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ECONOMETRIC ESTIMATION AND SIMULATION USING AUTO-PATCH SYSTEM3)

0. INTRODUCTION

Several hybrid implementations of continuous-time econometric systems were
discussed in [2] and [3].

One of the disadvantages of analog programming is that the structure of the
system has to be manually created by patching the relevant electronic circuits.
Recently, at Delft University of Technology an auto-patch system has been
developed and implemented, see [1]. The patching is replaced by a digitally
programmable definition of the analog circuit, which is automatically created
by high speed electronic switch matrices. A brief description of the auto-patch

facility is given in the next section.

A small system, defined in section 3 has been recently implemented on the
auto-patch installation. It is suitable for continuous-time estimation and
simulation. Its application is illustrated on an example related to the model
described in [ 3].

1. AUTO-PATCH SYSTEM

The Delft hybrid auto-patch system is implemented on the hybrid installation
AD4-PDP 11/45 of the Delft University computing centre. The hardware of the
system consists of a parallel processor (AD4) connected via an interface to
the sequential processor PDP 11/45. For the programming of the parallel pro-
cessor a simple set of statements and a compiler (SCALP) have been developed.

For hybrid communication a library of subroutines is available.

The parallel processor has an arithmetical part and a boolean control part. The
arithmetical elements can perform basic mathematical operations like integra-
tion with respect to time, summation, multiplication by a constant or by a

variable, division, etc. All elements can operate simultaneously (parallel).

1) T.H. Delft, Hybrid Computing Centre,
2) K.H.Tilburg, Department of Econometrics,

3) Research connected with K.H.T.-pool-project "Hybrid Simulation of Economic
Models".



They are controlled by boolean control components, which can perform, in
parallel as well, basic logic functions like 'AND' and 'OR' operations and
memory functions like a flag (flip-flop), timer or counter. For linkage of
the arithmetical with the boolean elements, comparators and switches are

present.

Figure 1 shows a global sketch of the present system:
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Figure 1: Present hybrid automatically programmable system.
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PROGRAMMING THE PARALLEL PROCESSOR

Each hybrid program consists of two parts:

The parallel part consists of the arithmetical and boolean circuits.
Figure 2a depicts the flow by which a parallel load module can be obtained.
Note that in certain circumstances the necessity of diagrams does not
exist: the mathematical formulas can be translated directly into parallel
statements.

The sequential program coordinates all organizing, communication and

sequential calculating activities.
Figure 2b shows the way in which a sequential load module can be generated.

mathematical formulas

arithmetical & boolean sequential flow
diagrams diagrams
~N I
parallel e.g. FORTRAN
statements statements
T [
SCALP e.g. FORTRAN
compiler compiler
I I
parallel LINK necessary
load module software
1
sequential
load module

Figure 2a: Figure ib:
Parallel programming. Sequent ial programming

Using the parallel statements together with the SCALP compiler [ see Zegwaard, 4]
introduces a significant simplification in parallel programming: the parallel
and sequential parts of the program can now be treated in identical ways.

From figure 2a it follows that the arithmetical and boolean diagrams must
translated into parallel statements. Each statement should contain all the
necessary information for a complete description of one block in the diagram
(block-oriented statements).

The general form of a parallel statement is

xij=NAME(TYPE,inputs,parameters,control,expressions);

Xij identifies the block to be programmed. The part ij is called the address,
and consists of 2 or 3 digits. All addresses are octal numbers.

NAME specifies roughly the character of the block, while TYPE determines the
functional characteristics more in detail.

All blocks whose outputs are to be connected with the input(s) of block Xij
must be specified.

Parametrical information can be specified (e.g. the value of a coefficient
or the number of events to be counted).

The way in which the block is to be controlled must be stated (e.g. the
boolean control input of a switch).

By means of the expressions certain operations on the inputs can be specified
(e.g. a boolean expression at the SET-input of a flip-flop).




2.1 Arithmetical Parallel Subprocessor

Figure 3 shows the layout of the present arithmetical subprocessor.

SIA : distributing
submodule : matrix @
coefficient switch
submodule ) submodule
gumming
matrix 1
comparator :
submodule :

Figure 3: Present arithmetical parallel subprocessor.

Both matrices contain electronic switches which can be controlled by the
sequential processor and assure complete interconnectability between the main
arithmetical components. System design allows each output of matrix 1 to be
the weighed sum of any number of matrix () inputs. There is one restriction
however: each connection by means of a coefficient or switch can be used

only once. There are no restrictions with respect to the number of times a
matrix @ input is used.

At the moment the SIA submodule contains 8 individually programmable integrator/
summer components. On the outputs the non-linear operations square/square root or
multiplication /division can be applied. The coefficient submodule contains 12
digitally settable coefficients. The switch module has 4 switches, which are
controlled from the boolean parallel processor. The comparator module contains

8 comparators. Each comparator can defect the sign of a linear combination of

variables and send that information to the boolean parallel processor.



2.2 Boolean Parallel Subprocessor

In figure 4 the boolean parallel subprocessor is depicted.

function cutput

section select
boolean inputs: boolean outputs:
boolean references '0' & '1' integrator control
comparator outputs
Boolean Input Register switch control

boolean RUN
oscilloscope enable
® Boolean Output Register

Figure 4 : Present boolean parallel subprocessor.

At this time the function section contains 6 boolean submodules which can be
identified as Lij, ij being the address (ij=1¢,11,...,15).

The boolean submodules can be programmed to operate as combinative or sequential
(flip-flop, counter, timer) elements.

Three different modes can be activated for the boolean subprocessor: LOAD, STOP
and RUN. In LOAD mode all sequential elements read their initial values, while

in STOP mode the outputs keep their last attained values. In RUN modeé the' state of
a sequential element is determined not only by its active inputs, but also by
history (memory function). Combinative elements are mode independent: their
output is always determined by their active inputs.

