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ABSTRACT 

The APL Econometric Planning Language (EPLAN) is an IBM 
Insta l led User Program providing features to assist the 
construction and appl icat ion of econometric models in an 
in terac t ive  environment. 

I ts design takes into account the nature of the econometric 
modeling process, which idea l l y  requires a man-machine 
dialogue. Main objectives have been: User-oriented termino- 
logy (model language), funct ional capab i l i t i es ,  general i ty  
and fast response. 

The elements of the model language observe a hierarchical  
structure. The a t o m l ~ e m s  are the economic var iables, i . e .  
time series or cross-sectional data, and constants. Subse- 
quent stages comprise operations on economic var iables, 
equations and models. This logical  structure is maintained 
by the use of suited APL data structures. 

The funct ional capab i l i t i es  include several techniques of 
single equation parameter estimation, the solut ion of non- 
l inear  models and routines for data transformation, docu- 
mentation and f i l e  handling. 

Generality is ensured by defining EPLAN open and transparent. 
The various programs are considered building-stones for  the 
user's speci f ic  appl icat ion.  He can opt iona l ly  mix EPLAN 
programs with programs of his own or from the APL Public 
Library. 

Fast response is automatically given by the excel lent  time- 
s a~ ing  character is t ics of the APL host system. 

The paper describes the design of EPLAN, with emphasis also 
on i t s  re la t ion  to APL, and appl icat ions in the f ie lds  of 
economics and business planning. 

I .  Introduct ion 

The APL Econometric Planning Language (EPLAN) was designed 
and implemented at the IBM Philadelphia Sc ien t i f i c  Center to 
provide a medium wi th in  which a user would be able to manipulate 
economic variables and to construct and u t i l i z e  econometric 
models. I t  has now been made avai lable to a wide audience as an 
IBM product ( Ins ta l led  User Program #5796-PDW, see also the 
references) and is being used by a number of large indus t r ia l  
and governmental IBM customers. 

In th is  paper we attempt to give an idea of our basic design 
object ives, which we believe to have some general v a l i d i t y  and 
u t i l i t y .  Then we out l ine the system capab i l i t i es  and 
character is t ics .  We can be r e l a t i v e l y  b r ie f  in view of the 
rather complete descript ion avai lable in the references. 

However, i t  may now be a good time to add appendices which 
contain material not readi ly  avai lable elsewhere ( in the form 
pert inent for EPLAN): 
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AI. a concise but f a i r l y  complete survey of the basic 
s t a t i s t i c a l  terms and techniques, 

A2. a tu to r ia l  for the unin i t ia ted who wishes to 
demonstrate EPLAN to himself at a (real or 
imaginary) terminal. 

While not a harmonious whole, these various materials should 
benefit potential users of EPLAN, or indeed other econometric 
packages. We hope also that the paper may stimulate the APL 
community to consider econometric techniques in areas where they 
have not yet found wide use, yet where they are c lear ly  
applicable, and to d e s ~  and implement extensions of the system. 
F ina l ly ,  we believe EPLAN tTbe  a good "prototyPe for other high 
technology application packages in APL, and hope that i t  w i l l  be 
viewed in such a l i gh t  by some of our colleagues in the f i e l d .  

2 .  Design of the System 

A conscious e f fo r t  was made to keep the design of the system 
simple by taking f u l l e s t  advantage, wherever possible, of the 
inherent power of APL. As a consequence, the main e f fo r t  could 
be devoted to the inherent elements and relat ionships of 
econometrics: 

o economic variables ( t ime-ser ies, cross-sectional data) 
o operations on and with economic variables 
o estimation of functional relat ionships (regression) 
o solution of nonlinear economic systems. 

By contrast, the development of other, econometric systems 
has been known to require great, sometimes overwhelming, 
expenditure of e f f o r t  towards putting in place data manipulation 
capabi l i t ies  which are essent ia l ly  i n t r i ns i c  to APL. And this is 
usually so even without f u l l  i n t e r a c t i v i t y ,  which we feel is 
essential i f  the forecasting and case study capabi l i t ies  of 
econometrics are to be brought within the grasp of the analyst 
and businessman in commerce and government. 

We believe that i t  is deslrable to bring s imi lar  design 
considerations to bear on other f ie lds  of engineering, applied 
science and applied mathematics, with the end ef fect  of putting 
powerful tools where they belong, namely into the realm of 
pract ical and useful appl icat ion _~_ the ~ pract i t ioner  in 
industry. And we believe that API_ is-The development aid which is 
required i f  the development cost is to ' -~  kept within r e a l i s t i c  
bounds. 

3__. Economic Variables (see appendix, l )  

The basic elements of econometrics, indeed of economics and 
business, are time series of equidistant data, i . e .  data which 
are equispaced in time, with given "per iod ic i ty "  and star t ing 
period ( for example: 1,2,4,12,52 correspond to year ly ,  
semi-annually, quarter ly ,  monthly, weekly data, respect ively) .  
(Cross-sectional series can also be handled by EPLAN but we 
shall not dwell on them here). 

In the system a time series is a named vector whose f i r s t  
element is a unique number (computed from the "header") which 
defines the or igin and per iod ic i t y ,  the other "coef f ic ients"  
being the time series values, themselves. 
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System functions DF and EC permit the t rans i t i on  between 
the "real object"--and its--APL representation: 

COST÷12 1 9 7 3  5 12~ 4 6 2 7 1 

COST 
2368112 4 6 2 7 1 

~C coST[l] 
12 1973 5 

Multi-dimensional time series are multi-dimensional aggregates 
of vectors, a l l  having the same header. 

Display and tabulate functions are avai lable for  "pleasing" 
representation of the time series (see appendix 2 for some 
examples). The system provides for the inser t ion of 
user-constructed headers and row names. Plot functions are 
avai lable for simultaneous graphic display of several time 
series. 

4 .  Operations on and between Time Series 

The system contains a substantial number of operators, 
summarized in Table I .  Many of these operators are analogous 
to the APL pr im i t i ves ,  except for special treatment of the 
header. 

TABLE l :  Summary of operators defined in the APL ECONOMETRIC 
PLANNING LANGUAGE 

Dyadic 

Monadic 

Spec. Oper. 

System 
Operation Function 

Name 

+ P 
- ~T 

~c "F 
÷ 

* FW 

L 
~E 

= E 
~E 
G 

= ~E 

A 
V 

log 
exp 
sin 
COS 
tan 

abs value 
cumul value 

sh i f ts  
f i r s t  d i f f .  
f i r s t  quot. 
rect. d i s t r .  
norm.distr. 

change period. 

AND 
OR 

LOG 
EX'P 
SIN 

c ~  

NOT 

LAG 

~ T  
N ~  
CHANGE 
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But there are also special operators of unique signi f icance 
for economic data. 

Much of the time the operators leave the headers unchanged, 
the operations being performed element by element on the 
coef f ic ients  of the time series. However, the special 
operators often involve a s h i f t  in the time series o r ig in ,  
thus af fect ing both coef f i c ien ts  andheaders. 

As almost always with APL, by far the easiest way of learning 
the operations is to s i t  down at the terminal and to t ry  them 
out for  simple examples. See appendix 2 for some i l l u s t r a t i o n s .  

Dyadic operators may involve a scalar l e f t  argument, as in 

2 T COST 
23681•2 8 12 4 14 2 

10 R Cost 
2368112  2 . 5  1 . 6 6 6 6 6 6 6 6 7  5 1 . ~ 2 8 5 7 1 4 2 9  10 

or, more f requent ly ,  time series for both arguments (as in the 
addit ion of time series, for example). 

Logical operations on time series produce Boolean time series, 
which are used in turn to operate on other time series to 
produce logical  e f fects ,  such as selection of designated 
coe f f i c ien ts .  

COST T COST G 5 
2368112  0 6 0 7 0 

When an operation involves two time series, such as (un i t )  cost 
and volume below, the time frame over which an operation is to 
be carried out, must be specif ied e x p l i c i t l y  or is determined 
by defaul t  (see appendix 2). 

