
group 54
ind 55
mul 55
ovr 54
stp 56
Fixes 47
Fixes, vector
types 54
G4
G commands 12, 13
add 25
addtype 17
argumentsin 25
coef 31
ctrl 30
data 14
diagextract 30
diaginsert 30
do 26
fadd 25
fdates 23
flow 31
fvread 20
getsum 31
glist 27
group 27



index 28 interpolation 28

ipch 42 Lagged values 4, 11, 12, 40, 67, 72, 73

lint 28 Lastdata

listvecs 33 file63

load 24 function 63

matdat 15 function of Vector 71

matin 20 load function

matin5 21 in Smulation modd 64

matup 16 load() 64

monup 15 Macfixer 47

pmatin 22 MacroFixer 5

pmatinl 22 Macrofixes

pmfile 23 and exogenous variables 52

pmpunch 32 cta48

punch 42 gro 49

punch5 32 ind 48

punchvec 32 mul 48

ras 30 ovr 48

show 24 rho 49

store 25 skip 48

update 15 stp 49

vam 12 to display 52

vamcreate 12 Make file 68

vdata 15 Matrix balancing 30

vf 23 Matrix fixes 53, 54

vmatdata 17 Matrix functions 70

vp 33 Matrix liging

vupdate 15 how to make 80

wrindex 17 missing vaues 28

zap 17 modify() 38
Groups 3, 5, 27 Mudan 7

dynamic group 27 Multiple vam file 68

in"lint* command 28 OpenVam() 68

in Fixer %4 Output fixes 57

Vector csum() function 71 Packed matrices 21
Heart.cpp 36 invam.cfg 12
Heart.h 36 Pseudo.sav 37, 38
Hist.bnk 36 Rho adjustment 3, 6, 36, 38, 39, 43, 45, 49, 64,
Idbuild 5, 36 67

iadd command 38 Seidd solution 62, 74
Ingtaling the software 8 setrho 64, 67
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Simulation program 58
Simdyme 8, 59

store() 67

storets() 74

Sub file 76

Triangulation ordering 74
Tseries 39

Tseriesinc 36

Tserin() 39

upets() 64, 74

used| flag 65

Vam Configuration File 11
vamfile4

Vam.cfg 4, 11
Vam2vam 34

VamFile object 68
VamtoG 34

Vector fixes 53

Vector functions 70
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