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Preface

The aim of the IIASA Modeling Health Care Systems Task
is to build a National Health Care System model and apply it
in collaboration with national research centers as an aid to
Health Service planners. The modeling work is proceeding
along the lines proposed in earlier papers by Venedictov and
Shigan [1] among others. It involves the construction of
linked sub-models dealing with population, disease prevalence,
resource need, resource supply and resource allocation.

A preliminary version of the resource allocation sub-model
has already been built. It has been called DRAM Mark 1 and has
been described in previous papers--Gibbs [2] and Gibbs [3].

(DRAM is an acronym for Disaggregated Resource Allocation Model.)
This paper provides a user's guide to the computer programs that
have been written for DRAM Mark 1. It should be read in conjunc-
tion with the description of the model given in Gibbs [3]. This
guide provides all the information needed for the reader to be
able to install and run the computer programs and use the sub-
model, DRAM Mark 1, on its own. '

- Recent publications of the Modeling Health Care Systems
Task are listed on the back pages of this Paper. By consulting
them the reader will be able to learn how DRAM can be used in
conjunction with the other sub-models of the Task.

Evgenii N. Shigan
Task Leader
April 1978
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Abstract -

The functions of the different files used in running
DRAM Mark 1 are described. The definitions of the variables
used in the programs are listed in a dictionary. Flow diagrams
and listings of the programs are displayed. Some guidance is
given on suitable values for the input data. Input and output
for some illustrative runs of the programs are displayed. Fi-
nally a description is given of the error messages that can be
encountered and appropriate remedial action is presented.
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1. PURPOSE AND LAYOUT OF THE PAPER

This paper has been written for the reader who wishes to
learn how to use the computer programs for the Mark 1 wversion
of the resource allocation sub-model of the IIASA National
Health Care System (HCS) Model. The sub-model is called DRAM
(disaggregated resource allocation model). BAn earlier paper,
Gibbs [2], described the function of DRAM within the IIASA HCS
model. Another paper, Gibbs [3], describes the formulation, solu-
tion and parameter estimation procedure for DRAM and displays some
illustrative model runs. It will be assumed here that the reader
is familiar with at least the second paper, Gibbs [3].

The function of the model DRAM is to simulate the alloca-
tion of an HCS resource whose availability is limited. For
example it can be used to simulate the allocation by the HCS
of a limited number, B, of bed-days between admission rates and
lengths of stay for a number of patient categories. The model
contains parameters describing ideal admission rates and lengths
of stay and power factors of the corresponding terms of the HCS
utility function. 1In Gibbs [3] three possible data situations
were envisaged:

- Case 1: exogenous estimates available for all
parameters.

- (Case 2: no exogenous estimates available for the
parameters—--parameters to be estimated endogenously
from data on past allocations and elasticities of
past allocations with respect to bed supply.

- Case 3: exogenous data available for ideal admission
rates and lengths of stay but power factors to be esti-

mated endogenously from data on elasticities of past
allocations.

This paper describes the files for computer programs, and
the input and output data that have been designed for each of
these three cases. The organisation of the files is described
in Section 2. A dictionary of the Fortran variables is given in
Section 3. Section 4 provides flow diagrams and listings of the
main programs for each of the three cases. Section 5 describes
the subroutines, which are common to all three cases. Section
6 describes suitable values and restrictions on the input data.
Section 7 lists input and output files for an illustrative model
run for Case 1. Sections 8 and 9 provide input/output listings
for Cases 2 and 3. Finally Section 10 describes the error mes-
sages that can be encountered and the appropriate remedies.



.2. ORGANISATION OF FILES

The following files are used in running the model DRAM:
- Main Fortran program,

- Fortran subroutines 'EF' and 'STEP',

Input files 'AUXPA' and 'INIDA' and
= Output files 'OUTPUT' and 'CALCNS'.

The use of these files is described below in terms of operation
on the PDP-11 computer at IIASA, taking advantage of the UNIX
operating system. However it should be possible to run the pro-
grams with little alteration on any computer with a Fortran IV
compiler. '

MAIN PROGRAM

There is a different main program for each of the three cases

envisaged in Gibbs [3]. The main program reads auxiliary input
data from file 'AUXPA' (unit 5) and main input data from file
'INIDA' (unit 7). It then writes the input data (and computed

column totals) to the terminal (unit 6) and to the main output
file 'OUTPUT'. It checks the main input data; if any errors are
detected the appropriate error messages are written in the ter-
minal, as described in Section 10, and the program stops. The
program then computes values of the model parameters (for Cases
2 and 3) and then performs a simulation of resource allocation
in which the final outputs are computed. 1In each of these com-
putations--parameter estimation and simulation--the iterative
Newton-Raphson procedure is used to solve the equation f()) = 0;
for each iteration the subroutines 'EF' and 'STEP' are called
and their results written to the auxiliary output file 'CALCNS'.
The Newton-Raphson procedure is terminated when the computed
value of £()\) is within a specified criterion of zero; at this
point a message is written to the terminal and to the file
'OUTPUT'. 1If errors are encountered or the number of iterations
exceeds the maximum specified in the file 'AUXPA' a message is
written to the terminal and the program stops. Finally the final
computed parameter values and final output results of the simu-
lation are written to the file 'OUTPUT'.

SUBROUTINES

The subroutines 'EF' and 'STEP' are identical for each of
the three cases. They are called for each iteration of the



Newton-Raphson procedure. The main purpose of 'EF' is to eval-
uate the function £(A) for a given value of A. 'STEP' then
evaluates the derivative £°(A) and computes a new value for 2
as follows:

Mgy = A= EOIESIY (1)

where At is the value of ) at iteration t.

For reasons given in Gibbs [3] we are searching for a value
of A greater than unity and the Newton-Raphson procedure can
only be guaranteed to converge if the value of )\ at each itera-
tion is also greater than unity. Let us now consider the case
where, at iteration t, f(At)/f’(At) > Ay_q+ In this case the

application of (1) would lead to a value of A less than unity.

t+1
Accordingly, for these cases only, the new value of )\ is computed
as follows:

hpgy = Gy # B . (2)

FILE 'AUXPA'

The contents of this file are listed in full in a separate
section of the dictionary given in the next section. They con-
sist of auxiliary input data which would not normally need to
be altered during a new series of model runs:

- unit numbers for files 'OUTPUT' and 'CALCNS',

- iteration maximum,

- criteria for checking main input data and for convergence
of Newton-Raphson procedure,

- initial values for X and (Cases 2 and 3 only) C and the
value of B.

Suitable values for these data are suggested in Section 6.

FILE 'INIDA'

This contains the main input data for a model run. It
includes, for each category:

- the name of the patient category,
- values for admission rate and length of stay--ideal

values for Cases 1 and 3, observed mean regional values
for Case 2, and



- elasticities for admission rate and length of stay for
Cases 2 and 3, values of the o, and Bi parameters for

Case 1.

It also contains the corresponding total admission rate (all
categories) and the average length of stay (all categories,
weighted by admission rate) to serve as checks on the category-
specific data on admission rate and length of stay. Finally it
contains the value of B, the supply of bed-days whose allocation
is to be simulated, and a name for the model run.

FILE 'OUTPUT'

This is the main output file created by a run of the model.
It contains:

a list of the input data,
=~ information about each completed Newton-Raphson procedure,
- final computed parameter values (Cases 2 and 3),

- final simulation results--for each category the values
of the X0 the u; s and their product (bed-days used by

category) both in absolute terms and as fractions of
the corresponding ideal values, and the corresponding
figures for all categories.

FILE 'CALCNS'

This is the auxiliary output file created by a run of .
the model. It contains the values of the quantities computed
in each execution of the subroutines 'EF' and 'STEP' and, for
Cases 2 and 3, the values of parameters computed for each iter-
ation of the parameter estimation procedure. This information
will usually be of interest only in situations where the user
suspects that the program is not working normally, e.g. when
the parameter estimation procedure fails to converge.