SCALP compiler

When the parallel program has been completed it can be punched into cards or
created via the editor as a file on the disk of the sequential processor. This
parallel source program can be transformed into a parallel load module by means of
a compiler, called SCALP. The load module containing all necessary structural in-
formation for the parallel processor. After the translation phase it can be imple-
mented on the parallel processor. In order to facilitate programming an extensive

set of messages is created upon detection of any error during compilation.

HYBRID software

A library of hybrid software allows hybrid access of the parallel processor.
The available software can be arranged into three groups:

- implementation software, which allows on-line implementation of parallel load
modules under sequential program control,

- terminal software for the communication between the sequential program and the
hybrid terminals,

* for comminication with digital computer.



- hybrid communication software, dedicated to the transfer of data/control to
and from the parallel processor. Examples are: for communication with the
arithmetical part, setting of coefficients and reading of integratdér outputs;
for the communication with the boolean control part: setting of the boolean
input register, and reading of the boolean output register.

HYBRID terminals

Once the hybrid program is running it can be controlled from:

- the console of the sequential processor. Numerical in- and output can be done
and messages can be written on the video-terminal,

- one of the hybrid terminals. Numerical input can be read from the thumbwheels
and control input can be obtained from the push buttons. The thumbwheels and
pushbuttons are read into sequential variables so allowing to control manually
the flow of the sequential program and the values of parameters.

Graphical output of arithmetical parallel data can be displayed on the oscil-
loscope of the terminal.

3. STRUCTURE OF THE SYSTEM, DATA REPRESENTATION, ESTIMATION PROCEDURE

In the present implementation the following set of ° equations can be solved:

y(t) = a,z, (t) + a,zy (t) + N (t) + a,
1 2 3
dz)‘i
T Ai (zi-zl ) i i=1,2,3.

i
i are exogenous variables, ZA are ex-
ponentially delayed exogenous variables (the length of the delay is 2 given by

1/Ai).

where y(t) is an endogenous variable, z

It is assumed that the data for the variables are given in discrete form. The
continuous representation for the analog calculations is automatically created.
In the present version it is done by linear interpolation between the data

points, as illustrated in fig. 5.

data

Figure 5: Reconstruction of exogenous data.



During the digital part of the estimation process we have to compare the values
of the analog solution yi(t) with the data Yik* Therefore the analog variables
are sampled and the values yi(Gk), where k = 0,...T; and § is the length of the

discrete time period, are transmited to the digital computer.

As in [ 3] , the estimation problem is defined in terms of non-linear least squares.

6* is a solution of the estimation problem if it minimizes:

+ 2
S(0) = I (y, (8k)-y;) (3.1)

k=0

In this implementation 6 can be defined as any subset of:

al,az,aa,a4,A1,A2,A3
The optimization procedure described in [ 3] is used to find the minimum of (3.1)
4. FEATURES OF THE IMPLEMENTATION

During a typical session the following activities can be undertaken:

1. Selecting variables from the data base: Specified variables are made operatio-
nal for the system. The initial scaling is performed automatically, however,
if necessary the user can alter the scaling at any stage of the computations.
The equation specification is recorded on the line printer. A simulation run
starts with the parameter values specified on the thumbwheels.

2. Display of data and the variables. At this stage, the user has the opportunity
to observe on the memoscope the data, variables and the delayed variables. A
hard copy of the memoscope picture can be made at any stage of the computations.

3. Manual optimization: By changing manually the parameter values, specified on
the thumbwheels, and observing the reaction of the endogenous variable on the
‘memoscope the user can attempt to impréve the fit of the model. The function
value and the best (so far) set of parameters can be printed on the line-
printer.

4. Automatic optimization. By pressing a pushbutton it is possible to activate an
automatic estimation procedure. The user specifies a subset of parameters and
their initial values and then the optimization procedure attempts to locate
the minimum of S. The optimization process can also be observed on the memo-
scope, and if, for some reason it is not converging it can be manually inter-

rupted.
After optimization the values of estimated parameters are recorded on the line-

printer.

5. Change of specification: At any stage of the computations the user can change
the specification of the equation, by eliminating and/or introducing variables
into the equation or changing scaling factors.

The improvement of fit in case of price of exports equation (endogenous - pe;

exogenous - w, v-a, pm) for details and notation, see [3], is illustrated on

figure 6.



Figure 6.

Here the crosses denote discrete data, the upper curve corresponds to the star-
ting point for optimization, the lower curve to the estimated values. The values

of the parameters are given in the table below:

%y oy By 4 A A Ay
Start: 0.21  0.84 0.30 0.22 10.0  10.0 10.0
-0.17  0.87 1.00 1.3 3.9 0.02  15.0

The value of S was reduced from 3.86 to 0.74.



Parallel structure diagram

Figure 7: Definition of patching
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Nov. 'T9



APPENDIX St

c-u—-----------------.-------------.---.--'-----.---.-....--...'-.--"..‘.-....

i

(FhOYOYoO OoOOoooCcO OO OO0 O0OOO0O0O00O000MmM OO 0T OO0 OO0

e G v T

5

HYBRID ESTIMATION OF ONE EQUATION ECONOMETRIC MODELS
MAIN PROGRAM

MICHIEL DE BRUIJN, RC, TH DELFT
JERZY SYLWESTROWICZ, KH TILBURG

IMPLEMEMTATION UN DELFT HYBRID AUTOPATCH SYSTEM
INTERACTIVE EXPERIMENTING FACILITY VIA HYBRID TERMINAL #0

19=0CT=79, FILE SYLECO,FOR
PARALLEL PROGRAM I[N FILE SYLECO,SRC

SUBROUTINE CALLS!®
DR417=DATA READING
0541 7=WRITE FRAME ON MEMOSCOQPE
FU4L1TRFUNCTION EVALUATICN
GR417=uRITE GRAPH ON MEMOSCOPE