VOLUME÷12 1972 11 ~F 10 11 11 9 8 lO 12 13 

DISPLAY ,VOLUME T COST' 

VARIABLE VOLUME T COST 

PERIODICITY : 12 
ORIGIIJ = 1973 5 

HO OF ENTRIES : 2 

TIME VALUE TII~E VALUE 

1973 5 48.00000 1973 6 78.00000 

5. Functional Relationships 

The economic re lat ionships can be specif ied by " d e f i n i t o r i a l  
equations", and by "s t ructura l  equations" (to be estimated). 

5.1 De f i n i t o r i a l  Equations 

Econometric models often contain d e f i n i t o r i a l  equations 
which can be viewed as mere variable transformations. In 
EPLAN a l l  equations are stored as APL-character vectors: 

REVEQU~'DREV÷DEL LOG VOLUME T COST' 

REVEQU 
DREV÷DEL LOG VOLUME T COST 
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The specif icat ion ("equation") under the quotes can be 
executed by means of the APL pr imi t ive ~ , provided that 
~'ts r ight  hand side part is completely specif ied. For 
example: 

COST÷12 1972 11 ~_F 3 2 2 1 4 5 4 6 2 7 1 

~R~VEQU 

DREV 

2 . 3 6 8 E 6  0.3102 0 0.8938 1.269 0.4463 0.04082 0.q855 

5.2 S t r u c t u r a l  ( S t o c h a s t i c  I Equa t ions  

Most equations in econometrics contain unknown parameters 
to be determined ("estimated") from the given data by 
regression techniques. EPLAN provides a var iety of 
~egression options which can be combined in many ways 
during the estimation procedure. 

The f o l l o w i n g  examples have to do w i t h  a model which 
desc r i bes  i n t e r r e l a t i o n s  between sa les  and a d v e r t i s i n g  
e x p e n d i t u r e s  f o r  f i l t e r  and n o n - f i l t e r  c i g a r e t t e s  in 
the U.S. c i g a r e t t e  i n d u s t r y  (see the program d e s c r i p t i o n  
manual o f  EPLAN). 

Equations are estimated one by one. They are generally 
nonlinear in the variables, but are assumed to be l inear 
in the unknown parameters BO, Bl, B2 below. 

HFCU34-'Wl÷B0 P (R1 T. $1 D $2) _P B2 ~' 1 LAG $1 D $ 2 '  

I N V A R ÷ ' I , 1  ~ C  $ 1 , 1  ~ G  $2,1 ~&C $1 ~ S 2 , P I '  

( I ,  LAG X defines a lag of one period in the time series X). 
An aux i l i a ry  variable INVAR is defined to be used in an 
invocation of the "instrumental variable technique" during 
regression. The regression technique phase is i n i t i a ted  by 
the function REGRESS and is characterized by a sequence of 
answers to "W T ~ : "  requests of the regression function. 

Hp, o u 3 ÷ ' w I '  L3~C.RESS ' I , s 1  ~ S2,1 _CA C $1 ~ S2' 
WITH : A 1 t 0 
RHO: 0.1732689385 

WITH: INVAR Z~T '$1 D S2' 

WITH : 

COEF/VALUE/ST ERR/T-STAT ..... 

1 0. 30t14~ 0.05852 5.20197 
2 0.33337 0.26026 1.28091 
3 -0 .14827 0.21698 -0 .68333 

NO OF VARIABLES . . . . . . . . .  2.00000 
NO OF OBSERVATIONS ...... 10.00000 

SS DUE TO REORFSSION .... 0.03541 

SS DUE TO RESIDUALS ..... 0.00508 
F-STATISTIC ............. 24.38778 
STANDARD ERROR .......... 0.02694 

R*2 -STATISTIC .......... 0.87450 
R*2 CORi{ECTED ........... 0.83864 

DURBI~7 WATSON STATISTIC, 1.98565 
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As is shown in the example, the user may invoke a f i r s t - o rde r  
autoregressive correction of the error term by the request. 
Al ~0, followed by an instrumental variables subst i tut ion 
for the variable Sl D $2 with the "instruments" which are 
the l e f t  hand argumen[ i n . . .  INST . . . .  (For a description , 
see Thei l ,  1971). A void input (h i t t i ng  of RETURN at the 
terminal) to the request WITH: terminates the selection of 
regression techniques. The techniques are executed in 
order of select ion. At the end, an ordinary least square 
operation is performed on the observation data modified 
as indicated by previous requests. Ordinary least squares 
alone is i n i t i a t e d  by a void input to the f i r s t  WITH: request. 

The e x p l i c i t  r e s u l t  o f  REGRESS i s  a w e l l - d e f i n e d  e s t i m a t e d  
e q u a t i o n ,  i . e .  an e q u a t i o n  w i t h  n u m e r i c a l  c o e f f i c i e n t s ,  o f  
t he  same fo rm as a d e f i n i t o r i a l  e q u a t i o n .  The t o t a l i t y  o f  
d e f i n i t o r i a l  and e s t i m a t e d  s t r u c t u r a l  e q u a t i o n s  w i l l  f i n a l l y  
c o n s t i t u t e  a c o m p l e t e  e c o n o m e t r i c  m o d e l .  

tfEQU3 
WI÷ ( 0.30,~44 =. '~ 1 ) P_ ( 0.3333"// _T S1 D_ $2 ) ~ ( - 0 . 1 4 8 2 7  T. 1 

&4C S l  ~ S2) 

6. MODELS 

6.1 Def in i t ion 

Models  a re  a se t  o f  d e f i n i t o r i a l  and s t r u c t u r a l  e q u a t i o n s .  
A c o m p l e t e  model has as many d e p e n d e n t  ( e n d o g e n o u s )  v a r i a b l e s  
as t h e r e  a re  e q u a t i o n s .  In EPLAN a model i s  r e p r e s e n t e d  by 
an A P L - c h a r a c t e r  m a t r i x ,  where each row c o r r e s p o n d s  to  one 
e q u a t i o n .  The model may be assemb led  by means o f  t he  
f u n c t i o n  DMODEL 

COULIS'f ÷ ' ~OUi ,MEQU2 ,[iIEQU3 ,EQU4 ,Di ,D2 ,D3 ,D4 ,D5 ' 

MO~ELI+~f~DEL EOULIST 

,~OOELI 

S1÷ ( 227.177 2 WR ) P ( 0.546535 Z SLI) P ( 0.120248 T DI ) 
$2÷ ( -87.0728 Z WR ) P ( 0.829077 2 SL2) ~ ( 0.121466- Z DI ) 
WI÷ ( 0 . 3 0 4 4 4 3  Z 1 ) P ( 0 . 3 3 3 3 7 4  2 SR ) P ( - 0 . 1 4 8 2 6 6  Z SRL) 
W2÷(0 .385065 T 1) ~ ( - . 2 9 1 0 0 8  T SR) P ( . 1 9 8 6 8 1  T SRL) 
SR÷S1 D $2 
S L I ÷ I  LAG S1 
SL2÷1 LAG $2 
SRL÷SLI ~ SL2 
WR÷WI D W2 

The r ight  argument is a l i s t  of equation names; the sequence 
of these names indicates the sequence of the equations in 
the model (the example is again taken from the manual). The 
equations have to be wri t ten in normalized form, so that 
each endogenous variable occurs in exactl~ one equation of 
the model on the left-hand side. The same variable may 
not occur on the right-hand side of that equation, except 
in lagged form. However, i t  may occur on the right-hand 
side of other equations. 
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6.2 Solution 

Models are solved in EPLAN by means of a multi-dimensional 
var iant of the well-known GAUSS- SEIDEL technique. Essent ia l ly ,  
th is technique successively substi tutes estimates for the 
endogenous variables into the right-hand side of the model, 
s tar t ing from "good" i n i t i a l  estimates (see e.g. Ortega and 
Rheinboldt, 1970). Note, that our model representation in 
character matrix form can be interpreted as the canonical 
representation of a val id APL-function. Thus, each i t e ra t i on  
of the GAUSS-SEIDEL technique corresponds to one execution of 
that funct ion.  The solut ion process via the function SOLVE 
makes d i rect  use of that fact .  