3.

DICTIONARY OF VARIABLES ﬁSED IN MAIN PROGRAMS

MAIN MODEL PARAMETERS AND VARIABLES USED IN MAIN PROGRAMS

Symbol Fiéi;?n Description

Subscript

« 4 3 Patient category

Main Parameters and Variables

Xi XBIG[I] Ideal admission rate for Input data in

category i Cases 1 and 3.
Computed

Ui UBIG[I] Ideal average length of parameters
stay for category i in Case 2.

ai ALPHA[I] Power factor for patient Input data
numbers in Case 1.

Computed

Bi BETA[I] Power factor for length parameters in
of stay Cases 2 and 3.

?i GAMHAT[I] Elasticity of admission
rate for category i with
respect to aggregate bed
supply Input data,

- used in

ny ETAHATI([I] Elasticity of length of Cases 2 and 3.
stay for category i with
respect to aggregate bed
supply

§i XBAR[I] Observed admission rate
for category i Input data,

_ used in

u, UBAR[I] Observed mean length of Case 2 only.
stay for category i

B BAVAIL Number of bed-days available for

occupation



AlI] Factor weighting patient numbers
relative to length of stay*

XVAR[I] Computed admission rate for category i

UVARI[I] Computed average length of stay for
category i

ZLAMDA The Lagrange Multiplier

AUXILIARY PARAMETERS FOR MAIN PROGRAM

Fortran : X
Name Description
Read from File 'AUXPA'
IPRINT Identifier of intermediate calculations file
'CALCNS'
KPRINT Identifier of output file 'QUTPUT'
ITMAX Maximum permitted number of iterations for the
Newton-Raphson procedure
IR Number of patient categories
CTEST Criterion for testing accuracy of input data on
admission rates and length of stay in file 'INIDA'
CRIT Criterion for convergence in solving £(1) =0
by the Newton-Raphson procedure
ZLAMDA Starting value of the Lagrange Multiplier (X))
BCALIB Bed supply for which input data is
strictly valid (= B) Not
required
CRITAL Criterion for convergence in param-$% for
eter estimation process DRAM
Case 1.

Starting value for ratio -B/Af”(})

*For reasons given in Gibbs [3], a; = Ui in the current version

of DRAM and this value is assigned in the main program. As
explained in Gibbs [3], it is hoped to develop the model further
to represent the allocation of more than one resource in which
case a different value will need to be assigned to a; .



Read from File 'INIDA' ('INIDA' also Contains

Input Data as Described on Page 5)

RUNAME
XTOTA

UBARA

CATEGI[I,J]

Label for model run (4 alphameric characters)
Column total for input data on admission rates

Column total for input data on length of stay
weighted by input data on admission rates

Part j of label for patient category i (4 alpha-
meric characters); complete label is CATEG[I,1],
CATEG[I,2], CATEG{I,3] (12 alphameric characters)

AUXILIARY QUANTITIES COMPUTED IN MAIN PROGRAM

Fortran i g
Name Description

AMOTOL Absolute value of TOL

BFR[I] Computed bed-days used by patients in category
i, BVAR[I], as fraction of BNEED[I]

BNEED([I] Bed-days needed for patients in category i at
ideal admission rate and ideal length of stay
(= X,U.)

o S

BNEEDT Total bed-days needed for patients in all cate-
gories at ideal admission rates and ideal lengths
of stay (= E X,U.)

BTEMP Temporary storage of the value of BAVAIL

BVAR[I] Computed bed-days used by patients in category
i (= x,u,) ' L

14 *,

BVART Computed total bed-days used--all categories

(= %X.U.)
1 i

IERR Error count

IHAT Iteration count, for parameter estimation process
in Cases 2 and 3

ITER Iteration count for Newton-Raphson procedure

KERR ; Error count

PWR Power factor (= —Bi/(Bi+1))

Ratio of bed-days available, BAVAIL, to BNEEDT



SCALE

TESTU

TESTX

TEU
TEX

UBARB

UFR[I]

UVART

XFR[I]

XTOTB

XVART

Quantity used for scaling value of C in second
and subsequent iterations of parameter estimation

process for Case 3 (= g XU (¥, + 1))
Quantity used to scale input elasticity data for
Case 2 (= B/§ %, 0 ¢y +1y)

Percentage difference between computed and input
values for the weighted column totals of the
input data on length of stay

Percentage difference between computed and input
values for the weighted column totals of the
input data on admission rates

Absolute value of TESTU

Absolute value of TESTX

Computed value for weighted column total of
input data on length of stay

Computed length of stay of patients in category

i, UVARI[I]), as fraction of ideal, UBIG[I] (= ui/Ui)
Overall computed average length of stay--all
categories (= ) x.u, g 2.2,)

i i/ 574

Computed number of patients in category i admitted
to hospital, XVAR[I], as fraction of total number
of individuals in category i, XBIG[I] (= xi/Xi)

Computed value for the column total of input
data on admission rates -

Overall computed admission rate--all categories
(=} x.)

¥ 1

i




4. MAIN PROGRAMS--FLOW DIAGRAMS AND LISTINGS

In this section flow diagrams and listings are given for
the main programs for each of the three cases. The programs
for Cases 2 and 3 have a common flow diagram.



)

. READ INPUT FILES:
'AUXPA' & '"INIDA'

WRITE INPUT FILES:
'AUXPA' & 'INIDA' TO
FILE 'OUTPUT'
AND TERMINAL

INPUT DATA:
ARE MAIN INPUT

ITER = ITER + 1

[ECK
NUMBER OF
ITERATIONS: IS
TER > ITMAX

SUBROUTINE
STEP

TO TERMINAL
\

WRITE CURRENT VALUES
FOR ITER, TOL, ZLAMDA,
BAVAIL TO FILE 'OUTPUT'

AND TERMINAL

Y

CALCULATE OUTPUT VALUES:
BVART, XVART, UVART,
BVAR[I], xvar[1], uvar[1],
BFR[1], XFR[1], UFR[I]

WRITE MESSAGE
TO TERMINAL

/ \WRITE OUTPUT TO FILE 'OUTPUT'/

Main Program for Case 1%

WRITE ERROR MESSAGE S
TO TERMINAL

NO \ WRITE ERROR MESSAGE
{

STOP

WRITE ERROR MESSAGE
TO TERMINAL

*For definitions of wvariables and parameters used in the diagram

see Section 3.



e

START

READ INPUT FILES /

*AUXPA' AND 'INIDA'

Y

COMPUTE AUXILIARY DUANTITIES

v

\HUTE INPUT DATA TO TERMINAL AND FILE 'OU‘I'PUT'7

NO \ WRITE ERROR MESSAGES
o \ TO TERMINAL :

INITIALISE PARAMETER ESTIMATION QUANTITIES:
IHAT = 0, BTEMP = BCALIB, BAVAIL = BCALIB

NEXT PARAMETER ITERATION: .
IHAT = IHAT + 1 o . P —4—@
COMPUTE PARAMETERS

Y

\ WRITE PARAMETER VALUES TO FILE 'CALCNS' ]

WRITE NEGATIVE PARAMETERS STOP
TO TERMINAL

EVALUATE FLAMDA, AMOTOL & TOL:
SUBROUTINE 'EF‘'

Main Program for Cases 2 and 3



w19

PARAMETER ESTIMATION COMPLETE,
START SIMULATION:
‘IHAT = 0, BAVAIL = BTEMP

CONVERGENCE
OF PARAMETER

ESTIMATION: IS
AMOTOL < CRITAL

NEXT NEWTON-RAPHSON ITERATION:
ITER = ITER + 1

e

EVALUATE FLAMDA, AMOTOL & TOL:
SUBROUTINE 'EF’
4

. ves

EVALUATE NEW ZLAMDA:
SUBROUTINE ‘'STEP'

A A

EWTON-RAPHSON
ITERATIONS: IS
ITER < ITMAX
?