HYBRID COMMUNICATION LIBRARY: HWLIB,08J
ACCESS FINDFL TERMNL SAWTIM

FRESH THUMBW COSAWS
SPEED IPUSHB COSAWC
SETUPD

GAIN GRAPH TBSTIM

-----------.----...------.-------.---PUSHBUTTON FUNCTIONS

- GPTIMIZATION
= HGRAPHICAL DISCRETE DISPLAY
THUMBwWHEERL @ DETERMINES VARIABLES

[
€

i
c

-

LU

- i)

: = ENUOGENGCUS

- EXOGENQDUS 1

- EXOGENQuUS 2

- EXOGENQUS 3

LiNVEAR INTERPOLATION

SRORTENING DELAYS

INTERMEDIATE QPTIMIZATION RESULTS
GUY QOF QPTIMIZATIUN PROCEDURE
NEW SPECIFICATION

= FrRINT CURKRENT RESULTS
C..-----------------.---.-'------..-'-..’--..----.-.--.------.--.-----D--...-.
UNE EGUATION SYSTEM, AN AUTQ«PATCH IMPLEMENTATION

E------------Q----—.'-----------------.-.n-.-..--.--.-...---....---.--...-.--.

LINENSION
DIMENSION
CIMENOION
CIMENSION
NIMENSION
DIMENSION
DIMENSION
DIMENSION

VAR(33,40),8FC(40),XNAM(40),PAR(10),RPAR(LA)
ENDD(SBJ.EXOI(30),Exoatlﬁl.ExoB(SBJ,SEN(SD)
NPAX(12)

POP(10)

IDELAY(3)

Is2(3),1S1(3)

Xx(i@)

IPATCH(6ARS)

NATA ISQ/7d,e,8/
DATE IS81/1,1,1/

DATA

IDELAY/"n4,"Q5,"06/

COM'IUN ENDO,EXxN1,EX02,EX03, SEN
Camsah NPAX,MRES,I1,J1,NSTAR,NFIN
:-a---—---------------------.---------INITIALIZ‘TION

CALL
CALL
CALL
CALL
CALL
CALL
CALL

LSSIGN(2,*SYLDAT,DAT?)
ASSIGN(16,°MS1:?)
ACCESS

FINDFL(IPATCh, *SYLECD")
IMPLDF(IPATCH)
HRAPH(E)



CALL TERMNL (@) <:E)
CALL SETUPD("036,1)
CALL SETUPD("w4u,1)
CALL SAWTIM(1,) lowe=TIMEBASE
CALL COSAWS("dn,1) IEEE L i
EALL COS‘WC("036) 1---- "
CALL LGSAWC("U“B) I "
FALL COSAWC("042) |noee s
Tis.
Jisy
LCAR=? {me=a]/Q
LREaDs2
LitEti0Oste6
LPRIN=6
LCUNR=ES
FP=yj,i
Fhsiig,
LCONweT
MEM= 16
IviseR
IMODE=sY
ISIZE=Tu
ng svo I=21,30 |»=»==DATA ARRAYS
DO 580 J=1,40
VAR(I,J)=3,0
508 CONTINWUE
NFaT
NSLIC=
EE=3110G8,0
READ (LREAD, 10C3) IDAY,IwEEK,ILAT,IDISP
TLAT=ILAT+1900
GRITE{(LPRIN,9377) IDAY,IWEEK,ILAT
FEWIND LPRIN
9377 FORIAT(IHL1,//,* EXPERIMENTS PERFORMED ONs 12,%0%,124%,%,186,/7/7)
READ(LREAD,1203) NDAT,IT,NENDO,NEXO,NSTAR,NFIN
PERIODaNFIN=NSTAR
PER]IOU=22,0
CALL TBSTIM(PERIOD)
NYPAXsNFIN
NSTaNSTAR
1003 FORMAT(2R]I4)
1014 FUNTIAT(20A4)
NYASSLENDQeNFE X0
NEQRsNENDO
C---------------.----------------------READ DATA
CALL DPR417(NDAT,IT,VAR)
REAL(LREAD, 1?14) (XNAM(J), J=1,40)
C----------------c---~-------~---------D!TERHINING SC‘LING F‘CTORS
DO 409 J=1,NDAT
AMAXSAHBS (VAR (NSTAR=1,J))
{2 4u! IsNSTAK,NFIN
ABV=ABS(VAR(I,J))
IF(AMAX=ABV) 450,401,401
450 AMAX=ABY
4e1 CONTINUE
SFCCJ)=AMAX
4qu2 CONTINUE
00 +u2 Jel,NDAT

SCAL30,0

SFeSFC(J)
451 SCaAL=SCAL + 5,0

IF (SCAL=SF) 451,452,452
45¢ SFC(J)=sSCAL

40e CONTINUE
SFC(12)355.¢



102 CONTINUE >

N0 499 I=1,10
499 MPAX(1)=]
CmemcrcaccrccnncenascncconennaneneenaaeERMINAL COMMUNICATION
PALISE * CHOOSE VARIABLES®
Real'(LCONR,1903) IEND,IEX1,IEXxe,IEX3
WRITE(LCONW,1@14) XNAMCIEND) , XNAMCIEXL), XNAM(IEXR2)
i XNAM(CIEX3)
whITE (LCONW, 1WOS) IEND, TEX1, JEX2, IEX3
WRITE (LCONW,1CR4)SFCCIEND),SFC(IEX1),SFC(IEX2)
1y SFC(IEX3)

