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APPENDIX D

LIST. OF SYMBOLS USED IN THE SIMULATION PROGRAM

The simulation . program listed in-appendix C -is written
in the computer language BASIC. The program variables
allowed in BASIC are any letteér from A to % and any
letter immédidtely followed by a digit 0 through 9. 'Thé
variables described below are those used (and reserved)
for' the simulation-program. Any variable, got appearing
on the list; may be used when the model.is coded in
BASIC. Names appearing. in the discussion which are
written in capitals, for example 6} PLOT DATA, refer to
modulées of the simulation program, The variodus modules
are. listed in appendix A and described in detail in
appendix B.

SYMBOL DESCRIPTION

A An array containing the latast values of
the variables used in the model (A (1) ;&({2),

-~8{N1} .  -Only these variables ars re-

cognised by the simulabtion program:

A0 An array of initial values &£ all ‘the
variables. During simulation. the values
of A change and AO-is used when it is
desired to re-run.the model using the same
initial starting valugs (RE-INITIALISE).

a1 An arxay listing which elements of A are to
be printed as output during simulation.

AZ,n3 Variables used in various places in the
A4,n5 program as temporary storage.
B An array used in MAIN, which stores the

latest variable values from the last
iteration while the selected-algorithm

o L it
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searches for the ‘values at the end of the
current iteration.

A counter-used in MAIN for the number of
iterations. performed.

A counter. used in MAIN for the humber. of
points stored in §T0-PLOT.

The approximate number of points to be
plotted on each graph . { PLOT.TIMES)

The maximum number of g¥aphs allowed ( PLOT
DATA}.

FHD :is the interpolated table value re~
quired by MODEL from USE TABLE.

Specified by MODEL when a time other than
the clixrent ‘simulation.time-T is to be used
for interpolating a variable value. from a
particuldr table in USE -TABLE.. The -time
used. for .interpolatien. is the:current
simdilation time T plus DO. . If DO is. not
specified in MODEL thén DO¥
USE TABLE.

is dssumed by

A four column matrix whére the row number
equals the table number. Column 1 storés
number of times the particular tabls is
used; column 2 the first row number of
matrix D2 containing the starting values
for the particular table; column 3 the
number of data pairs in the table; column
4 the first row number of matrix D3 con-
taining the data pairs for the particular
table.

The starting time values for each table




n3

DY

B1

B2

E3

2394
(see TABLE DATA).

A two column matrix. . Coltmn 1 stores the
time incremént values, after the start
times in D2, and column 2 stores the table
values.

The number of tables used by MODEL.

A counter used in MAIN to indicate when
the specified variable values are to be
stored in STO Q.

Queéue values are to be stored every EO time
steps (calcilated in MASTER and used by
MAIN) .

A three column matrix where the row number
equals the gueue number. Column 1 stores

the variable number that.the gueue represents;
colunn 2 stores the numbeér of values in the
gueue; column 3 $tores the row number of

the ‘array. B2 containing the latest value of
‘the variable represented by the particular
queue {see 0O DATA, $TO 0 -and USE. Q).

an array used to store the variable values
of each of the queues. Matxix E1 is used
to store data and extract Iinformation From
EZ.

A two column matrix where the row number
eghals ‘4 queue number. .The initial values

for each queue are stored in.column 1 and

the lag times. {behind the ourrent simulation
time T} are stored in ¢olumn 2 (seée Et and E2).

oy
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FO

P

¥2

F3

P4

I
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The summation of all the lag times used in
proportioning the storage space for each
queue in array E2 (Q DATA).

The total number 0f spaces specified in
Q DATA for the storage of all the queue
values in B2.

The number of queues used by the model .{Q
DATAJ .

An. array used to. storé the current values
of ‘each differential eguation in MODEL.

A flay used for printing output’ (FO=1 or
0 ‘means yes or no).

A flag used for plotting output (F1=1 or
0 means$ yes of no).

A flag used to indicate which sclution
algorithm has been selected.(F2= 1,2 or 3
for the Euler, Modified Buler and 4th-
Order Runge~Rutta algorithms regpectively).