WRITE MESSAGE
TO TERMINAL

WRITE ITER, IHAT, TOL, ZLAMDA TO
TERMINAL AND FILE °‘CALCNS'

ESTIMATION MODE.,
PARAMETER ESTIMATIONS:
IS IHAT < ITMAX
?

1S IN SIMULATION
MODE: IS
JHAT = 0

SIMULATION COMPLETE: YES

COMPUTE ADDITIONAL OUTPUT QUANTITIES

A\

\W‘RITE OUTPUT TO FILE 'OUTPE'/

Main Program for Cases 2 and 3 (continued)
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MATIN PROGRAM FOR CASE 1

& this is the main programme for the model 'dram' case 1.
& it simulates the allocation of health care resources
& using data on power parameters and ideal allocations.

c it uses 2 subroutines 'ef.f' and 'step.f' iteratively to solve
¢ the equation flamda = @ , using the newton-raphson procedure,
e, to within a criterion, crit.

dimension xfr (20) ,ufr (26),bfr(20),categ(20,3)

common /cbl/ a(2@)

common /cb2/ alpha(28),beta(28)

common /cb3/ xbig(2@),ubig(20)

common /cb4/ q(20),d(29)

common /cb5/ xvar (28) ,uvar (20) ,bvar (28)
common /cb6/ bneed (28)

c read auxiliary parameters from file 5 = 'auxpa'.

read(5,29) iprint,kprint,itmax,ir,crit,zlamda,ctest
c write(6,20)iprint,kprint,itmax,ir,crit,zlamda,ctest
e read input data from file 7 = 'inida'.

read(7,21) runame,xtota, ubara,bavail,
-((categ(i,]),Jj=1,3),xbig(i) ,ubig(i),
-alpha (i) ,beta(i),i=1,1ir)

€ write(6,21)runame,xtota,ubara,bavail, :
c -((categ(i,j),Jj=1,3) ,xbig(i),ubig(i) ,alpha(i),

¢ write input data and auxiliary parameters
e to file 6 (= terminal' ) and file kprint (= 'output' )

write(6,141) runame,iprint,kprint,itmax,ir,crit,zlamda,ctest
write(6,3@) runame, (i, (categ(i,j),j=1,3),xbig(i),
~ubig(i),alpha(i),beta(i),i=1,ir)

write(6,146) xtota,ubara,bavail

write(6,142)

write (kprint,l4l)runame,iprint,kprint,itmax,ir,crit,zlamda,ctest
write(kprint,38) runame, (i, (categ(i,j),j=1,3),xbig(i),
-ubig(i),alpha(i),beta(i),i=1,ir)

write(kprint,1408) xtota,ubara,bavail

write (kprint,142)

o auxiliary quantities

bneedt=.0
ubarb=.0
Xxtotb=.8

do 79 i=1,ir
xtotb=xtotb+xbig (i)



] s

pneed (i)=xbig (i) *ubig (i)
bneedt=bneedt+bneed (i)
a(i)=ubig(i)
78 continue
ubarb=bneedt/xtotb
r=bavail /bneedt

e 3 checks of internal consistency of data in file 'inida'.
c programme stops if any answer is 'yes'.

c check 1- is any power parameter non-positive

kerr=0

do 71 i=1,ir

ierr=g

if(alpha(i).le.0.0)ierr=ierr+l

if(beta(i).le.f.0@)ierr=ierr+l

kerr=kerr+ierr

if (ierr.gt.@)write(6,22)ierr,i
71 continue

if (kerr.gt.@)stop

2 check 2- is r non-positive or greater than unity.

if(r) 132,132,133
132 write(6,23) ¢

stop
133 2k(x=1.) 134,132,132

c check 3- is either of the computed values xtotb and ubarb
o different from the values xtota and ubara
c by more tnan ctest percent.

134 testx=((xtota-xtotb)/xtotb)*180.
testu=( (ubara-ubarb) /ubarb) *10@.
tex=abs (testx)
teu=abs (testu)
kerr=0
if (tex.gt.ctest)kerr=1
if (teu.gt.ctest)kerr=kerr+l
if(kerr)135,135,136

136 write(6,24)kerr
stop

e initialise iteration count, iter

135 iter=1

cl compute flamda and, for all i, xvar(i), uvar(i), d(i),and q(i).

139 call ef(zlamda,bavail,ir,iter,itmax,flamda,tol,amotol
-,iprint)



)

convergence test for newton-raphson procedure.
if test suceeds go to c3

if test fails proceed to next iteration at c2 unless iterations
exceed maximum in which case stop.

0 aan

if (amotol-crit) 137,138,138

if(iter-itmax)138,138,131
131 write(6,157)

stop

c2 compute fdash and new lamda and return to cl

138 call step (zlamda,flamda,ir,iter,fdash,iprint)
iter=iter+l
go to 139

c3 write information on final iteration to file 6 (=terminal)
e and kprint (=output)

137 write(kprint,126) iter,tol,zlamda,bavail
write(6,126)iter,tol,zlamda,bavail

C compute additional output guantities

bvart=0.48

Xxvart=¢.0

do 88 i=1,ir
xfr(i)=xvar (i) /xbig (1)
ufr (i)=uvar (i) /ubig (i)
bfr(i)=xfr (i) *ufr (i)
bvart=bvart+bvar (i)
Xvart=xvart+xvar (i)

80 continue
uvart=bvart/xvart
xvartf=xvart/xtotb
uvartf=uvart/ubarb
bvartf=bvart/bneedt

C write output
write(kprint,29) runame
write(kprint,Z?)(i,(categ(i,j),j=1,3),xvar(i),xfr(i),

-uvar (i) ,ufr (i) ,bvar (i)

write (kprint,28) xvart,xvartf,uvart,uvartf,bvart,bvartf
20 format(////4il16///////3£12.1)
21 format(////1x,a4,8%,3£9.8//////(1%x,3a4,4£9.9))

22 format(lx,il,"' negative values for power parameter for',
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-i2,' type of patient')

23 format (! ratio beds available : beds needed = ',£f12.2/

-' no allocation problem !')

24 format(lx,il,' errors in xbig, ubig data')

27 format(//6x,'patient',12x,'actually’',9x,'actual aver.',9x,
-'beddays'/6x, 'category',11x, 'treated’',10x,'length of stay',7x,
-'actually used'/21x,"'(number/fract.)"',5x, "' (number/fract.)’',
-6x, "' (number/fract.)'//206(1x,1i2,1x,3a4,5x,£7.1,'/',£7.4,5%,£7.3,
-/, £7.4,6%,£7.1,"/",£7.4//))

28 format(/' all categories',5x,f8.1,'/',£7.4,5x
—'f7-3"/l’f704’5x,f8-1"/|'f7|4/)

29 format(lhl,15x,'simulation results',6x,'for run ',a4//)

30 format(//126('*')/20x,'file =inida= for run ',a4
-//' patient category',6x,'total sick',
-5x,'ideal length of stay',3x,'alpha',5x,'beta'/
-23x,'xbig(i)*,11x,'ubig(i)',11x, 'alpha(i)‘*,3x,'beta(i)'//
-(20(1x,12,1%x,3a4,5%,£7:1,12%,£7.3,12x,£7.,4,3%x,£7.4//))}))

126 format(//2x,'no. iteration',2x,'tolerance',2x,'lambda’,
~2x, 'bpeddays avail',/,6x,i3,8x,e9.2,1x,£7.3,1x,£7.1)

140 format(1l3x,'total= ',f8.1,5x,'mean= ',
-£3.3,7x, 'bed-days available=',£7.1/126("'*"'))

141 format(////126('*')/28x,'file=auxpa= for run ',ad4//

' identifiers for files max no. of no.of pat.',4x,
-'newton-raphson initial value data'/