PALSE * RESCALE VARIABLE®
Kbal (LCUNR,12¢3) KSC,ISCA
WKITE (L.CONW,10P3)KSC,ISCA
IF(KSC,EQ,2) GO TO 530
SFC(ryC)sISCA
537 CONTINUE
WRITE(LPRIN,1015) XNAM(IEND), XNAM(IEX]),XNAM(IEX2)
i XNAM(IEXZ)
FEwInl LPRIN
1044 FORMAT(IH ,10F4,1)
1015 FUFMAT(® ENDOGENOUS:*,A4/° EXOGENQUSE®,3A4)
C-.--——---w-------.-'-------.----.----.SCALING OF ARRAYS
SFLeoFC(IEND)
SF1=SFC(IEX]1)/SFE
SFe=SFC(IEX2)/SFE
SFX=SFC(IEX3)/SFE
SF4=1,0/SFE
DO 511 I=NSTAR,NFIN
ENUOCI)=VAR(Y,IEND)/SFE
EX0L(I)SVARCI,IEX1)/SFCC(IEXY)
txue(l)svar(l,IEXR)/SFC(IEX2)
EXUG3(I)sVARCI,IEX3)/SFC(IEX3)
S5C1 CUNTINUE
(eomvanrcnmcnvrccrnncencranannnaevesneaREAD THUMBWHEELS
DL Svig 131,7
Sge FARCLI)sTHUMBWCI)
181 CONTINUE
CALL 08417(e3) |e=e=«WRITE FRAME ON MEMOSCOPE
GAlI=1,
CALL GAIN(CIDELAY,IS2,3)
IF(IPLSHB(3),EG,0) GO TO 1114
GAI=IC,
CALL GAIN(CIDELAY,ISt,3)
111 CONTINUE
RPAR(])=FAR(1)/SF1
c---------------.-----.-----.----.--.n-PAR‘METER RECALCULATIO~
KFak (g)sPAR(2)/5Fe
RFFPAR(3)3PAR(3)/SF3
RPAW(4)3PAR(4)/SFu
RPAR(S)=sPAR(5)*GA]
RPAN (6)3PAR(6)*LA]
RPAK (7)sPAR(7)*GA]
Cewmcmmemnccceccnescrrnecnmnnneeoeneeae [NITIALLY ONE FUNCTION EVALUATION
CALL FU41T(NP,PAR,FV)
WRITE(LPRIN,10P1) NSUC,FV,FN
WREITE(LPRIN,1023c) (PAR(I),I=1,7)
e ITE (LPRIN,1F2) (RPARC(L),I=1,7)
REWINLL LPRIN
IXz=1202
1Ys=11000
JX2=9500
JYe=10500
CALL FRAPH(1)



5 I I
wRITL(MEH,1007)INODE'ISIZE.IX,IY,(PAR(I).I'I.?J L!)
"REwWIHND MEM
CALL GRAPH(D)
1ol FORMAT(IH ,IS5,° Fa’,2F12,3)
luvh FOWNAT (212,216, Py pa P3 Pa D1 D2 03’)
1907 FORMAT(212,216,7F7,3)
1002 FORMAT(IH ,7F7,.3)
FP=sFYV
c--------------------'-'--.-'-'---'-'-DYN“MIc SECTION
10t CONTINUE
NPs7
D0 S1p I=1,7
519 PAF(I)=sTHUMBW(I)
CALL FULIT7(NP,PAR,FN)
IF(FN,GT,FP) GO TO 520
FPaFw
DO 51i Is1,7
541 FOP(I)sPAR(I)
NSUC=NSUC+1
52¢ CONTINUE
C-------------------------------------DIGIYAL DISPLAY ON MEMOSCOPE
IF(IPUSHB(1).EQ,0) GO TU S21
CALL GRal?(B'IT,VAR,SFC,IEND'IEXl,IEXE.IEXB,XNAH. IDAY, IWEEK,
i ILAT)
521 CONTINUE
C
IF(IPUSHB(7),EQ,IPUS) 60 TO S22
IPUSEIPUSHB(T)
DO 51¢ I=1,7
512 PAF(1)=POP(I)
GC TO 11
522 CONTINUE
C
IF(IPUSHB(®) ,EW,P) GO TO 110
GO TO 102
110 CCNTINUE
5
IF(IPUSHB(2),EQ,P) GO TO 0@
LO 1°S I=g,7
125 XX(I)=PAR(1)
c-------------------------.-----OODQOUOOPTIMIZ‘TION
PALGE * READ NR, OF PARAMETERS FOR OPTIMIZATION®
KREAD(LCONR,1@19) NPAR
1019 FORMAT(I1)
PAUSE * READ INDEXIES AND PARAMETER VALUES®
DG 121 I=1,NPAK
READCLCONR,1016) NPAX(I),XX(I)
IF(NPAX(1),EG,R) GO TO 124
121 CONTINUE
1ed IF(HPAX(1).NE,?) GD TQ 127
NPAs(l)e1
XX(1)=PAR(1)
127 CONTINUE
1016 FORMAT(I!,F10,2)
NTESTs19
CALL COPTI(NPAF,Xx.NTEST.FM,VARI,NFUN,NSUC.FVALJ i===a0PT, ROUTINE
LO 1#2 I=})1,NPAR
KKeNPAX(I)
PAR(KK)=XxX(I)
122 CONTINUE
IF(FVAL,GE,FP) GO TO 1P}
FPsfFVAL
DO 123 I=i,7
123 PUP(I)=PAR(I)
Ho 498 I=1,19



498 CONTUI;:‘GE.‘-‘
"GO0 TO 141
END
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OO0OO0OO0O0OOO0O0O000

D0 1 I=1,N
READ(LREAD, 1000) (x¢J,1),J21,1I7)
1 CONTINUE
1000 FORMAT(9F8,.,0)
1001 FORMAT(IH ,15,12F10,3)
1002 FORMAT(iHL,///," DATA SET?*)
1003 FORMAT(LIHQ,////)

HYBRID ESTIMATION OF ONE EQUATION ECONOMETRIC MODELS
SUBROUTINE FOR DATA READING

MICHIEL DE BRUIJUN, RC, TH DELFT
JERZY SYLWESTROWICZ

16=0CT=79, FILE SYLDRD,FOR
NsNUMBER OF DATA VECTORS (OUTPUT)