I n i t i a l l y ,  i t  is usual ly desirable to reorder the sequence 
of equations so as to obtain an almost recursive model. 
This is done by the function ORDER, using VAN DER GIESSEN's 
subst i tu t ion  algorithm (1970). "Convergence may be considerably 
accelerated by that procedure. Before executing SOLVE, i n i t i a l  
estimates for  only those endogenous variables must be supplied 
which are not recursively evaluated wi th in the f i r s t  i t e ra t ion  
( in the example below Sl and $2 as indicated by the execution 
of ORDER). Also various convergence parameters may be set 
(no~-s'hown). After successful execution of SOLVE the solutions 
can be called by name. 

I~PEL2÷' '~ZER t~DELI 

SEQUENCE OF EQUS: 
SLI,SR ,SL2,SRL,WI ,W2 ,WR ,SI .$2 

GIVE INIT APPR FOR: 
SI ,$2 

SALESMODORD 
SLI÷i &AG Sl 
SR÷SI D $2 
S L 2 ÷ 1  &&C $2 
SRL÷SL1 # SL2 

WI÷ ( 0.304443 T I ) P ( 0.333374 T SR ) p ( -0.148266 T SRL) 
W2÷(0 .385065  $ i) P ( - . 2 9 1 0 0 8  T SR~ P ( . 1 ~ 8 6 8 1  T SRL) 
WR÷W1 D W2 - - - 

$1÷ ( 2 2 7 . 1 7 7  T WR ) P ( 0 . 5 4 6 5 3 5  T S L 1 )  P ( 0 . 1 2 0 2 4 8  T D I  ) 
$2÷ ( - 8 7 . 0 7 2 8  T WR ) P ( 0 . 8 2 9 0 7 7  T S L 2 ) - p  ( 0 . 1 2 1 4 6 6 - T  D I  ) 

A INITIAL ESTImaTES FOR SI AND $2: 

$I 

195401 250 .328  398 .658  6 9 0 . 0 8 1  9 5 2 . ~ 2 3  1232 .111  1 4 1 4 . 7 1 8  
1526.195 1571.303 1613,578 1657.487 1731.53 1672.207 
1702.119 

$2 
195401 3196 .318  2856 .406  2 6 6 8 . 8 2 4  2453 .522  2178 .211  2008 .075  

2006 ,827  1 9 9 1 , 5 9  1971 .696  1 9 0 0 . 6 8 4  1808 .007  1590 523 
1633 ,202  ' 
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'S1,S2,W1,~I2, ~VE MODEL2 
CONV AT I2:9 

A SOLUTIOHS, E.G. 

S1 

19540• 250 .328  711 .40429  1001 .2352  1 1 8 9 . 0 2 1 7  1 3 0 2 . 9 2 9 1  1 3 7 2 . 3 5 5 4  
1449.049 1521.7~38 1587.4465 1653.2687 1709.2758 1764.6163 
1818.5691 

$2 
1 9 5 4 0 1  3196 .318  2870 .6459  2612 .7354  2 4 0 5 . 3 9 3 9  2 2 3 3 . 2 1 3  2 0 8 8 . 7 5 1 5  

1978.954 1873.5413 1776.1248 1711.8389 1663.6987 1648.1199 
1651.1821 

* A revised version of EPLAN requires i n i t i a l  estimates for 
exogenous variables only, with their names as le f t  arguments 
of SO~_VE (see appendix 2). 
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APPENDIX l BASIC STATISTICAL TERMS AND TECHNIQUES 

I .  Time Se r i es  and Model Language 

Time Series: Deterministic or random data which may change 
and can be measured at d i f fe rent  points in time. 
In economics and business planning equidistant 
time series are mostly used, which are defined 
at equidistant points in time (periods), e.g. 
year ly ,  quarter ly,  monthly series. The time 
characterist ics of an equidistant time series 
can be f u l l y  described by the per iod ic i t y ,  i .e .  
the number of periods per year (12 = monthly 
series) and by the or ig in ,  i . e .  the period of 
the "oldest" information (1975 2 = February 
1975 for a monthly series or second quarter 
1975 for a quarterly series).  The period 
values of the series are thereby ordered with 
increasing time. A header in EPLAN gives 
compound information on per iod ic i ty  and origin 
(12 1975 2 for a monthly series start ing 
February 1975, 4 1975 2 for a quarterly series 
start ing with the second quarter 1975). In te rna l l y ,  
this header is transformed into a unique single 
number. 

Cross-sectional Data: Deterministic or random data which are 
time independent or measured at the same point 
in time, e.g. a year's product sales in Belgium, 
France, UK, Germany, I t a l y ,  etc. They are defined 
in EPLAN by a zero header. 

Intersection: of two or more time series: set of values for these 
series which refer to common periods. 

time series A 

time series B 

time 

intersection 

Figure l . l  

Figure l . l  shows the largest possible intersection 
for series A and B, which is calculated by EPLAN 
i f  no e x p l i c i t  intersection control is assumed 
( o ST 0 ). Via e x p l i c i t  intersection control 
(e.gT--4 1973 l ST~lg74 4) the intersection can 
be reduced further (f igure 1.2) 

time series A 

time series B 

time 

intersection 

F igu re  1.2 
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The intersection process is used in various 
s i tuat ions,  e.g. in the application of a 
dyadic operation such as "Plus" A P B, or in 
the selection of periods for regression and model 
solution. 

Special Operators: Operators with par t icu lar  use in econometric 
modeling, for instance 

lags and leads: sh i f ts  of periods in a time 
series (LAG) 

f i r s t  difference: a period's value minus the 
previous period's value (DEL) 

f i r s t  quotient: a period's value divided by 
previous period's value (RTO) 

per iod ic i ty  change :  aggregation or disaggregation of 
time series with respect 
to time, e.g. transformation 
of a monthly series into a 
yearly series by averaging, or 
vice versa by l inear interpo- 
lat ion (CH.ANGE) 

rectangular d is t r ibu t ion :  generation of random 
variates with uniform d is t r i bu t ion ,  zero mean 
and standard deviation one (NORM). 

Endogenous Variable: 

Variable evaluated by the model during solution 
phase (dependent variable) 

Exogenous v a r i a b l e :  

Va r iab le  prov ided by the user before s t a r t i n g  
the model s o l u t i o n  phase. Independent v a r i a b l e  
supp l ied  from ex te rna l  sources. ( p o l i c y  
v a r i a b l e s ) .  

2. ReBresslon 

Simple COr re la t ion  c o e f f i c i e n t :  A measure f o r  the c o r r e l a t i o n  
between two v a r i a b l e s  ( t ime s e r i e s ) .  A value 
of +I or - I  s igna ls  exact  l i n e a r  dependence 
(w i th  p r o b a b i l i t y  one), a zero value the 
lack of c o r r e l a t i o n .  Values cl~se to +I or - I  
are u s u a l l y  i n t e r p r e t e d  as an i n d i c a t i o n  f o r  
c o r r e l a t i o n  (though no p rec ise  theory is  
a v a i l a b l e ) .  

Ord inary  Least Squares: The model has the f o l l o w i n g  p r o p e r t i e s :  

a) i t  is l inear in the parameters ~ j  ~ f j . - . ;  ~, " 

( the constant  term ~ may be 
suppressed) 

b) the se r ies  X ~ c j ~ . . ~ X , :  are not c o l l i n e a r ,  
i . e .  no se r i es  can be expressed as a 
l i n e a r  combinat ion of  the o the rs ;  each 
se r ies  va r i es  over t ime w i th  c e r t a i n  l i m i t  
p r o p e r t i e s ,  
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c) 

d) 

the series ~t:jXa~ .j&~e are determinist ic,  
a l l  random effects can be aggregated into 
a residual variable ~ , 

The residuals are normally d istr ibuted with 
zero expectation and unknown standard 
deviation (~"~ 0 , which is independent 
of time (homoscedasticity), 

e) there is no correlat ion between residuals 
of d i f fe rent  periods (absence of auto- 
correlat ion) 

The unknown parameters ~ c ~ P ~ j  --~ b, 
and the standard deviation 0" are estimated 
such that the sum of the squared residuals 
becomes minimal (therefore the name "least 
squares" technique). 