-' =calcns= and =outputs= iterations categories',4x,
-'conv. criterion of lambda',8x,'test'/

L iprint* ,7x, "kprint', 7%, "itwax",11x, 1", 122, 'ceit* , 13x,
-'zlamda',9x, 'ctest'//
-6X,11,12%,1i1,10%,13,12%x,12,9%,£9.7,10%,£7.3,6%,£7.1//)

142 format(126('*"'))

157 format(/'number of newton-raphson iterations exceeds maximum')

stop
end
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MAIN PROGRAM FOR CASE 2

Q

Q

aaooan

C

this is the main programme for the model 'dram' mark 1 case 2.
it simulates the allocation of a health care resource
using data on elasticities and current mean allocations.

it uses 2 subroutines 'ef.f' and 'step.f' iteratively to solve
the equation flamda = @ , using the newton-raphson procedure,
to within a given criterion.

dimension xfr(20),ufr(2@),bfr(2ﬂ),categ(20,3),gamhat(2@),
-etahat (20) ,xbar (20) ,ubar (20)

common /cbl/ a(28)

common /cb2/ alpha(20),beta(28)

common /cb3/ xbig(20) ,ubig(20)

common /cb4/ g(208),d4(20)

common /cb5/ xvar (28) ,uvar (28) ,bvar (209)
common /cbé6/ bneed (28)

read auxiliary parameters from file 5 = 'auxpa'.

read(5,20) iprint,kprint,itmax,ir,zlamda,ctest,crit,crital,c,

-bcalib
write(6,20)iprint,kprint,itmax,ir,zlamda,ctest,crit,crital,c,
-bcalib

read input data from file 7 = 'inida'.

read(7,21) runame,xtota, ubara,bavail,
-((categ(i,j),j=1,3),xbar(i),pbar(i),gamhat(i),etahat(i),i=1,ir)

write(6,21)runame,xtota,ubara,bavail, .

—((categ(i,j),j=1,3),xbar(i),ubar(i),gamhat(i),etahat(i),i=1,ir)

calculate auxiliary quantities.

the variables bneed (i) are used here as temporary stores
for tne products xbar (i) *ubar (i) and bneedt for the sum

of .products. later in the program they take the values
of the products xbig(i)*ubig(i).

bneedt=0.0
ubarb=0.0
Xxtotb=0.8
scale=0.0

do 79 i=1,ir
xtotb=xtotb+xbar (i)
bneed (i) =xbar (i) *ubar (i)
scale=scale+(bneed (i) * (gamhat (i) +etahat (i)))
bneedt=bneedt+bneed (i)

78 continue
ubarb=bneedt/xtotb
r=bavail/bneedt

write input data and auxiliary parameters
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e to file 6 (= terminal' ) and file kprint (= 'output' )

write(6,141) runame,iprint,kprint,itmax,ir,zlamda
-,Ctest,crit,crital,c,becalib

write(6,36) runame, (i, (categ(i,j),j=1,3),xbar (i),
-ubar (i) ,gamhat (i) ,etahat (i), i=1,ir)

write(6,144) xtotb,ubarb,bavail

write(6,142)

write(kprint,141)runame,iprint,kpriat,itmax,ir,zlamda,
-ctest,crit,crital,c,bcalib :
write (kprint,30) runame, (i, (categ(i,j),j=1,3),xbar (i),
-ubar (i) ,gamhat (i) ,etahat (i), i=1,1ir)

write(kprint,148) xtotb,ubarb,bavail

write (kprint,142)

¢ scale the elasticity data and write scale to terminal.

scale=bcalib/scale

do 72 i=1,ir

gamhat (i) =scale*gamhat (i)
: etahat (i)=scale*etahat (i)
72 continue

write(6,551)scale

write(kprint,551)scale

c 2 checks of internal consistency of data .
c programme stops if any answer is 'yes'.

o] check 1- are any elasticity data non-positive?
kerr=§
do 71 i=1,ir
ierr=0

if (gamhat(i).le.8.0)ierr=1

if (etahat(i).le.f.@)ierr=ierr+l

kerr=kerr+ierr

if(ierr.gt.f)write(6,22)ierr,i
71 continue

if (kerr.gt.@)stop

c check 2- do either of the computed xtotb and ubarb differ
c from the input xtota and ubara by more than ctest % ?

134 testx=((xtota-xtotb)/xtotb)*100.
testu=( (ubara-ubarb) /ubarb) *1920.
tex=abs (testx)
teu=abs (testu)
kerr=9¢
1f(tex.gt.ctest)kerr=1
if (teu.gt.ctest)kerr=kerr+1
if (kerr)135,135,136

136 write(6,24)kerr
stop
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‘¢ initialise parameter iteration count and set bavail=bcalib.
135 ihat=g

btemp=bavail
bavail=bcalib

ca perform iteration of parameter estimation procedure

508 inat=ihat+1

c calculate parameters®xbig(i), ubig(i), alpha(i), beta(i).
c write to file iprint. stop if any are not positive.
kerr=0
do 582 i=1,ir
ierr=¢

if(ihat~1)543,543,542
542 ¢=(-1l.8*bavail)/(zlamda*fdash)
543 beta(i)=c/etahat(i)-1.8
pwr=-(beta(i)/(beta(i)+1.8))
alpha(i}z((c*beta(i))/((beta(i)+1.ﬂ-zlamda**pwr)*gamhat(i)))—1.@
xbig(i)=xbar(i)*(((beta(i)+1.@)*(zlamda**(—pwr))—1.6)/
—beta(i)}**(l.@/(l.0+alpha(i))) .
ubig(i)=ubar(i)*zlamda**(l.ﬂ/(l.ﬁ+beta(i)))
a(i)=ubig(i)
bneed (i) =xbig (i) *ubig (i)
if(alpha(i).le.@.08)ierr=ierr+l
if(beta(i).le.f.0)ierr=ierr+l
if(xbig(i).le.@.8)ierr=ierr+1
if(ubig(i).le.f.0)ierr=ierr+l
if(ierr)592,5082,591
501 kerr=kerr+l
write(6,553) ierr,i
write(6,552)ihat,i,alpha(i},beta(i),xbig(i),ubig(i)
582 continue
write(iprint,ssz)ihat,(i,alpha(i),beta(i),xbig(i),ubig(i),i=l,ir)
if(kerr.gt.@)stop

G initialise newton-raphson iteration count riter, compute flamda.

iter=¢
if(ihat-1)546,549,539
539 call ef(zlamda,bavail,ir,iter,itmax,flamda,tol,amotol,iprint)

test convergence of parameter estimation . if test succeeds
estimation is complete- commence simulation: set ihat=@, restore
bavail to input value & solve flamda=@ by newto-raphson.

if test fails perform newton-raphson and test again.

Q000

if(amotol—crital)530,53@,54ﬂ
538 ihat=g
bavail=btemp
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cl perform iteration of newton-raphson procedure
(o compute flamda and, for all i, xvar(i),uvar(i),d(i),and q(i)

540 iter=iter+l
call ef(zlamda,bavail,ir,iter,itmax, flamda,tol,amotol,iprint)

o] compute fdash and new lamda
call step(zlamda,flamda,ir,iter,fdash,iprint)

convergence test for newton-raphson procedure.

if test suceeds go to c2.

if test fails proceed to next iteration at cl, unless
iterations exceed maximum in which case stop.

5 0 o il 5 A o

if (amotol-crit) 537,538,538
538 if(iter-itmax)549,549,541
541 write(6,557)

stop

c2 write information on final newton-raphson iteration to f%le 6
c and kprint (=output).if process is in simulation mode ( ihat=8)
e simulation is now completed ; go to c3.