ITsNUMBER OF YEARS (OUTPUT)
XsDATA MATRIX (OUTPUT)

------.--------..---..---.-..--..--.--.-..-.---...---.---.--.'.C----.-....--.
SUBROUTINE DR41TIN,IT,X)
DIMENSION X(37,40)

c-.---.-...----------.---.---.--..-..-DATA TRAN"OR"‘TIONS

D0 6 Ja1,I7
X(J,25)%0,171%X(J,31)=0,@742X(J,25)
X(J,27)80,06T%X(J,27)=0,008%X(J,32)

& CONTINUE
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c HYBRID ESTIMATION OF ONE EGUATION ECONOMETRIC MODELS
c SUBROUTINE FOR WRITING A FRAME ON THE MEMQOSCOPE
c

c MICHIEL DE BRUIJN, RC, TH DELFTY

c JERZY SYLWESTROWICZ

c

c 15=0CT=79, FILE SYLMOS,FOR

c

c NYMAX=MAX NUYBER OF YEARS OBSERVED

c

c HYBRID COMMUNICATION ROUTINES

c GRAPH

c LINE

c

.----.'-.---.---..---.--.------........-..-.-...-----.---.-...‘--.....-...
SUEROUTINE 08417 (NYMAX)
c-.----u------------.-w-...---.--..---DEFINITION 0' ’R‘”E COORDIN‘TES
IFX=0
IFYsD
IDFXx=12000
IDFY=19200u
IDDY=i4d@
ISHYsIDDY/2,0
IFMxXsTFX+IDFX
IFMNXsIFX=IDFX
IFMXYsIFY+IDFY
IFMNYsIFY«IDFY
IDDX=FLOAT((IFMXX=IFMNX))/ (NYMAX=])
c-.-----.-.-.---------.-.-.--.----.--.NRITE FR‘ME
CALL GRAPH(1)
CALL LINECIFMNX,IFMXY,IFMxX,IFMXY)
CALL LINECIFMNX,IFY ,IFMXX,IFY )
CALL LINECIFMNX,IFMNY,IFMXX,IFMNY)
CALL LINECIFMNX, IFMNY, TFMNX, IFMXY)
CALL LINE(CIFMXX, IFMNY, IFMXX, IFMXY)
NYEARZNYMAX w2
TYsIFMXY
DO 600 I®1,3
IX=IFMNX
D0 500 IYEAR={,NYEAR
IXsIX+IDDX
lyesly=I0DY
500 caLL LINECIX,IY,IX,IY2)
6ul IYsIY=IDFY+ISHY
CALL GRAPH(D)
RETURN
END
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HYBRID ESTIMATION OF ONE tOQUATION ECONOMETRIC MODELS
SUBROUTINE FOR FUNCTION EVALUATION

MICHIEL DE BRUIJN, RC, TH DELFT
JERZY SYLWESTROWICZ

16=0CT=79, FILE SYLFUN,FOR

NPsNUMBER OF PARAMETERS (INPUT)
PARSPARAMETER VECTOR (INPUT)
FNesvALUE OF FUNCTION (OUTPUT)

c
c
c
c
c
c
c
c
o
c
C
c
¢ SUBROUTINE CALLS?
c RS417SRESETTING OF PARAMETERS
c
c
c
c
c
c
o
c
o
c
c
c

MYBRID COMMUNICATION ROUTINES
SETCOF
SYSRUN
SYSLD
QUIET
SAMPLE
SETBIT
BORWT
SAW
TBSE
.---ﬂ--.------‘-----.----------.----.--..-.--..-..---..--.-.-..--...-..-
SUBROUTINE FU41T(NP,PAR,FN)
DIMENSION PAR(12)
DIMENSION ENDO(30),EX01(32),EX02(30),EX03(30),8EN(32)
DIMENSION NPAX(10)
COMMON ENDO,EXOIaEXOE,EXUS.SEN
COMMON NPAX,MRES,I1,J1,NSTAR,NFIN
C---------------.------------------.-HYBRID DYNAMIC SECTION
CALL RS417(NP,PAR)
C------------------------------------PREPARATIUN
NT=sHNSTAR
CALL SETCOF("236,EX01(NT+1))
CALL SETCOF("937,EXQ1(NT))
CALL SETCOF("D4Q,EXQ2(NT+1))
CAaLL SETCOF("Q41,EXD2(NT))
CALL SETCOF("MQB.EXO!(NT*1))
CALL SETCOF("D43,EXO3(NT))
CALL SYSRUN
CALL SYSLD
calLL QUIET(10)
c------------------------------------sAMPLE AND PLAY=BACK
CALL SAW(1)
CALL TBSE(1)
CALL SYSRUN
217 CONTINUE
CALL SAMPLE("u®,SEN(NT),!)
CALL SETBIT(2,1)
CALL SETBIT(Q,2)
NTaNTel
IFtNT,GT,NFIN) GO TO 290
CALL SETCOF("a36,EX01(NT+1))
CALL SETCOF("037,EX0L(NT))
CALL SETCOF("24p,EX02(NT+1))
CALL SETCOF("wa1,EX02(NT))
CALL SETCOF("042,EXQ3(NT+1))
CALL SETCOF("7%43,EX03(NT))
CALL BORWT(®Q)
GO TH 210



UV LALL OTowW
CALL SAw(©)
CALL TBSE(Q)
:----------------—----.------.-.-.-COSUM 0' SQUARES
S§E=08,0
DO 579 I=sNSTAR,NFIN
579 SSE=SSE ¢ (ENDO(I) = SEN(I))we2
FNa5SE
RETURN
END
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COMMOi
COMMON