Regression S ta t i s t i cs :  

a) Parameter Estimates: 

STandard ERRor: Indicates accuracy of 
parameter estimate, e.g. estimate ~ 

ST.ERR = interval  within which true parameter 
value l ies  with 95.5 percent probabi l i ty .  
T-STATistic: Serves as a test for the 
hypothesis that the true parameter value is 
zero, i . e .  term may be excluded from the 
equation. Hypothesis is rejected i f  absolute 
value of t is s ign i f i can t l y  large, t yp i ca l l y  
greater than 1.73 (with 5 percent error in 
rejecting the true hypothesis that the 
parameter value is zero, indeed). 
Covariance Matrix of parameter estimates 
(global variable B af ter  regression): Gives 
further information on the s t a t i s t i c a l  
correlat ion between parameter estimates. 
Matrix is needed for calculation of other 
s t a t i s t i c s ,  but may also be used for 
exploring the estimation accuracy. 

b) Total Regression: 

F-STATISTIC: Tests the hypothesis that a l l  

l arameters associated with a real variable 
excluding the constant parameter ~¢) are 

simultaneously zero, i . e .  the regression 
reduces to the constant ~o • The hypothesis 
is rejected i f  F has a sign-1"ficantly large 
value (threshold value can be looked up in 
F-tables with n, T-n "degrees of freedom", 
n being the number of tested parameters, 
T the number of observations). A typical 
value for a three-variables equation would 
be F > 8.6 (assuming 5 percent probabi l i ty  
of rejecting a true hypothesis). 
NO OF VARIABLES corresponds with number of 
parameters included in F-test,  n. 
NO OF OBSERVATIONS, Sum of Squares DUE TO 
REGRESSION, Sum of Squares DUE TO RESIDUALS 
are used for calculation of F and other 
s t a t i s t i c s .  
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STANDARD ERROR is  an es t imate  of  the 
standard d e v i a t i o n  of  the r e s i d u a l s ,  see 
o r d i n a r y  l e a s t  squares,  and may be used f o r  
f u r t h e r  judgment of  the q u a l i t y  o f  r eg ress ion  
which is  expected to produce a r e l a t i v e l y  
small s tandard e r r o r .  Note, t h a t  the s ize  
of  the standard e r r o r  alone g ives no i n d i c a t i o n  
of  the q u a l i t y  of  f o recas t s  from the regressed 
e q u a t i o n ,  s ince the e r r o r s  in  the parameter 
es t imates  add to u n c e r t a i n t y .  

R2-STATISTIC (R2 should be read r - squa re )  is  
a d e s c r i p t i v e  measure ( s i m i l a r  to a s imple 
c o r r e l a t i o n  c o e f f i c i e n t )  o f  the c o r r e l a t i o n  
between the l e f t h a n d - s i d e  ~ and the 
r i g h t  hand s ide ~ : ~ c : t  . . ~ . ~ ( r e g r e s s e d  
va lues of  the dependent v a r i a b l e ) .  R2=I, 
i f  and on ly  i f  the obse rva t i ons  
c o i n c i d e  w i t h  the regressed va lues 
i . e .  there  is  an exact  l i n e a r  r e l a t i o n s h i p  
w i t h  zero r e s i d u a l s .  Otherwise (as in  a l l  
n o n - t r i v i a l  a p p l i c a t i o n s )  R2 l i e s  between 
0 and I .  Here, one assoc ia tes  a h igh 
R2-value w i t h  high "goodness of  f i t "  
o f  the regressed equa t i on .  The R 2 - s t a t i s t i c  
is  increased w i t h  the a d d i t i o n  of  any 
f u r t h e r  v a r i a b l e  to the reg ress ion  equat ion  

R2 CORRECTED has the same i n t e r p r e t a t i o n .  
A s l i g h t  c o r r e c t i o n  i n v o l v i n g  "degrees 
of  freedom" ( i . e .  number o f  v a r i a b l e s ,  
o b s e r v a t i o n s )  is  app l i ed  r e s u l t i n g  in  a 
small r e d u c t i o n  compared to the uncor rec ted  
R2-value above ( i f  R2 is  less than I ) .  
I t  may happen, t h a t  R2 co r rec ted  becomes 
n e g a t i v e ,  whereupon i t  should be i n t e r p r e t e d  
as zero.  

DURBIN WATSON STATISTIC: Tests whether  
there  i s  no a u t o c o r r e l a t i o n  (o f  order  one, 
see below) between r e s i d u a l s  o f  success ive  
per iods  (see assumption e f o r  o r d i n a r y  
Least Squares) .  A va lue c lose to 2 
(e .g .  between 1.65 and 2.35 f o r  a 
t h r e e - v a r i a b l e  equa t i on )  should be expected.  
Below and above these t h r e s h o l d  po i n t s  
there  is  an i n t e r v a l  o f  i n c o n c l u s i v e n e s s ,  
w h i l e  f o r  va lues beyond the t h r e s h o l d s  the 
hypo thes is  o f  no a u t o c o r r e l a t i o n  is  r e j e c t e d .  

RESIDUALS: Est imates of  the r e s i d u a l s  can 
be c a l l e d  in EPLAN by the g loba l  v a r i a b l e  U 
a f t e r  comple t ion  of  r e g r e s s i o n .  

Genera l i zed  Least Squares: 
The assumptions of  homoscedas t i c i t y  and 

a u t o c o r r e l a t i o n  (see o r d i n a r y  Least Squares) 
may be v i o l a t e d .  Th is  de fec t  can be 
co r rec ted  i f  the covar iance  m a t r i x  x o f  the 
r e s i d u a l s  is  known in advance (which is 
seldom the case) .  A spec ia l  and r e l a t i v e l y  
s imp le ,  but impo r tan t  case is  the assump- 
t i o n  of  f i r s t - o r d e r  a u t o c o r r e l a t e d  (au to -  
r e g r e s s i v e )  r e s i d u a l s .  

F i r s t - o r d e r  A u t o c o r r e l a t e d  ( A u t o r e g r e s s i v e )  
Res idua ls :  I t  is  assumed t h a t  the no -au to -  
c o r r e l a t i o n  requ i rement  of  o r d i n a r y  Least 
Squares is  v i o l a t e d  such t h a t  

370 



with coef f ic ient  of autocorrelation 
(RHo) and V: being "well-behaved" residuals, 
i . e .  f u l f i l l i n g  a l l  the assumptions of ordinary 
Least Squares. Such a s i tuat ion occurs quite 
frequently in econometric modeling, especial ly 
when dynamic feedback effects are not expressed 
in the equation (e.g. sales depending on 
sales of previous period). First-order 
autocorrelation is detected by a poor 
Durbin-Watson-Statistic in ordinary Least 
Squares. I t  may be corrected by ei ther 
supplying a known value ~ to the EPLAN 
routine A l or, more frequently, by le t t i ng  
the routTne calculate an estimate for ~. 
Afterwards, the Durbin-Watson-Statistic 
should be def in te ly  improved. Otherwise, 
a more complex autocorrelation scheme may 
d is to r t  the data; this can be handled by 
EPLAN only i f  the complete convariance matrix 
is known (via generalized Least Squares). 

Instrumental Variables Substitution: This technique may be 
applied to multi-equation models with high 
interdependence between endogenous variables. 
For such models, one major assumption of 
ordinary Least Squaresis v io lated,  namely 
that a l l  major random effects be expressed 
through the residuals. Endogenous variables 
of stochastic nature can now appear on the 
righthand-side of some equations and may be 
correlated with the residuals of that 
equation. In the l a t t e r  case, the qual i ty  
of the parameter estimates is distorted such 
that the estimates do not "converge" to the i r  
true values (as should de f i n i t e l y  be expected 
from a good estimation technique) even with 
increasing number of observations. The 
estimation technique is said to produce non- 
consistent estimates. This deficiency can be 
relaxed by a two-stage procedure which f i r s t  
regresses the "problem" variables on a set of 
"aux i l i a ry  var iables",  called instrumental 
variables, and then substitutes the obtained 
regression results into the or ig inal  regression. 