537 write(kprint,126) ihat,iter,tol,zlamda
write(6,126) ihat,iter,tol,zlamda
if(ihat)533,533,532

c if no. of alpha iterations exceeds maximum stop,
¢ if not perform next alpha iteration at ca

532 if(ihat-itmax)506,500,531
531 write(6,554)
stop

c3 compute additional output guantities

533 xvart=0.0
bvart=0.0
Xxtotb=0.8
bneedt=0.0
do 8@ i=1,ir
xfr (i)=xvar (i) /xbig (i)
ufr (i)=uvar (i) /ubig (i)
bfr (i)=xfr (i)*ufr (1)
bvart=bvart+bvar (i)
Xvart=xvart+xvar (i)
xtotb=xtotb+xbig (i)
bneedt=bneedt+xbig (i) *ubig (i)
88 continue
uvart=bvart/xvart
xvartf=xvart/xtotb
ubarb=bneedt/xtotb
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uvartf=uvart/ubarb
bvartf=bvart/bneedt

write output

write(kprint,555) runame, (i, (categ(i,j),j=1,3),
-alpha(i) ,beta(i) ,xbig (i) ,ubig(i),i=1,1ir)
write(kprint,29) runame
write(kprint,27) (i, (categ(i,j),j=1,3) ,xvar(i),xfr (i),
-uvar (i) ,ufr (i) ,bvar (i)
=ubfr (1) pi=] ,41)

write (kprint,28) xvart,xvartf,uvart,uvartf,bvart,bvartf
20 format(////4il16///////5£12.6,£12.3)
21 forwmat(////1x,ad,8x,3£10.5//////(1x,3a4,4£18.7))

22 format(lx,il,"' negative values in elasticity data for ',
-! patient category ',i2) .

24 format(lx,1il,' errors in xbig, ubig data')

27 format(//6x,'patient',12x,'actually',9x,'actual aver.',69x,
-'beddays'/6x, 'category’',11x, 'treated’',10x,'length of stay',7x,
-'actually used'/21lx, "' (number/fract.)',5x, "' (number/fract.)"',
-6x, ' (number/fract.)"'//20(1x,i2,1x,3a4,5x,£7.1,'/',£7.4,5x,£7.3,
=AY LET L AR ET. Y N ETAATY)

28 format(/' all categories',5x,f8.1,'/',f7.4,5x
T T v BBl ) s Y ET RS )

29 format(lhl,15x,'simulation results',6x,'for run ',a4//)

30 format(//126('*')/208x,'file =inida= for run ', a4
-//' patient category',3x,'mean admissions',
-3x, 'mean length of stay',4x,'elasticities'/
-23x,'xbar (i) ',11x,"'ubar (i) ',11x, 'gamhat (i)', 3x,'eta(i)'//
~{20(1x,i2,1%x,3a4,5%,€7:1,12%,57.3,10%,E18.7:4%x,€18.7/7)))

126 format(//' parameter iteration ',i2,' completed with ',i2,

-' newton-raphson iterations'/' tolerance = ',e9.2,'
-t lamda = ',£7.3)

140 format(13x,'total= ',f8.1,5x, " 'mean= ',
-£8.3,7x, 'bed-days available=',f7.1/126("'*"))

141 format(////126('*')/208x,'file=auxpa= for run ',ad//

-' identifiers for files max no. of no.of pat.:Y 4%,
-'initial value'/

-' =calcns= and =output= iterations categories',dx,
-'of lamda'/

-! iprint',7x,'kprint',7x,'itmax',11x,"ir',11x, 'zlamda'//

-GX,il,lzx,il;lﬁX,i3,12X,i2,9x'f7.3///
-5x, 'data',7x, 'newton-raphson',5x, 'aloha',9x, 'arbitrary',5x,
-'calibration'/
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-5x,'test',7x,'conv. criterion',3x,'criterion',6x, 'constant’,
-6x,'bed point'/ :
-5x,'ctest’',8x,"'crit',12x,'crital*,12x,'c',12x, '"bcalib'//
-2x,£106.5,5x,£f16.7,5x,£f16.7,5x,f16.5,5x,£16.2//

=12k {'*Y))

142 format(1lhl)

551 format(/'elasticity data scaled by ',£8.5)

552 format(//126('*')//

-' clculated parameters at iteration ',i2//
-' i',3x,'alpha(i)',12x,'beta(i)"',14x,'xbig(i)"',14x, 'ubig(i)'//
"'(1X,i2,lX,f12.G,Sprlz.5,8X,f12.6,8x,f12-6))

553 format(/i2,' negative values of calculated parameters
- for category ',i2)

554 foma(/'nmbr f pramte tertion exceeds maximum')

555 format(lhl,5x,'calculated parameter values for run ',ad4///
-2x%,"i',4x,'category',7x,'alpha(i)',4x,'beta(i)"',5x,
-txbig (1) ¥, 5%, "ubig (1) YA/
-(lx,iZ,lx,3a4,5x,f7.3,5x,f7.3,5x,f7.3,5x,f7.3//))

557 format(/'number of newton-raphson iterations exceeds aximum')

stop
end
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MAIN PROGRAM FOR CASE 3

c this is the main programme for
it simulates the allocation of
€ using data on elasticities and

Q

the model 'dram' mark 1 case 3.
a health care resource
ideal allocations.

Q

it uses 2 subroutines 'ef.f' and 'step.f' iteratively to solve
the equation flamda = # , using the newton-raphson procedure,
to within a given criterion.

dimension xfr (20) ,ufr (20) ,bfr (20) ,categ(28,3) ,9amhat (29),
-etahat (28)

common /cbl/
common /cb2/
common /cb3/
common /cb4/
common /cb5/
common /cbé/

a(z2g)

alpha(20) ,beta(29)

xbig (29) ,ubig (26)
q(20),d4(20) '

xvar (20) ,uvar (28) ,bvar (26)
bneed (28) ‘

read auxiliary parameters from file 5 = 'auxpa'.

read(5,20) iprint,kprint,itmax,ir,zlamda,ctest,crit,crital,c,
-bcalib

write(G,Zﬁ)iprint,kprint,itmax,ir,zlamda,ctest,crit,crital,c,
-bcalib

read input data from file 7 = 'inida'.

read(7,21) runame,xtota, ubara,bavail,
- ((categ(i,j),j=1,3) ,xbig(i),ubig(i),gamhat (i) ,etahat(i),i=1,ir)
write (6,21)runame,xtota,ubara,bavail, _
-((categ(i,j),j=1,3) ,xbig(i),ubig(i),gamhat(i),etahat(i),i=1,ir)

calculate auxiliary quantities.

bneedt=6.0
ubarb=0.0
xtotb=06.0

do 70 i=1,ir
xtotb=xtotb+xbig (i)
bneed (i)=xbig (i) *ubig (i)
bneedt=bneedt+bneed (i)
beta(i)=c/etahat(i)-1.0
a(i)=ubig(i)

78 continue
ubarb=bneedt/xtotb
r=bavail/bneedt

write input data and auxiliary parameters
to file 6 (= terminal' ) and file kprint (= ‘output' )

write(6,141) runame,iprint,kprint,itmax,ir,zlamda
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-

~-,ctest,crit,crital,c,bcalib

write(6,30) runame, (i, (categ(i,j),3j=1,3),xbig(i),
-ubig (i) ,gamhat (i) ,etahat(i),i=1,1ir)

write(6,149) xtotb,ubarb,bavail

write(6,142)

write(kprint,l41}runame,iprint,kprint,itmax,ir,zlamda,
-ctest,crit;,;crital,c,bcalib

write(kprint,30) runame, (i, (categ(i,j),j=1,3) ,xbig(i),
-ubig (i) ,gamhat (i) ,etahat(i),i=1,1ir)

write (kprint,140) xtotb,ubarb,bavail

write(kprint,142)

3 checks of internal consistency of data .
programme stops if any answer is 'yes'.

check 1- are any elasticity data non-positive?

kerr=0

do 71 i=1,ir

ierr=¢

if (gamhat (i) .le.9.0)ierr=1

if (etahat(i).le.f.0)ierr=ierr+l

kerr=kerr+ierr

if (ierr.gt.@)write(6,22)ierr,i
71 continue

if (kerr.gt.9)stop

check 2- is r non-positive or greater than unity ?