HYBRID ESTIMATION OF ONE EQUATION ECONOMETRIC MODELS
SURRCUTINE FOR RESETTING OF PARAMETERS

MICHIEL DE BRUIJUN, RC, TH DELFT
JERZY SYLWESTROWICZ

17=0CT=79, FILE SYLRES,FOR

NsNUMBER OF PARAMETERS TO RE CHANGED
PAXsVALUFES OJF PARAMETERS

NPAX=INUEX OF THE PARAMETER
MRES=ERROR ARGUMENT

HYBRID COMMUNICATION ROUTINE
SETCOF

SUnROUTINE RS417(N,PAX)
DIMENSION PAX(10),NPAX(14)
DIMENSION ENDO(30),EXQ1(32),EX02(30),EX03(30),SEN(30Q)

14

cotrion ENVLO,EXO01,EX02,EX03,SEN

COMHON NPAX,MRES,I1,J1,NSTAR,NFIN

MERES=Y

N0 19 Isi,N
KaNPAX(I)
VAL=PAX(I)
IF(k,LT,S) GO TO 14
IF(VAL,LT,3,.) GO TO 11
CONTINUE
IF(VAL,LT.=-1,5) GO TO 11
IF(VAL,GT,1,5) GO TO 12
G TO0(1,2+,304,5,6,7),K
CaLL SETCOF("230,VAL)

a0 TO 1@

CALL SETCNF("®31,VAL)

0 TO 10

CaLlL SETCOF("@32,VAL)

50 70 10

CalLlL SETCOF("@12,VAL)

L0 TO 1@

CALL SETCOF("@33,VAL)

) TN {0

CALL SETCOF("@34,VAL)

0 TO 1@

caLL SETCOF("a35,VAL)
COMTINUE
RETURN
MRESSeK |»===NEGATIVE BOUNDARY REACHKHED
RETURN
MRES=K |en==POSITIVE BOUNDARY REACHED
RETURN

END
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HYRKID ESTIMATION OF ONE EQGUATION ECONOMETRIC MODELS

SUBROUTINE FOR WRITING A GRAPH OF A VARIABLE ON THE MEMOSCOPE

MICHIEL DE BRUIJN, RC, TH DELPT
JERZY SYLWESTRUWICZ

16=0CT=79, FILE SYLGRA,FOR

N3sFIRST YEAR

ITeAST YEAR

VARaVARIABLE T0O BE DISPLAYED

SFCeSCALING FACTOR

IEND=POINTER TO ENDOGENOUS VARIABLE
IEX1=POINTER TO FIRST EXOGENOUS VARIABLE
IEX22POINTER TO SECOND EXQGENQUS VARIABLE
IEX3=POINTER TO THIRD EXOGENOUS VARIABLE
XNAM=

INAY=

IWEEK=

ILAT=

SURBROYUTINE CALLS?
CRU17=swRITE CROSS ON MEMOSCOPE

HYBRID COMMUNICATION ROUTINES
GRAPH
THUMBW
LINE

SUBRUUTINE GR417 (NS, IT,VAR,SFC,IEND,IEX],IEX2, IEX3, XNAM,IDAY,
! IWEEK, ILAT)
DIYENSION VAR(30,40),S8FC(40)
DIMENSION XNAIT(40)

LHEMOB1 G

CALL GRAPH(})

NvARSTEND

IThuMBaTHUMBW () *1 0

IF( ITHUMB.EU,1) NVAReIEX]
IFCLTHUNB ,EQ,2) NVAR=TEX2

1F (1 THUMB,EQ,.3) NVARSIEX3
TF(ITHUMB ,EW.d) NVAR=IEND
16TEPe22000,2/(IT=NS)
FIFTA=10QUB

1,3=10000

1oFLsl0@

bu |} I'NS'IT
IYsFIFTA*VARCI,NVAR)/SFC(NVAR)
CALL CR417(1x,1Y,IDEL)
1,sIX+ISTEP

CuUNTINUE

IF(IPUSHB(2) ,EQ,R) 6O TU 11
IYSFIFTA*VAR(NS,NVAR)/SFC(NVAR)
H53sNS+1

Ixs=10004

DO e IsNS5,17

I141sIX+ISTEP
IY1=sFIFTA=VAR (I,NVAR) /SFC(NVAR)
CAauLl LINE(IX'IY,I‘lpIVI)
Ix=IX]

IYys]Y}l

CUNTINUE

CUNMTINUE

CALL GRAPH(®)



RETUSMN
END
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HYBRID ESTIMATION OF QONE EQUATION ECONOMETRIC MODELS
SUBROUTINE FOR WRITING A CROSS ON THE MEMOSCOPE

MICHIEL DE BRUIJN, RC, TH DELFT
JERZY SYLWESTROWICZ

16=0CT=79, FILE SYLCRS,FOR
IXsHORIZONTAL POSITION
IYsVERTICAL POSITION
IDEL=CRUSS SIZE

HYBRID COMMUNICATION ROUTINE
LINE

SURKOUTINE CR417CIX,IY,IDEL)
IxU=IX+1VEL

IyuslY+IDEL

IxMsIx=10EL

IyM=IY=IDEL

CALL LINECIXM,IY,IXD,1Y)
CalLL LINECIX,IYD,IX,IYM)

RETURN
END
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HYBRID ESTIMATION OF ONE EQUATIQON ECONOMETRIC MODELS
SUBROUTINE FOR OPTIMIZATION ALONG COORDIANTE DIRECTIONS

MICHIEL DE BRUIJN, RC, TH DELFT
JERZY SYLWESTRCWICZ

17=JCT=79, FILE SYLOPT,FUR

NPsNUMRER OF PARAMETERS

PAKsFARAMETER VECTOR

NTEST=

Fris

VARI=

NFUYBNUMHER OF FUNCTION EVALUATIONS
NSUCENUMRER DF SUCCESSFUL FUNCTION EVALUATIONS
FVAL2FUNCTION VALUE

SURBHQUTIME CALLS
FU41TeFUNCTION EVALUATION
SU437sDETERMINATION OF SUCCESS OR FAILURE

HYSRID COMMUNICATION ROUTINE
IPUSH ™

GUrrUTINE COPTICNP,PAR, NTEST,FM,VARI,NFUN,NSUC,FVAL)