Typical ly ,  the instrumental variables are 
taken from the set of a l l  predetermined 
Variables in the model, which are the 
exogenous and the lagged endogenous variables. 

Two-stage Least Squares: Instrumental Variable 
Substi tut ion, where a l l  predetermined variables 
of the model are used as instruments. In this 
case i t  can be proven that the parameter 
estimates are consistent. 

Principal Components Substitut ion: Has the 
same objective as Instrumental Variables 
Substitution. I f  many instruments are taken, 
problems of c o l l i n e a r i t y  ar ise,  i . e .  various 
instruments may be almost l i nea r l y  dependent 
and thus jeopardize the f i r s t -s tage  regression; 
see assumption b of ordinary Least Squares. 
In this case, a specif ic transformation 
process is applied to the instruments, before 
f i r s t -s tage  regression takes place. The results 
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from th is  transformation process are called 
principal components. The procedure further 
permits the user to reduce the number of 
transformed instruments in a systematic 
fashion, since the principal components 
are ordered by decreasing variance and, 
therefore influence, in explaining the 
variance of the regressed endogenous 
var iable.  A maximum amount of tota l  variance 
(of a l l  instruments) may be specified in 
advance; a typical  value is 90 - 95 percent. 

Polynomial Distr ibuted Lags: Frequently i t  is suggested that 
the left-hand-side variable depends on 
subsequent lags of one variable (besides 
fur ther variables on the r ight-hand-side), 
i . e .  

3. Model Solution 

Simulation: 

I f  many lags are included, problems of 
c o l l i n e a r i t y  as well as number of avai lable 
observations ar ise. A popular way out 
assumes a-p r io r i  res t r i c t ions  on the "weights" 
( ~ j  ~ j  - - . ?  ~ ) namely that they l i e  
on a polynomial-- Through this assumption, 
the above problems can be reduced, but only 
at the cost of a parameter d is tor t ion (due 
to the interpolat ion by a polynomial of a 
degree which should be selected smaller than 
the number of weights). The interpolat ion 
of parameters by polynomials has been 
suggested by ALMON. 

The model is solved for i t s  
endogenous variables over a given number of 
periods {Simulation horiZon) assuming known 
values for the exogenous variables. 

Gauss-Seidel Solution Technique: I n i t i a l  
guesses (solution estimates) for the 
endogenous variables (solutions) are 
provided. These guesses are "improved" 
through successive subst i tut ion into the 
model, un t i l  a solution has been found 
( i . e .  the subst i tut ion process has converged, 
see convergence c r i t e r i on ) .  Each model 
evaluation with a set of solution 
estimates corresponds to one " i t e ra t i on "  

New estimates are immediately used in sub- 
sequent equations, even during the same 
i t e ra t i on .  This solution technique may not 
converge in general, but does often for 
econometric models (see recursive models, 
below). 
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4. 

Convergence Cri ter ion serves for the detection 
of the solut ion. In EPLAN the solution process 
has converged i f  for a l l  endogenous variables 
the re la t i ve  difference between two subsequent 
i tera t ions is less than a predefined value 
(set by SOLVECON. A typical value is 0.005 = 
5 percent d'eviation or O.OOl = l percent 
re la t i ve  deviat ion.)  

I te ra t ion Count: Maximum number of i terat ions 
before stopping an unsuccessful process 
(set by SO LVEIT). 

Relaxation Parameter: A value K with O<K~ 
which effects a damping i f  the solution 
process osc i l la tes,  and in doing so speeds up 
conversion (reduces number of required 
i te ra t ions ) .  The parameter should be set to 
I ,  i f  no osc i l l a t i on  is assumed. I t  may be 
redefined during the solution process by 
interrupt ing the SOLVE function (the 
relaxation parameter is defined by SOLVEREL). 

Recursive Models: There is no mutual interdependence between 
endogenous var iables, but a l l  endogenous 
variables are completely specified by the 
exogenous variables and endogenous variables 
from previous equations in the model (causal 
chain). In this case the solution process 
is t r i v i a l  and terminates a f ter  the f i r s t  
i t e ra t ion .  

Reorderin 9 of Model Equations: Recursiveness 
of models can be hidden by the sequence of 
the equations in the model. Often, by 
reordering the equations, a model form can be 
arrived at which is "almost" recursive, i . e .  
there is mutual interdependence only for a 
few variables. Solving the model in this form 
can improve convergence speed considerably. 
EPLAN uses VAN DER GIESSEN's reordering 
algorithm. 

Su99ested Li terature:  

Koutsoyiannis, A., Theory of Econometrics, Macmillan, London 1973 

(quite complete and detailed treatment of 
regression techniques with examples and 
easy-to-reach mathematical notation) 

Thei l ,  H., Principles of Econometrics, J. Wiley, New York 1971 

(more mathematically oriented treatment of 
regression techniques, including proof of 
theorems). 

Van der Giessen, A.A., So]ring Non-linear Systems by Computer: 
A New Method, in: S ta t is t i ca  Neerlandica 24 (1970) p.l-10 

(treats Gauss-Seidel solution technique 
including reordering of equations). 
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APPENDIX 2 

n DE;.!ONSTRATION OF EPLAN 

,A DESIGNATE APL COMMENTS 
~E DESIGNATE EPLAN COMMENTS 

nA )LOAD 'NAME' ... LOADS A WORKSPACE 

mE EPLAN IS USUALLY IN TWO WOHKSPACES ... EPLI, EPL2 
mE (CO~INE INTO ONE WORKSPACE EPLAN, WHEN POSSIBLE) 

)LOAD EPLI 
SAVED 1!.42.05 06/08/76 
PROGRAM NO.5796-PDW. COPYRIGHT IBM CORP. 1974. REFER TO INSTRUCTI 
ONE ON COPYRIGHT NOTE FORM NO. 1 2 0 - 2 0 8 3  

mA CHANGE THE WORXSPACE NAME TO EPLANDEMO 

)WSID EPLANDEMO 
WAS EPLI 

)WSID 
EPLANDEMO 

mA SAVE THE WORKSPACE UNDER ITS NEW NAME 

)SAVE 
WS NAME IS TOO LONG 

)WSID EPLANDEM 
WAS EPLANDEMO 

)SAVE 
11.51.17 06/08/76 EPLANDEM 

AA EXHIBIT THE GROUPS OF FUNCTIONS IN THE WORKSPACE 

)GRPS 
BASEGRP DISPLAYGRP PLOTGRP 

)LOAD EPL2 
SAVED 11.41.33 06/08/76 
PROGRAM NO.5796-PDW. COPYRIGHT IBM CORP. 1974. REFER TO I~STRUCTI 
ONE ON COPYRIGHT NOTE FORM NO. 120-2083 

)GRPS 
ADDENDUM 
SOLVEGRP 

BASEGRP PILEGRP FILEGRPC 
TRANSLATEGRP 

REGRESSGRP 

)LOAD EPLANDEM 
SAVED 11.51.17 06/08/76 
PROGRAM NO.5796-PDW. COPYRIGHT IBM CORP. 1974. REFER TO INSTRUCTI 
ONE ON COPYRIGHT NOTE FORM NO. 120-2083 
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AA IF OTHER GROUPS NEEDED PROM EPL2. USE COPY COMMAND 

)COPY EPL2 REGRESSGRP 
SAVED 11.41.33 05/08/76 

) WSID 
EPLANDEM 

)GRPS 
BASEGRP DISPLAYGRP PLOTGRP REGRESSGRP 

)SAVE 
13.31.55 06/08/76 EPLANDEM 

AA WHEN GROUP NO LONGER NEEDED, DELETE IT BY ERASE COMMAND 

)ERASE REGRESSGRP 

)GRPS 
BASEGRP DISPLAYGRP PLOTGRP 

RA APL MAY INTERRUPT PROCESSING FOR A NUMER OP REASONS 
,A MOST OFTEN THE INTERRUPTS WILL BE CAUSED BY USER ERROR 
~A OCCAS(ONALLY THERE MAY BE RESOURCE LIMITATIONS 

RA OCCASIONALLY AN INTERRUPT WILL BE USER GENERATED {ATTN KEY) 