1E{r) 132,;132,133
132 write(6,23) r

stop
133 if(r~1.} 134,132,132

check 3- do either of the computed xtotb and ubarb differ
from the input xtota and ubara by more than ctest % ?

134 testx=((xtota-xtotb)/xtotb)*180.
testu=( (ubara-ubarb) /ubarb) *180.
tex=abs(testx)
teu=abs (testu)
kerr=0
if (tex.gt.ctest)kerr=1
if(teu.gt.ctest)kerr=kerr+l
if(kerr)135,135,136

136 write(6,24)kerr
stop

initialise parameter iteration count and set bavail=bcalib.

135 ihat=8
btemp=bavail
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bavail=bcalib
ca perform iteration of parameter estimation procedure

529 ihat=ihat+1l

e calculate parameters alpha(i) and beta(i) and write them to
¢ file inprint and stop if any are not positive.
red=0.9

do 544 i=1,ir
red=red+(xvar (i) *uvar (i) * (gamhat (i) +etahat (i)))

544 continue
kerr=0
do 5@2 i=1,ir
ierr=g
if(inat~-1)543,543,542

542 c=(-1.0*red)/(zlamda*fdash)

543 beta(i)=c/etahat(i)-1.9
pwr=-(beta(i)/(beta(i)+1.9))
alpha(i)=((c*beta(i))/((beta(i)+l.ﬂ—zlamda**pwr)*gamhat(i)))—l.@
if (beta(i).le.d.0)ierr=ierr+1
if(alpha(i).le.8.8)ierr=ierr+1
if (ierr)502,5082,501

501 kerr=kerr+ierrr
write (6,553) i,alpha(i),beta(i)

52 continue
write (iprint,552) ihat, (i,alpha(i),beta(i),i=1,ir)
if (kerr.gt.@)stop

= initialise newton-raphson iteration count ,iter, compute flamda.

iter=g
1f(ihat-1)540,546,539
539 call ef(zlamda,bavail,ir,iter,itmax,flamda,tol,amotol,iprint)

test convergence of parameter estimation. if test succeeds
estimation is complete- commence simulation: set ihat=0, restore
bavail to input value & solve flamda=9 by newton-raphson.

if test fails perform newton-raphson and test again.

O a0a0a0

if(amotol-crital)530,530,540
538 ihat=p -
bavail=btemp

¢l perform iteration of newton-raphson procedure
& compute flamda and, for all i, xvar(i),uvar(i),d(i),and q(i)

549 iter=iter+1
call ef(zlamda,bavail,ir,iter,itmax,flamda,tol,amotol,iprint)

C compute fdash and new lamda

call step(zlamda,flamda,ir,iter,fdash,iprint)
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convergence test for newton-raphson procedure.

if test suceeds go to c2.

if test fails proceed to next iteration at cl, unless
iterations exceed maximum in which case stop.

Q00

if (amotol-crit) 537,538,538
538 if(iter-itmax)540,540,541
541 write(6,557)

stop

c2 write information on final newton-raphson iteration to file 6
c and kprint. if process is in simulation mode ( ihat=g)
c simulation is now completed ; go to c3.

537 write(kprint,126) ihat,iter,tol,zlamda
write(6,126) ihat,iter,tol,zlamda
if (ihat) 533,533,532

e if no. of alpha iterations exceeds maximum stop,
£ if not perform next alpha iteration at ca

532 if(ihat-itmax)5@6,500,531
531 write(6,554)
stop

c3 compute additional output gquantities

533 xvart=0.0

bvart=0.0

do 80 i=1,ir
xfr (i)=xvar (i) /xbig (i)
ufr(i)=uvar (i) /ubig (i)
bfr(i)=xfr (i) *ufr(i)
bvart=bvart+bvar (i)
Xvart=xvart+xvar (i)

88 continue
uvart=bvart/xvart
xvartf=xvart/xtotb
uvartf=uvart/ubarb
bvartf=pbvart/bneedt

C write output

write (kprint,555) runame, (i, (categ(i,j),j=1,3),
-alpha(i),beta(i),i=1,ir)

write (kprint,29) runame

write (kprint,27) (i, (categ(i,j),j=1,3) ,xvar (i),xfr (i),
-uvar (i) ,ufr (i) ,bvar (i)

-,bfr (i) ,i=1,1ir)

write (kprint,28) xvart,xvartf,uvart,uvartf,bvart,bvartf
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280 format(////4i19///////5£12.6,£12.3)

21 format(////1x,ad,8x,3£9.2//////(1x,3a4,4£9.3))

22 format(lx,il,' negative values in elasticity data for ',
-' patient category ',1i2)

23 format(' ratio beds available : beds needed = ',£12.2/
-' no allocation problem !')

24 format(lx,il,"' errors in xbig, ubig data')

27 format(//6x,'patient',12x,'actually"',9x,'actual aver.',9x,
-'beddays'/6x,'category',11x,'treated’,10x,'length of stay',7x,
-'actually used'/21x, "' (number/fract.)',5x, ' (number/fract.)’',
-6x, "' (number/fract.)'//20(1x,i2,1x,3a4,5x,£7.1,"'/"',£7.4,5x,£7.3,
LR AN . B O - B L L o W DA

28 format(/' all categories',5x,£8.1,'/',£7.4,5x
—'f7|3'|/|ff7u4'5xff8-1"/l'f7l4/)

29 format(lhl,15x,'simulation results',6x,'for run ',ad//)

3¢ format(//126('*"')/20x,'file =inida= for run ',ad
-//' patient category',6x,'total sick’,
-5x,'ideal length of stay',4x,'elasticities'/
-23x,'xbig(i)"',11x,'ubig(i)',11x,'gamhat(i)',3x,'eta(i)"'//
- {20(1%x,12,1x,3a8,5x%,£7.1,12%,07.3,12%; E7.4,3%,€7:4//)))

126 format(//' parameter iteration ',i2,' completed with ',i2,' newt',
-'on-raphson iterations'/' tolerance = ',e9.2,' lamda = ',£7.3)

149 format(l3x,'total= ',f8.1,5%x, 'mean= ‘',
-£f8.3,7x, 'bed-days available="',£f7.1/126('*"'))

141 format(////126('*')/208x, 'file=auxpa= for run ',ad//

-' identifiers for files max no. of no.of pat.',4x,
-'initial value'/
-' =calcns= and =output= iterations categories',dx,

-'of lamda'/

- iprint',7x,"kprint',7x, " itmax’ ,11x,"%ir',11x, 'zlamda’//

0%, 1), 12%,41,10%,18,12%,12,9%,57.3///

-5x,'data',7x, 'newton-raphson',5x, 'alpha',9x, 'arbitrary’',5x,
-'calibration'/

-5x,'test',7x,'conv. criterion',3x,'criterion',6x,'constant’',
-6x, 'bed point'/
~-5%,"ctest!,8x;"'crit',12x,'crital’,12x,'c*,12%, " "'becalib'//
-2%,;£106.5,5%,£108.7,5%,;f10,7,5%,£10.5,5%,£18.2//

~ X126 ** ] )

142 format(lhl)
552 format(//126('*')//' parameter iteration number ',i2//

' i cacuatd aphai) calculated beta(i)'//
-(1%,;12,2%,;£12.6,2%x;£12.6))}
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553 format(/' negative calculated parameter for category ',i2/
-'alpha(i)= ',£f12.6,'  Dbeta(i)= ',£12.6)

554 format(/'number of parameter iterations exceeds maximum')

555 format(lhl,5x,'calculated parameter values for run ',ad4///
-2x,'i',4x,'category',7x,'alpha(i)',x, 'beta(i)'//
-(1x,i2,1x,3a4,5x,£7.3,5%x,£7.3//))

557 format(/'number of newton-raphson iterations exceeds maximum')

stop
end
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5. DESCRIPTION OF SUBROUTINES

Flow diagrams, dictionaries for the computed quantities
and listings are given below for the two subroutines 'EF' and
'STEP'.