LI

NS ION

PIMLSTON

pIe

L1t

i
L &'

Cove

LS TON
£ 15 LN

S TON

Oty END

PAR(10)

X(19)

ENDOC30),EXO1 (30),EX02(30),EX03(30),SEN(32)
NPAR(LG)

FYEC(50),BUCL1S)

Cux‘"-?’« 'iPAx,NHES|l‘,Jip"lSTAR,NFIN

(Y
L b 2

ST
11
IFL

s T

1)

= 0]
L

3IU

isufsy

NMEVALSWTEST

f.'lﬁ; CL‘5~

{ 1tiVE

53,0

se=.

|
‘q il

CD-----—--'.----

.o

s M L

1 is1.N
reLl FU
FVEC (1)
53S+FV
5928505 +
TIHUE

Frlss/iEVAL
VARI855/NEVAL = FMaFM

gé},g;'a.v;

o

¢

I I'l!N
3958528898

cecmewmcaneee=sAPPROXIMATING VARIANCE OF A FUNCTION EVALUATIC
EvAL

41T (NP,PAR,FV)

sFV

FVwaFV

EVAL
¢« (FVEC(I) = FMYwxxg

VAR T2SSS3/ (NEVAL=-Y)

SERLBSORT(VARI)

TH(SEPPLE. . 0AC2Q1) SErR=0,200001

WO ITE(LCONW,1106)SS,SERF,NFVAL,NTEST
WEITE(LPRIN, 110Q0)
WETTE(LPRIN, 1166)FH, VARL, (NPAX(I),I21,NP)

1106 EQOR

1170 Foe

AT (1A
ATI(Y ©

v 2FiC,7,718)
PTTIIZATION STARYS WITHE')



c.------—---------------------—--------UPTIHIZ‘TIUN ALONG COORDIN‘TES

K161%

Crmomme

3ud

T2

aie

6Le

w{!3

Whi

TELPRAN, LLEL) Fitg AFANRLspas=syg ™

1121 FOURNAT(” FUNCTION VALUF=*® F8, 3/‘PAFANETERS'/7FB 3//7)

RE«IND LPRIN

FrafM

THL
TAU
TEU
0o

Lo

- -

20,5« (] ,0+S50RT(5,02))
431,0/TAU

3= (TAU=1,2)*TAU4
Sup I=1,NP
x(I)=PAR(I)

32 Is1,NP
LLPL=A,

ALPRzO,

ru(l)=u,
KFReHPAX(I)
STEPX3STUN

——------------------—--.------DETERHINING INITI‘L SEARC“ INTERV‘L

COHTINUE
A(I)sPAR(I)=~STEFXK

CaLl. FLLLT (NP, Xx,F1)

IF (IPUSHE(S) ,NE,Q) GO TO 811
TFUNSIFUN+]

iF("KES ) 302,373,372
IMFEIIMRE+]
IF(MKES,LT,@) GO TO &0}
5(I1)=1,d499

nG TL 888

CONTINUE

K(l).'lnaqq

iF(KKLLT,5) GO TO 883
x(1)sn,n0e

50 TO 883

CONTINUE

CALL SU4L7(F1,FP,SERF,LNGI)
IF(LOGI) 3us,306,307
STLPX=S2 O*STEPX

0 TO 3@4

AlLPy1=s=8TEPX

STEPXsSTUN

CUnNTINVE
x(1)sPAR(I)*STEPX

CaLL FU4LT (NP, X,F2)
IF(IPUSKHB(5),NE,0) GO TC Af1
IFUNSIFUN+]

IF (MRES ) 42,403,402
IMREaIMRE + )
IF(MRES,LT,E) GO TO &f'e
x(l)sl,499

50 YO &RA

CONTINUE

X(i)s=1,499

IF (KK LT,5) 10 TO &33
x(l)sw,C0e

3L TC 8a8s

CUNTINUE

CaLL SUGL?(Fe,FP,SEPR,LOGT)
IF (LOGI) 426,406,407
STEPXEBSTEPXe2, 9

0 TO 4d4

ALFr2aSTERX

-----------------------------THE GOLD&N SECTION SEARCH

aLFLsALPY

aLFRzALP¢
ALP3z(ALPR=aLF1)*«TALIZ « ALP1
ALPU4a (ALPP=4LP1)xTAU4 + AaLP1
L(IVsPAR(T)+ALPY



CALL FUALT(NPyR,ri1)
1F(1PUSHM5).NE.0) Gy YO BRI Wy
K(i)sPAR(I)+ALPR2
CeLl Fual7(nP,X,F2)
JF(IPUSHB(SJ.NE.Q) G TO 811
X(I)sPAR(1)+ALP3
CALL FUQlT(NP,x'FS)
lF(IPUSHBCSJ.NE.E) GO TO 811
A(I)sPAR(I)+ALPA
CALL Fudi7(NP,Xx,F4)
1F (IPUSHB (D) (NE . 0) 0 TO 811
iFUNSIFUN®S

agu COMTINUE
alLglsALPe=ALP]
IF(AL21,LT,0,005) GO TO 422
Cull 30“17(F3.FU.SEF“'LOGI)
[F(LOGI) 421,422,423

4 COHTINUE
[5vC=ISUC+}
“LF13ALP3
F1sF3
alb3=ALPY
F3=sF4
ALPUs(ALPR2=-ALP1)xTAU4 + ALP1
x(1)=PAR(1)+ALP4
CALL FU41T (NP, X, F4)
iF (IPUSHE (SY NE,0) GO TO 811
IFuUnNsTFUK+]
ha T0 428