AA FOR SOME SUGGESTED ACTIONS YOU MAY WISH TO TURN TO PAGE 14 
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3 5 6  

,A AN APL OBJECT (,TUMBER, CHARACTE2. VECTOR. MATRIX) 
RA CAN BE SPECIFIED (ASSIGNED A VALUe) BY THE OPERATOR ÷ 

A I ÷  3 5 6 

A1 

~A THE VECTOR AI CAN BE EXTENDED BY CATENATION. . .USE OF COMMA 

A I ÷ A 1 , 9  7 

A1 
3 5 6 9 7  

~E A BABY FOOD MODEL 

RE EPLAN DEALS WITH TIHE SERIES, I.E. DATA OVER A TIME PERIOD 

RE EXAMPLE ... BABIES FROH THIRD QUARTER 1960 ONWARD 
AE QUARTERLY DEUAND. PRICE, UNITCOST FOR (OF) BABYFOOD 

R AN ECONOMETRIC MODEL STUDIES THE RELATIONSHIPS BETWEEN 
s THESE QUANTITIES 

IT WILL BE ESTIMATED (CALIBRATED) FROM PAST DATA 
AND USED TO FORECAST DEMAND AND PRICE FOR FUTURE PERIODS 

AE DATA INPUT 

BABIES÷22 30 31 35 36 32 3~ 31 31 36 41 43 41 
DEMAND÷33 39 38 39 41 36 39 34  33 36 37 38 37 

RE IN THE SYSTEH. THE TIME SERIES ARE VECTORS WITH A HEADER 
,E FOLLOWED BY THE DATA. THE HEADER ~ 1 9 6 0  3 SIGNIFIES 
RE START OF THE TIME SERIES IN THE THIRD QUARTER OE 1 9 6 0  

BABIES÷~ 1960 3 DF BABIES 

BABIES 
7 8 ~ 3 0 ~  22 30 31 35 36 32 34 31 31 36 ~1 43 ~1 

RE THE DECODE FUNCTION D ~ - ( A L L  SYSTEMS FUNCTIONS USE 
,E UNDERSTRUCK CRARACTERS) CBANGES TRE HEADER TO ONE NUMER 

DEMAND÷~ 1 9 6 0  3 ~ F  DEMARD 

DEMAND 
7 8 4 3 0 4  33 39 38 39 41 36 39 3~ 33 36 37 38  37 
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PRICE*~ 1980 3 D~ 16.5 15.6 17.1 17.3 17.5 17.5 

PRICE÷PRICE,17.9 18.$ 18.5 19 20.6 20.6 21.6 

PRICE 
78~,$04 1 6 . 6  1 6 . 6  1 7 . 1  1 7 . 3  1 7 . 5  1 7 . 5  1 7 . 9  1 8 . 5  1 8 . 5  19 2 0 . 6  2 0 . 6  
2 1 . 6  

UNIrG4-4 1960  3 ~ 1 ~ . 4  1 3 . 7  i q . 1  l U , . 2  1 4 . 1  l q . 8  1 4 . 2  1 5 . 5  1 5 . 7  

UHITC÷gNI2"C,I~.6 16.45 16.5 16.25 

R.~A r BA 
v 

' BAB~B ' 

VARIABLE BABIES 

PERIODIGI~E = 4 

ORIGIN = 1960 3 

NO OF ENFRIE$ = 18 

TIME VALUE TIME VAI, UE 

1960  
1960  
1961  
1961  
1981  
1961  
1962  

3 2 2 . 0 0 0 0 0  196~ 
4 3 0 . 0 0 0 0 0  1 9 8 |  
1 3 1 . 0 0 0 0 0  196~ 
2 3 5 . 0 0 0 0 0  1962  
3 3 6 . 0 0 0 0 0  196S 

3 2 . 0 0 0 0 0  19~3  
1 3 ~ . 0 0 0 0 0  

2 3 [ . 0 0 0 0 0  
3 3 1 . 0 0 0 0 0  

3 6 . 0 0 0 0 0  
1 4 1 . 0 0 0 0 0  
2 ~ 3 . 0 0 0 0 0  
3 41.00000 

D.~P~AE 'PRERE' 

VARIAB&E PRICE 

PtWRIODICI~Y = 

ORIGEN = 1960  3 

RO OF E N F R I E $  = 18 

TIME VALUE TIME VALUE 

1960  
1960  
1961  
1961  
1961 
1981  
1962  

3 1 6 . 6 0 0 0 0  1962  
4 1 6 . 6 0 0 0 0  1962  
1 1 7 . 1 0 0 0 0  1962  
2 1 7 . 3 0 0 0 0  1963  
3 1 7 . 5 0 0 0 0  1963  
4 1 7 . 5 0 0 0 0  1963  
1 1 7 ~ 9 0 0 0 0  

2 1 8 . 5 0 0 0 0  
3 1 8 . 5 0 0 0 0  

1 9 . 0 0 0 0 0  
1 2 0 . 6 0 0 0 0  
2 2 0 . 6 0 0 0 0  
3 2 1 . 6 0 0 0 0  
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I0 5 9 3 TA_B_ULATE 'DEMAND,PHICE,,BABIES,UNITC, oVOL÷DEMAND _T PRICE' 

1 9 6 0  3 •960 4 1 9 6 1  1 1961  2 1 9 6 1  3 

DEMAND 3 3 . 0 0 0  3 9 . 0 0 0  3 8 . 0 0 0  3 9 . 0 0 0  4 1 . 0 0 0  

PRICE 1 6 . 6 0 0  1 6 . 6 0 0  1 7 . 1 0 0  1 7 . 3 0 0  1 7 . 5 0 0  

BABIES 2 2 . 0 0 0  3 0 . 0 0 0  3 1 . 0 0 0  3 5 . 0 0 0  3 6 . 0 0 0  

UNITC 1 4 . 4 0 0  1 3 . 7 0 0  1 4 . 1 0 0  1 4 . 2 0 0  1 4 . 1 0 0  

VOL÷DEMAND T PRICE 547.800 647.400 649.800 674.700 717.500 

1 9 6 1  4 1 9 6 2  I 1 9 6 2  2 1 9 6 2  3 1 9 6 2  4 

DEMAND 3 6 . 0 0 0  3 9 . 0 0 0  3 4 . 0 0 0  3 3 . 0 0 0  3 6 . 0 0 0  

PRICE 1 7 . 5 0 0  1 7 . 9 0 0  1 8 . 5 0 0  1 8 . 5 0 0  1 9 . 0 0 0  

BABIES 3 2 . 0 0 0  3 4 . 0 0 0  3 1 . 0 0 0  3 1 . 0 0 0  3 6 . 0 0 0  

UNITC 1 4 . 8 0 0  1 4 . 2 0 0  1 5 . 5 0 0  1 5 . 7 0 0  1 5 . 6 0 0  

VOL÷DEMAND T PRICE 6 3 0 . 0 0 0  6 9 8 . 1 0 0  6 2 9 . 0 0 0  6 1 0 . 5 0 0  6 8 4 . 0 0 0  

1 9 6 3  I 1 9 6 3  2 1 9 6 3  3 

DEMAND 

PRICE 

3 7 . 0 0 0  3 8 . 0 0 0  3 7 . 0 0 0  

2 0 . 6 0 0  2 0 . 6 0 0  2 1 . 6 0 0  

BABIES 

UNITC 

4 1 . 0 0 0  4 3 . 0 0 0  4 1 . 0 0 0  

1 6 . 4 5 0  • 6 . 5 0 0  1 6 . 2 5 0  

VOL÷DEMAND T PRICE 7 6 2 , 2 0 0  7 8 2 . 8 0 0  7 9 9 . 2 0 0  

378 



45- 

40- 

35- 

30- 

25- 

20- 

15- 

50 50 2 ?_LOT 'DEMAND,PRICE,BABIES,UNITC' 

0 

0 0 0 

o 0 • 

o 

o 0 

+ 

+ 
+ + + ÷ + + 

+ + + 

10- 

I I I I I I t I I I 
0.0 2.5 5.0 7.5 10.0 12.5 

o 

I 
15.0 

ABSCISSA = TI~'E STARTING PROM 1960 3 

o = DEMAND 

* = PRICE 

o = BABIES 

, = UNITC 
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AE SUPPOSE THE BABYFOOD PEOPLE KNOW THAT 
~E DEMAND DEPENDS ON (NO. OF) BABIES AND INVERSELY ON PRICE 
,E AND AT THE SAME TIME 

PRICE DEPENDS ON DEUAND UND UNITCOST 
rE (A CONSTANT TERM 1 IS OFTEN INCLUDED) 

nE THE COEFFICIENTS IN THE RELATIONS ARE DETERMINED FROM THE DATA 
AE BY REGRESSION TECHNIQUES 

,E WORK WITH 5 DIGIT PRECISION 

~ C I S I O N  S 

RE ANSWER REGRESSION REQUEST WITH: BY HITTING RETURN 
AE (THE SYSTEM PROVIDES MANY OTHER OPTIONS. SUCH AS 
A MULTIPLE REGRESSION FEATURES) 

SAVED 

WITH: 

)COPY EPL2 REGRESSGRP 
11.41.33 06/08/76 

EQI÷'DEMAND' RE~RESS 'BABIES. 1 D PRICE. I' 

COEF/VALUE/ST ERR/T-STAT ..... 