BEGINNING

COMPUTE Q[1], UVAR[I], D[I], XVAR[I], BVAR[I] V¥ I
COMPUTE FLAMDA, TOL

WRITE I, Q[1], uvar[1], D[1], XVAR[1I] ¥ 1
WRITE FLAMDA, TOL, ZLAMDA

RETURN TO
MAIN PROGRAM

Subroutine 'EF'

In File
'CALCNS'
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BEGINNING

COMPUTE G[I], THETA[I], E[I] Ww I
COMPUTE FDASH and TEMLAM

NO

RECOMPUTE TEMLAM:
1
2

(ZLAMDA + 1)

ms+ ">

RECOMPUTE ZLAMDA:
ZLAMDA = TEMLAM

}

WRITE I, G[I), THETA[I], E[I] ¥ I
and FDASH & ZLAMDA
in FILE 'CALCNS'

RETURN TO
MAIN PROGRAM

‘Subroutine 'STEP'
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QUANTITIES COMPUTED IN SUBROUTINE 'EF'

AMOTOL = Absolute value of TOL

B/ (B, +1)
1 1
[(Bi + 1) - 1]

TOL = £(A)/B

1/7(8;+1)
QlI] = q; = A

UVARI[I]

i
=
i
<
a

XVAR[I]

Il
]
It

. XL/[dl/(Qi+1)]'

QUANTITIES COMPUTED IN SUBROUTINE ‘STEP'

E[I] = e, = xiuiei/q(ai + gy

FDASH = £7(A) = -] e,
i

o,+1

GI[I] = g; = diqil

TEMLAM = A - £(A)/£”(})

U;

B

a./(B;+1)

THETA[I] = Gi ==

(a.+B8.4+1) )
iilll
TEMLAM if TEMLAM > 1

%(ZLAMDA + 1) if TEMLAM < 1

ZLAMDA =

(ai+2)/(ai+1)

}

a,+1
i

- == A
si+1
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SUBROUTINE 'EF'

e this subroutine computes flamda and amotol
c and, for all i, xvar (i) uvar(i) d(i) and q(i)

common /cbl/ a(20)

common /cb2/ alpha(28),beta(29)

common /cb3/ xbig(28) ,ubig(20)

common /cb4/ q(2A),d(28)

common /cb5/ xvar (28) ,uvar (28) ,bvar (28)

flamda=-bavail

do 51 i=1,ir
g(i)=zlamda**((1.08/(1l.8+beta(i))))
uvar (i)=ubig (i) /g (i)
d(i)=(ubig(i)/(a(i)*beta(i)))*((beta(i)+1.9)*(zlamda** (beta (i)

-/(beta(i)+1.0)))-1.8)
xvar (i)=xbig (i) /(d(i)**(1.2/(alpha(i)+1.8)))
bvar (i)=xvar (i) *uvar (i)
flamda=flamda+bvar (1)

51 continue

tol=flamda/bavail
amotol=abs(tol)

¢ write computations on file iprint (= ‘'calcns')

write(iprint,2) iter
write(iprint,3) (i,g(i),uvar(i),d(i),xvar(i),i=1,ir)
write(iprint,4) flamda,tol,zlamda

2 format(///18%x,698('*"') /' newton-raphson iteration ',i3//
=' category',10x,'a(i)',13x,"'uvar(i)",18x,'d(i)',13x, "xvar (i)")
3 format(4x,iz,llx,elz.5,5x,e12.5,5x,e12.5,5x,e12.5)‘
4 format(//' flamda=',el2.5,5x,'tol="',el2.5,3x,'lamda="',el2.5)
return

end
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SUBROUTINE 'STEP'

¢ this subroutine computes fdash and new value of zlamda

common /cbl/ a(28)

common/cb2/ alpha(28),beta(28)
common /cb3/ xbig (28) ,ubig(28)
common/cbd/ g (20),d4(20)
common/cb6/ bneed (28)

dimension g (28) ,theta(20),e(20)

@ compute fdash

61

fdash=0.0

do 61 i=1,ir

g(i)=d(i)*(g(i)**(alpha(i)+1.8))
theta(i)=(g(i)**alpha(i))*(alpha(i)+beta(i)+1.08-((alpha(i)+1.0)

-/(beta(i)+1.0)/(g(i)**beta(i))))*ubig(i)/(a(i)*beta(i))

e (i)=bneed (i) *theta(i)/((alpha(i)+1.8)*(g(i)** ((alpha(i)+2.0)/(

-alpha(i)+1.8))))

fdash=fdash-e (i)

continue

o) compute new zlamda

116
117

temlam=zlamda- (flamda/fdash)
if(temlam-1.) 116,116,117
temlam=0.5+(8.5*zlamda)
zlamda=temlam

e write computations on file iprint (= 'calcns')

idl

112
11
12
13

write(iprint,11)

write(iprint,12) (i,g(i),theta(i),e(i),i=1,ir)
write (iprint,13) fdash,zlamda

continue

format(///' category',6x,'g(i)"',13x,'theta(i)"',9x,'e(i)")
format(5%x,1i2,5%x,e12.5,5x%x,el12.5,5x%x,e12.5)

format(//2x,"'"fdash="',el12.5,5%,'zlamda="',el2.5)

return
end
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6. SUITABLE VALUES FOR INPUT DATA

FILE 'AUXPA'

This file contains input values for the following auxiliary
parameters (see Section 3 for definitions):

- IPRINT,

- KPRINT,

- IR,

- ITMAX,

- ZLAMDA,

- CTEST,

- CRIT,

- CRITAL,

- C, required for Cases 2 and 3 only

- BCALIB.

IPRINT and KPRINT: These define the unit numbers for the
output files 'CALCNS' and 'OUTPUT', respectively, which are used
in the main program subroutines. The suitable values depend
on the computer installation. On the IIASA computer suitable

values were 2 and 3, respectively.

IR must be set equal to the number of patient categories
contained in the main input file 'INIDA'.

ITMAX: Computational experience with the test problem
described in Gibbs [3] suggests that:

i. the Newton-Raphson procedure for solving the equation
f()\) = 0 normally converges to within an acceptable
criterion (see below) in less than 10 iterations, and

ii. the parameter estimation process for Cases 2 and 3
usually converges in two or three iterations.

Thus a suitable value for ITMAX, which is used as an iteration
limit for both processes, is 20. If either of these processes
fails to converge after 20 iterations there is probably some
data error preventing convergence.
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ZLAMDA: Any initial value of A greater than unity will
permit convergence but computational experience suggests that
the values of A of the order of 4 usually lead to rapid con-
vergence in the case of Case 1. For Cases 2 and 3 the most
suitable wvalue of )\ depends upon the value of C. For reasons

given in Gibbs [3] a suitable value is given by A = 2C. Since

a suitable value for C is usually of the order of 2, see below,
this implies a value of X of the order of 4 for cases 2 and 3
also.

CTEST: The minimum value to which this should be set is
an order of magnitude greater than errors arising from rounding.
For example if the input data on admissions and length of stay is
provided with four-figure accuracy the column totals should be

accurate to at least 1 part in.‘!O3 and a value for CTEST of
0.1 would be appropriate since this will stop the program for
errors in column totals greater than 0.1%.