A f£lag used for the gueues (F3=1 or U means
gueues -are ox are. not being used).

A flag set by DATA/PROMPT indicating; to the

input modules 1} to 11), whether data is to

be read from data statements in INITIAL (F4=1)
or entered via the keyboard (Fd=2).

The. time increment between simulation
dterations.

A st ing array used for non-numeric input
(generally used for yes or na).

R

SR
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I, 72 Counters used in various paces in the
program (generally used as row counters
for arrays and matrices}.

K For éach differential -eyuation there are
either 1,2 or 4 K-values associated with
the solution algorithm. The K values are
calculated at the end of MODEL and equal
the differential values, F, altiplied by
the time~step-size H.

L Used as 4 flag and as a means to-change
the lag time for a particular queue, . If
L=0 or L is not specified in MODEL then the
lag time originally $pecified in matrix 'E3
will be used. 'L specified in MODEL prior
to a particular. queue being called will
result in a queue value being interpoldted

: at a-lag time L.

& M A four column matrix defined in PLOT DATA

: and used by PLOT OUTPUT for plotting graphs.
i The row number . eguals the graph number and

. 3 columns 1 to 4 reéspectively are used to
A store the variable number of the graph; the
i . minimim and maximum values of the variable

i axes and the spacing between tic marks along
L B the. variable axis. 1

NO The number of differential equations (MASTER).
N1 The number cof yariables used in the
Aiffexential egquations and in the model

] i {greater than or equal to NO}.

& N2 The number of variables to be printed after
i ¢ach SO iteration time steps (PRT LIST}.




v

N3

¥

R1,R2;R3

8l

80,8

70,79

2,18

T3, T4

2427

The nbmbex. of variables whose initial and
current values must he changed in
3 CHANGES) .

A countar used in MAIN fox determining
when data must be stored in STO PLOT ror
later plotting.

Data for plotting must be stored every
PO jteration time steps.

¥NQ is the interpolated/extrapolated queue
value required by MODEL from USE Q.

Counters for- row numbers used at various
places. in the program for row numbers of
arrdys and matrices.

Used for temporary storage .of ‘values in
USE TABLE.

MAIN .calls PRT OUTPUT every S0 simulation
time jterations to print results during
the simulation. S is the counter.

The starting and completion times for
the simulation (SIMUL TIMES).

Time &t the end of the last iteration
{MATIN} .

The times specified in PRT TIMES
for printed output to start and end.

The times specified in ELOT MIMES
for ‘storage and plotting of data to start
and end.
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6,77

28,79

V6, V7

X0,X9

X1

21

32
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The table number specified by MODEL when
calling USE TABLE. :

Used as temporary storagé in thé inter-
polation of values from tables and gusues
in USE TABLE and USE Q.

see T2 and TO above.

Used as temporary storage for the interw
polation-of wvalues from tables or queues
in USE TABLE and USE-Q:

Interpolation time for calculating table
Valdes in USE TABLE:

The minimum and maximum values Of the
time axes of the graphs pletted by PLOT
OUTPUT.

The spacing of tic marks along the time
axis of graphs {* BLOT DATA).

A couniter used by each solution algorith
for the number of times MODEL is called ta

> calculats the K-values during each itexa~

tion. 2=1 for EULER, %=1, 2 £or MOD.EULER
and %=1y 2, 3 and-4 for 4R-KUTTA modules.

A flag set by MASTER and dsed by INBUT.
21=0 tells INPUT not to give the user the
option to change any ihput until all the
initial data. have been eniered, Z1=1 allows
input to display the various opticas foi
changing and correcting input. ’

Do-loop counter ih MASTER defining the input
module option to be called by.INPUT.
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APPENDIX, E

SIMULATION. PROGRAM USER INSTRUCTIONS

The mathematical model of a system can be simulated once
it hds been coded in BASIC language and: the input data
is ‘available: Guidelines are.given in chapter 5 on the
development and use of simulation modeis: Repeated
similations are normally required hefore a model is
available for experinmentation. This section describes

in detail how to ‘use the simmlation program to simulate

a.given model:

The flow-chart shown in fig.El describes che ‘procedure
followed when using thé - simulation program: The £low-

¢hart 4s briefly. explained and certadin’ procedures:and

aspects are discussed in greater detail below.