42t ri T INUE
1SyUcsIsuc+4
ALP4sALP3
Fusk3
JLrezallP4
FesFd
sLPSa(LLPR=ALPl)*TAU3 + ALP1
J(I)sPAR(I)+ALP3
capl. FU4L7 (NP, X,F3)
IF (IPUSHB(S), NE,D) T YO A1
IPLUMNsIFUNS]
50 TO 42@

age COWTINUE
:Lrs (ALPL1+ALP2)*0.5
A(I)sPak(I)+ALP

np R LONTINUE
CALL FUJLT (NP, X,FP)
LF(IPUSHB(5) (NEL,®) GO TC 811
IFUNSIFUN®]
SU(I)s(ALP2=ALP1)*0,5
[F(IPUSH:(4) ,Ew,2) 6D T0 80S
NRITE(LCONY, 1005) l.FM,FP,‘(I),ALPL.ALPR,BU(I)oSERR,IFUN,ISUC.INRE

1195 FORDAT (LY 11507F7.80314)
FEIND LCONW
)8 Cﬁ'.YINUE

cALL SU41T7(F®,FM,SERP,LUGT)
[F(LOGLY £3@,431,431

43y car(I)sx(l)
cu TO 301
€31 FPaFM

X(I)sPAak(1)
61 Cw TINGE
c
1102 FLAMAT(® UPTINTZATION ENDEL WITHE®)
oll Co T IRUE
w2 ITL (LPRIN,1122) .
Ll LTE(LPRIN,1101) FP, (PAR(T), I=21,NP)



REWINL LFKLIN
NFUN®BIFUN
Fva_sFP
IFCLFUSHB(Q) JMNELB) GO TO 810
Rt TUFN
E*i0)



C HYBRID ESTIMATION OF ONE EQUATION ECONOMETRIC MODELS
c SUBROUTINE FOR DETERMINATION OF SUCCESS OR FAILURE
C

c MICHIEL DE BRUIJN, RC, TH DELFY

o JERZY SYLWESTROWICZ

c

c 16=0CT=72, FILE SYLSUC,FOR

c

c FN=

c FPs

c SERs=

c L.OGIs

c

..-----o---------.-.-------.----—----.Q-..--..-.----.--.-----.-..--.--.-..-pu
SUsHOUTINE SU017(FN,FP,SER,LOGI)
FL:FP-a.JtSER
FHaFP el 0nSER
IFitNaFL)1s2s2

1 LCulse=]
RETURN
2 IF(FNwFH) 3,3,4
4 LGC6lsl
RETUFIY
3 LOGI=u
RETURN
EN



C--~--—--------------.-------w-----o.--.--.-...-.’.----O-.---..-0--10---31:!.1

C HYRRID ESTIMATION OF ONE EQUATION ECONOMETRIC MODELS
C SUBROUTINE FOR RANDOM NUMBER GENERATIGN
c

6% MICHIEL DE BRUIJN, RC, TH DELFT

c JERZY SYLWESTROWICZ

o

C 16=0CT=79, FILE SYLRAN,FOR

&

6 Nz

€ Xs

C

-.----.-------.-----..-.O.-.--.---...-----.-..---..-..-.--..---..--...----..I

SUGKOUTINE RN4LIT (N, X)
NIMENSION X (14)
DIMENSION ENDO(3D),EX01(30),EX02(30),EX03(302),SEN(32)
DIMENSION NPAX(1?)
coMmMON ENDO,EX01,EX02,EXO3,SEN
cononN NPAX,MRES,I1,J3,NSTAR,NFIN
DO 2 Ksl,N
ans,0
NU 1 I=si,le
XRsxAN(I1,J1)

{ 552538 «XR
X(k)=55=6,0

2 CONTINUE
XN8 ¥
DQ 3 I=1,N

3 oxhskN o+ X(I)wxg
YhESERT (XN)
UG 4 1s1,N

4 x(i)y=sx(I)/Xi
FETURN
ENU



29
, -----—--.----------.-.---------------..----..-.'..-.------......--...-...-..
HYBRID ESTIMATION OF ONE EQUATION ECONOMETRIC MODELS
PARALLEL PROGRAM

MICHIEL DE BRUIJN, RC, TH DELFT
JERZY SYLWESTROWICZ, KH, TILBURG

19«UCT=79, FILE SYLECO,SKC
S R N N mereesTeTeeeeETewewe e TeoneYeoENe " eoreeeeRTeStewve@dedePaeSroeeeseeeleePee
Au‘:suH(IN=5m3PtAu4 « CN31%xA2S ¢ C032%ADP6 + CO10);
;---..---------------------------------EXOGENOUS V‘RIABLES

AoazINT(IN3CA33I%ALL) )

AuSsINT (INaCOA34xAD2) )

AUesINT (INSCP3S%AR3);
;--------—----.-.-----.----—---------.-DATA RECDNSTRUCT!ON

AUlsSUM(INBeSLEI*A04 ¢ CO30 + CA3TwAW7)s

piesSUM(INE=SQ2%AQS + Cydd + C0O41+AQT7)

A3z SUN(INe=SEInADA ¢ Ch42 ¢ CO43%ABT))

AU T=SUM(INSL 0 + S20);
}--—---------------—---—----—--.-----GCSAMPLE AND PL‘Y'B‘CK CONTRDL
lL11=CCM(AsLKR]1,PaS=0,BEX=A)}

sFFP(AsL]1,BEsBIRO0,3ET2A,CLReB) ¢
Ter sl 107
BUROEL1Q;
UPUsL11;
L12=CONM(AsSRUN,BEX=2A);
l‘i/";"‘:l.la;
L1l:FfP(A:Lll,SET:A,CLW:A);
HUR 32l 135

we we W wa we We We Ve

jemmmeee-cememseseccsscacesessmasseseesAlLlL SWITCHES CLOSED FOR je=i CONNECTION
Sit'i'=Likly?
Su1=LRY;
Steslil; ¥
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