CRIT: Computational experience suggests that with a value

for CRIT of 10_5 the model output is accurate to 1 part in 10u.
CRITAL: This should be an order of magnitude greater than
CRIT otherwise the parameter estimation procedure may never con-

verge. Thus if CRIT is set to 10_5, CRITAL could be set to 10—u.

C: For reasons given in Gibbs [3] the most suitable value
of C depends on the values of the elasticities supplied in the
input data. A suitable value is given by:

~

C = M?x (Yi + ni) 4

This usually implies a value of C of the order of 2, see Gibbs
[3]. If C is set lower than this value there is a risk that
negative values will be computed for one or more of the o, and

Bi, in which case an error message will appear and the program
will stop (see Section 10).

A complication may arise for Case 2 where the input elas-
ticities are scaled in order that they should be consistent with
the equation:

The equation for C quoted above applies, strictly speaking, to
the scaled values of elasticities. Thus it may be necessary to
adjust the input value of C by the scaling factor, which is
written to the terminal.
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BCALIB should be assigned the value of B, the mean bed
supply from the data from which the elasticities are estimated.

FILE 'INIDA'

This contains the main input data. Its contents are
different for each case, as can be seen from the illustrative
listings in the following sections.

The first data entered are RUNAME, XBARA, UBARA and B.

RUNAME: Any four-character alphameric value is permitted.

XBARA and UBARA are used to check the data on admission
rates and lengths of stay by category which follow. Appropri-
ate values are given by:

XBARA = ) X,
for Cases 1 and 3

UBARA

I
t~1

P4

a
4:\
~1

<

=

XBARA = ) X i
i

for Case 2

UBARA = | Eiai/z By
1 1

Corresponding quantities XBARB and UBARB are computed within the
program and if the computed and input values do not agree within
CTEST percent an error message is printed and the program is
stopped, see Section 10. If in a series of runs the user changes
some of the data on category admission rates or lengths of stay
without also recomputing XBARA and UBARA then the error will
probably be encountered. However since the computed values are
written both to the terminal and to the file OUTPUT the user can

remedy the situation by substituting these values for XBARA and
UBARA in the file INIDA.

B: This is the number of bed-days whose allocation is to
be simulated by the model. For Cases 1 and 3 it should lie
within the range:
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otherwise an error message will be given (see Section 3). For
Case 2, B can take any value in the range given by:

0 < —g— < BCALIB ,

provided that the initial values for C and A are set in accor-
dance with the suggestions given above.

The data on each category commence with CATEG, the category
name, for which any 12 alphameric characters are allowed. This
is followed by data on admission rates, lengths of stay and power
factors (Case 1) or elasticities (Cases 2 and 3). The only re-
striction on this data is that each value should be strictly
positive although values for elasticities that are much in ex-
cess of unity should be regarded with suspicion.
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7. CASE 1 ILLUSTRATIVE INPUT/OUTPUT

AUXPA

file max. no.
identifiers iterations categories
iprint kprint itmax ir
2, 35 29, 0,
newton-raph. initial data
conv. crit. lambda test
erit zlamda ctest

0.oBep1 4.000 ’ 1.9

INIDA

run total overall beds

name ideal no ideal available
patients av.stay

test 98.8 , 22.78 , 12008.0

patient ideal no ideal

category patients av.stay alpha(i) beta(i)

varic. veins 12.8 i LS54 , 1.636 , 3.0323
haemorrhoids 7.7 s 13.1 , 2.1138 , 4.6818
ischm. heart 10.4 p S2ad , 8.5445 , 1.3148
pneumonia 21.0 v 197 y 2.2808 , 9.8696
bronchitis 21 .3 r 34:2 r 1.1790 , 49.080
appendicitis 24.8 ¢ 10.1 » 44.433 , 7.0645
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8. CASE 2 ILLUSTRATIVE INPUT/OUTPUT

AUXPA

file max. no.

identifiers iterations categories
iprint kprint itmax ir
2, 3, 20, 6,

initial data newton-raph. alpha arbitrary
lamda test conv. crit. est. crit. constant
zlamda ctest crit crital c

4.900 , 1.0 » 8.00081

INIDA

run total overall

name mean no. mean
patients av.stay

test 63.9 ,17.123009,

patient mea no mean

category patients av.stay

varic. veins 6.3 , 11.3 ,0
haemorrhoids 4.1 , 13.1 ,@
ischin. heart 4.6 , 408.2 ,1
pneumonia 12.83- , 147 8
bronchitis 11.8 4 27.4 1
appendicitis 24.8 , 11.3 ,0

, 0.000616 , 2.2208,

beds
available

1200.0

elasticities
gamhat (i) etahat(i)

.78 :8.62
.70 1 8.44
.14 +1.08
.71 +8.23
«13 :0.05
.85 ,8.31

calibration
bed point
bcalib

1994.2
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9. CASE 3 ILLUSTRATIVE INPUT/OUTPUT

AUXPA
file max. no.
identifiers iterations categories

iprint kprint itmax ir

2!‘ 3; 2@; 6;
initial data newton-raph. alpha arbitrary
lamda test conv. crit. est. crit. constant
zlamda ctest crikt crital c

4.000 , 1.9 , 8.00021 , 9.90019 , 2.2276,
INIDA
run total overall beds
name ideal no ideal available

patients av.stay

test 98.9 , 22.78 , 1200.39
patient ideal no ideal elasticities

category patients

varic. veins 12.8
haemorrhoids 7.7
ischm. heart 16.4
pneumonia 21.9
pronchitis 21.3
appendicitis 24.8

W W m w 0w

av.stay gamhat(i) etahat(i)

15.4
13.1
52.1
19.7
34.2
10.1

4
r
r
r
r
r

9.788¢ , @.6299
6.7009 , 0.44060
1.1499 , 1.3802
2.7100 , £.2300
1.1306 , 2.0500
2.0509 , 0.3108

calibration
bed point
bcalib

1094.2
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10. ERROR MESSAGES

The following error messages may be encountered, after any
of which the program stops (*¥* or ## denote a number supplied in
the message):

i. Case 1: 'negative value of alpha or beta parameter
for category **',

Cases 2 and 3: 'negative value of elasticity data
for category **¥'.

ii. Cases 1 and 3: 'ratio beds available/beds needed
is **; no allocation problem'. This message is
generated if the ratio r = B/) X,U, lies outside

i
the range given by 0 < r < 1.

iii. Cases 1 and 3: '## errors in xbig, ubig data for
category *¥',

Case 2: '#% errors in xbar, ubar data for category
**!'_,  This message occurs if one or both of the
computed column totals, XBARB and UBARB, of the

input data does not lie within CTEST percent of the
input values, XBARA and UBARA. An error in the length
of stay data (UBIG(I) or UBAR(I)) will cause the number
1 to appear at ##, whereas an error in the admission
data (XBIG(I) or XBAR(I)) may cause either 1 or 2 to
appear.

iv. Cases 2 and 3: 'negative values of calculated
parameters for category **',

v. ALl cases: 'number of newton-raphson iterations
exceeds maximum'.

vi. Cases 2 and 3: 'number of parameter iterations
exceeds maximum’®.

Errors (i), (ii) and (iii) occur as the result of data
errors in the file 'INIDA'. Errors (iv), (v) and (vi) are
usually caused by inappropriate values of parameters in the
file 'AUXPA'. The reader should refer to Section 6 for guidance
on suitable values for the data in these files.

Note that the computed column totals, XBARB and UBARB, are
written to the terminal and to the file OUTPUT along with the
input data rather than the Znput values XBARA and UBARA. In
case of error (iii) this facilitates location of the error.
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Indeed if, in a sequence of model runs, the user changes the
values of the input gquantities Ei and Ei in Mark 2 or X, and

Uy in Mark 3 without also changing the input values of the col-

umn totals then this error is likely to be encountered; in this
case the correct values for the column totals will be those
written to the terminal and to the file OUTPUT and these can

be inserted to obtain a successful run.
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