1 0 . 7 1 8 2 5  0 . 0 9 4 2 7  
2 7 6 6 . 6 1 7 2 1  1 1 6 . 0 1 8 3 3  
3 - 2 9 . 4 8 3 0 5  9 . 1 8 5 0 3  

7 . 6 1 9 4 4  
6 , 6 0 7 7 3  
3 . 2 0 9 9 0  

NO OF VARIABLES ......... 2 
NO OF OBSERVATIOIVS ...... 13 
SS DUE TO REGRESSION .... 62 
SS DUE TO RESIDUALS ..... 10 
F-STATISTIC ............. 29 
STANDARD ERROR .......... I 
R*2 -STATISTIC .......... 0 
R*2 CORRECTED ........... 0 
DURBIN WATSON STATISTIC. 2 

0 0 0 0 0  
0 0 0 0 0  

,25542  
6 6 7 6 6  
1 7 9 5 1  

, 0 3 2 8 4  
8 5 3 7 1  
8 2 4 4 6  
3 • 9 0 3  

AE THE STATISTICS (T-STAT. F-STAT. R*2 - STAT) 
AE INDICATE THAT THE RESULTS ARE SIGNIFICANT (STANDARD TEXTS) 
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EQ2÷IPRICE ' ~E~RESS 'DEMAND,UNITC,I' 
WITH: 

COEE/VALUE/ST ERR/T-STAT ..... 

1 0 . 2 1 9 4 0  0 . 0 5 6 7 3  3 . 8 6 7 5 9  
2 1.68975 0 . 1 3 9 9 2  1 2 . 0 7 6 3 9  
3 1 5 . 1 0 4 3 5  3 . 4 8 2 5 7  4 . 3 3 7 1 3  

NO OF VARIABLES ......... 2.00000 
NO OF OBSERVATIONS ...... 13.00000 
SS DUE TO REGRESSION .... 29.53114 
SS DUE TO RESIDUALS ..... 2.01809 
F-STATISTIC ............. 73.16589 
STANDARD ERROR .......... 0.44923 
R*2 -STATISTIC .......... 0.93603 
R*2 CORRECTED ........... 0.92324 
DUBBIN HATSON STATISTIC. 1.83016 

~E THE MODEL EQUATIONS CAN BE GROUPED TOGETHER AS A MODEL 

BABYFOODMODEL÷~M~DEL 'EQI,EQ2' 

BABYFOODMODEL 
DEMAND+ ( 0.71825 T BABIES ) ~ ( 766.62 ~ 1 ~ PRICE) ~ ( -29.483 
ZI ) 
PRI'CE~ ( 0.2194 Z DEMAND) P ( 1.6898 ~ UNITC ) ~ ( -15.104 Z I ) 

AE ERASE THE REGRESSGRP WHICH IS NO LONGER NEEDED 
)ERASE REGRESSGRP 

)SAVE 
14.44.04 06/08/76 EPLANDEM 

~E THERE ARE TRANSLATION AND RETRANSLATiON FACILITIES 

SA VED 
)COPY EPL2 ADDENDUM 
11.41.33 06/08/76 

~A CHANGE WIDTH FOR BETTER PRINTOUT 

)WIDTH 70 
WAS 65 

RE,HANS BABYEOODMODEL 
DEMAND÷ ( 0 . 7 1 8 2 5  x B A B I E S  ) + ( 7 6 6 . 6 2  × 1 ÷ P R I C E )  + ( - 2 9 . 4 8 3  x 1 ) 
P R I C E ÷  ( 0 . 2 1 9 4  x DEMAND) + ( 1 . 6 8 9 8  x U N I T C  ) + ( 1 5 . 1 0 4  x 1 ) 
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AE FORECASTING REQUIRES ASSerTIONS FOR THE 
RE EXOGENOUS VARIABLES (BABIES, UNITCOST) 

AE FOLLOWED BY THE SOLUTION OF THE ESTIMATEO MODEL FOR THE 
~E ENDOGENOUS VARIABLES (DEMAND. PRICE) 

AE OVER THE FORECASTING HORIZON, SAY 4 QUARTERS STARTING 
AE IN 4TH QUARTER OF 1963 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

AE RETAIN ONLY BASEGRP (OTHERWISE SYMBOL TABLE MAY HAVE TO 
,E BE ENLARGED) 

)ERASE DISPLAYGRP PLOTGRP ADDENDUM 

)COPY EPL2 SOLVEGRP 
SAVED 11.41.33 06/08/76 

)GRPS 
BASEGRP SOLVEGRP 

AE LET ASSUMPTIONS FOR THE NEXT YEAR BE 
~E BABIES...40 37 41 42 
AE UNITC . , . 1 6 . 6  1 7 . 1  1 7 . 3  1 7 . 6  
AE THE FOUR QUARTERLY VALUES FOR DEMAND, PRICE WILL BE COMPUTED 
~E FROM THE MODEL 

BABIES÷BABIES,40 37 41 42 
UNITC÷UNITC,16.6 17.1 17.3 17.6 

AA USE 6 DIGITS FOR PRINTING 

)DIGITS 6 
WAS 10 

AE SAVE INITIAL DEMAND AND PRICE DATA 
DEMAND 04-DEMA ND 
PRICEO÷PRICE 

BABIES 
7 8 4 3 0 4  22 30 31 35 36 32 34  31 31 36 41 43 41 40 37 41 42 

UNITC 
7 8 4 3 0 4  1 4 . 4  1 3 . 7  1 4 . 1  1 4 . 2  1 4 . 1  14 .8  14 .2  1 5 . 5  1 5 , 7  1 5 , 6  1 6 . 4 5  1 6 . 5  
1 6 . 2 5  1 6 . 6  1 7 . 1  1 7 . 3  1 7 . 6  
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RE BEFORE INVOKING SOLUTION PROCEDURE, SET 
AE CONVERGENCE, ITERATION, RELAXATION PARAMETERS 
AE SUPPRESS SOLVE OUTPUT PARTIALLy 

S_ODVECON . 005 
S O & V E I T  SO0 
S O_~VEREC 1 

QgZPUT o 

AE SOLVE BABYMODEL FOR DEMAND AND PRICE (WITH EXOGENOUS VARIABLES 
AE BABIES AND UNITC) FOR NEXT FOUR QUARTERS 
AE SET TIME FRAME BY MEANS OF ST 

4 1 9 6 3  4 S_T 4 1 9 6 4  3 

'BABIES,UNITC' S~VE BABYFOOOMODEL 
PER 4 1963 4 CONVERGED AT ITERATION 5 

PER 4 1 9 6 4  I CONVERGED AT ITERATION 4 

PER 4 1964 2 CONVERGED AT ITERATION 5 

PER 4 1 9 6 4  3 CONVERGED AT ITERATION 4 

AE THE COMPUTATIONS (GAUSS-SEIDEL METHOD) WERE EXECUTED 
nE TIME PERIOD BY TIME PERIOD, AND CONVERGED TO A SOLUTION 

AE THE RESULTS ARE IN DEMAND AND PRICE 

DEMAND 
7 8 5 6 0 4  3 5 . 9 8 8 4  3 3 . 3 6 8 1  3 5 . 1 0 5 2  3 4 . 9 9 8 4  

PRICE 
785604 2 0 . 8 4 2 5  2 1 . 1 1 2 5  2 1 . 8 3 1 6  2 2 . 3 1 5 1  

)ERASE SOLVEGRP 
)COPY EPL1 DISPLAYGRP PLOTGRP 

INCORRECT COMMAND 
)COPY EPL1 DISPLAYGRP 

SAVED 1 1 . 4 2 . 0 6  0 6 / 0 8 / 7 6  

10 5 9 3 TA_BULATE 'PRICE,DEMAND t 

1 9 6 3  4 1 9 6 4  I 1 9 6 4  2 1 9 6 4  3 

PRICE 2 0 . 8 4 3  2 1 . 1 1 3  2 1 . 8 3 2  2 2 . 3 1 5  

DEMAND 3 5 . 9 8 8  3 3 . 3 6 8  3 5 . 1 0 5  3 4 . 9 9 8  
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AE PLOT NEYLY OBTAINED VALUES 

40 50 10 ?~T 'PRICE,DEMAND' 

3 6 - *  

- -  W 

3 4 -  

3 2 -  

3 0 -  

2 8 -  

2 6 -  

2 4 -  

2 2 -  

- 0  

2 0 -  
f 
1 

I I I I I I 
2 3 

ABSCISSA = TIME STARTING FROM 1963  4 

0 = PRICE 

* = DEMAND 
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SAVED 

~E USE TABULTEXT FOR TABLES WITH ROW AND COLUMN TEXT 

TABHEAD÷'VALUES OF TIME SERIES OVER FORECAST + 
TABHEAD÷TABHEAD,'RORIZON' 
TEXTDEMAND÷'DEMAND' 
TEXTPRICE+'PRICE' 
TEXTBABIES÷'BABIES' 
ZEXTUNITC~'UNIT-COST' 

)COPY EPL2 TABULTEXT 
1 1 . 4 1 . 3 3  06/08/76 

I0 5 9 3 T~BULT~XT 'DEMAND,PRICE,,BABIES,UNITC' 

VALUES OF TIME SERIES OVER FORECAST HORIZON 

1 9 6 3  ~ 1 9 6 4  1 1 9 6 4  2 1 9 6 4  3 

DEMAND 3 5 . 9 8 8  3 3 . 3 6 8  3 5 . 1 0 5  3 4 . 9 9 8  

PRICE 2 0 . 8 4 3  2 1 . 1 1 3  2 1 . 8 3 2  2 2 . 3 1 5  

BABIES 40.000 37.000 41.000 42.000 

UNIT-COST 16.600 17.100 17.300 17.600 

AE CONSTRUCT DEMAND AND PRICE TIME SERIES FROM THIRD 
AE QUARTER 1960 TO THIRD QUARTER 1964 
AE BY CATENATION OF INITIAL SERIES WITH FINAL SERIES 
AA (THE HEADER OF THE FINAL SERIES BEING DROPPED) 

DEMAND÷DEMANDO,I+DEMAND 
PRICE÷PRICEO,I+PRICE 

DEMAND 
7 8 4 3 0 4  33 39 38 39 41 36 39 34  33 36 37 38 37 3 5 . 9 8 8 4  3 3 . 3 6 3 1  3 5 . 1 0 5 2  
3 4 . 9 9 8 4  

PRICE 
7 8 4 3 0 4  1 6 . 6  1 6 . 6  1 7 . 1  1 7 . 3  1 7 . 5  1 7 . 5  1 7 . 9  1 8 . 5  1 8 . 5  l g  2 0 . 6  2 0 . ~  2 1 . 6  
2 0 , 8 4 2 5  2 1 . 1 1 2 5  2 1 , 8 3 1 6  2 2 . 3 1 5 1  
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~E USE THE COMMAND C~ANGE FOR CHANGING OF PERIODICITIES 
.E THERE ARE TFREE OPTIONS FOR COMPRESSION 
AE TEN OPTIONS FOR EXPANDING OF PERIODICITY 

AE COMPRESS TIME SERIES DEMAND TO At!NUAL SERIES 
~E USING OPRION 1...AVERAGE VALUES 

DEMA~I 1 CLiANGE DEMAND 

DI_SPLAY 'DEMA ' 

VARIABLE DEMA 

PERIODICITY = I 

ORIGIN = 1960 1 

NO OF ENTRIES = 5 

TIME VALUE TIME VALUE 

1 9 6 0  1 3 6 . 0 0 0 0 0  1 9 6 3  1 3 6 . 9 9 7 1 0  
1 9 6 1  1 3 8 . 5 0 0 0 0  1 9 6 4  1 3 4 . 4 9 0 5 2  
1 9 6 2  1 3 5 . 5 0 0 0 0  

~E CREATE A SEMI+ANNUAL TIME SERIES BY LINEAR INTERPOLATION 

DEMSA÷2 2 ~H~GE OEMA 

D~-SPLAY 'DEMSA' 

VARIABLE DE~4SA 

PERIODICITY = 2 

ORIGIN = 1960 1 

NO OF ENTRIES = I0 

TIME VA L UE TIME VA L UE 

1 9 6 0  
1 9 6 0  
1 9 6 1  
1 9 6 1  
1 9 6 2  

1 3 4 . 7 5 0 0 0  1 9 6 2  
2 3 6 . 0 0 0 0 0  1 9 6 3  
1 3 7 . 2 5 0 0 0  1 9 6 3  
2 3 8 . 5 0 0 0 0  1 9 6 4  
1 3 7 . 0 0 0 0 0  !964 

2 3 5 . 5 0 0 0 0  
1 3 6 . 2 4 8 5 5  
2 3 6 . 9 9 7 1 0  
1 3 5 . 7 4 3 8 1  
2 3 4 . 4 9 0 5 2  
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~A POSSIBLE INTERRUPTS OF THE SYSTEM: SUGGESTIONS 

,A SOME ERRORS LEAD TO A MESSAGE. BUT REQUIRE MERELY 
HA A CORRECT RESTATEMENT (IN THE FOLLOWING THE LEFT HAND 
,A ARGUMENT OF A FUNCTION IS MISSING) 

TABULATE 'PRICE' 
SYNTAX ERROR 

T~ULATE'PRICE' 
A 

AA OTHER ERRORS LEAD TO SUSPENSION OF EXECUTION WITHIN 
HA A FUNCTION. OR SEQUENCE OF FUNCTIONS 
HA ACTION: QUERY WITH )SI. CLEAR WITH : ÷ 

40 60 20 PLOT 'DEMAND' 
UNACCEPTABLE WIDTH 
DOMAIN ERROR 
ARGUMENT[4] ~÷B[A-~II;] 

^ 

)SI 
~RGUMENT[4] * 

MPLOT[3] 

)SI 

HA COPYING MAY LEAD TO WORKSPACE OVERFLOW OR 'SYMBOL TABLE FULL' 
HA ACTION: REMOVE UNNEEDED GROUPS BY )ERASE 
HA OR: INCREASE SIZE OF SYMBOL TABLE IN CLEAR WS) 

mE THE FOLLOWING PERTAINS TO APL/SV ONLY 

)GRPS 
BASEGRP DISPLAYGRP PLOTGRP 

)COPY EPL2 SOLVEGRP REGRESSGRP ADDENDUM 
SYMBOL TABLE FULL 

) SAVE 
13.36.50 06/08/76 EPLANDEM 

) CLEAR 
CLEAR WS 

)SYMBOLS 500 
WAS 256 

)COPY EPLANDEM 
SAVED 13.36.50 06/08/76 

)COPY EPL2 SOLVEGRP REGRESSGRP ADDENDUM 
SAVED 7.08.31 03/02/76 

) WSID EPLANDEM 
WAS CLEAR WS 

) GRPS 
ADDENDUM BASEGRP DISPLAYGRP PLOTGRP REGRFSSGRP SOL VEGRP 
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