El FLOW~CHART DESCRIPTION (FIG E1)

Thé léss obvious flow-chart symbols have the following
medning: & rectangle depicts some action ori the part of
the user; the small circles are connectors to-different
parts of the flowrchart; the large parallelogram depicts
uwser input or simulation output; the:cigar-shaped symbol
indicates a point in the flow-chart whére the mode
changes. The procedure is briefly as follows:

1 The. Hewlett Packard HPSS is switched on, setting. the
HP85 to programming mode. The tape cartridge is then
inserted. Bither a file. containing the simulation
program and an existing model caf be loaded or a blank
copy of the simulation program containing no model can
be loaded. If a blank copy is loaded then the prograti-
ming statements of the model must be entered in the
module called MODEL and any pre- and post-simulation
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FIG El How to Use the Simulation

P¥ogram (IELters above fl1ow-
chart symbols are re?ev'ence_s_)
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FIG E} How to Use the Simulation
Program Etters above T1OWT

Chart symbols are references)
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instructions -can be eéntered in the modules INITIAL and
FINAL.

2) The RUN-key is pressed and the mode changes from
3 1 progranning mode to ingut mode in which no pro-
: gramming changes .can be made. All the input data
reguired for .simulation and output are- entered by
answering quéstions’ appearing on the soteen. When
#ll the dnput data have been entered,.a list of

optional changes is displayed so that errorsor

changes ‘can be corrected. B

3) - Once ail the changes. have beeén made the last option ta
simulate 'is selected changing the mode to simulation mode:.
The simulation will be carried -out with the results-being
printed and/oft. the graphs plotted. At any time during
sifulation mode, the simulation can be aborted by
pressing key ki whereupon control will be transfered to
input mode where rhanges can be. made and another

simulation-done.

4) If the simulation is allewed to procead to completion
then the option exists of getting back into ifput mode
i {by ‘replying 'yes' to another run) or into programming
L ) mode ({by replying 'no'}.. Once back in programming mode
b o changes can be made to the program, MODEL, INITIAL of
) FINAL but all variables become undefined and the RUN
& . key must again be pressed to .get into input mode and
o . all the input data must again be enteéred.

Above - sume of the symbols in the flow chart is.a.réeference to
o s sections below where the steps are discussed.in greater L
- e detail. The examples in chapters 6,7 and 8 illustrate the R
- i procedures discussed here and also contain furtlier explanation. .

The programming language used throughout is BASIC and all

statements and commands used' in the examples are covered in :
e the manual. (HP-85 Owners Manual and Programming Guide (July . T
1980)) . : 2
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K2 LOADING "AND ' STORING -PROGRAMS

The blank simulation program, containing no model, .is loaded
into program memoxy with the command

LOAD "SIMULN'
"éIMULN“ is secured. against overwriting. . Oonce the modal
and pre- and post-simulation instructions have beer. programmed,
the combined program can- be'stored on tape for future use.. .
The program +is given a name, "UNISEL" for example, up to six
letters long, 'and.stored with the command

STORE" "UNISEL"
The samé program can- simply be loaded in fuéure'with the

command

LOKD "UNISEL"

E3 ENTER _THE MODﬁLES MODEL, INITIAL & FINAL DURING
PROGAMMING MODE

The " thrée modules are dealt with ‘'separately below.

E3 ) Entering. the Mode. into the Module MODEL.

1} After the model has béen coded in. - BASIC: it is entereqd,

line by line;intd program memory using any - line numw
bers betweer 4640 and 7960,

2} Where there is .a possibility that numbers (parameters
and variables) used in the program may be changed between
simulations or displayed or plotted during simulation;
then they stoid be allocated a position in array A.0nly.
the elements of array A, that is A{1), A{2), B(3) --=,

are racognised by the simulation program.

3) standard BASIC variables, foxr example 23, A9, I, can be
used in the model .so long as that variable does not appear
on the list of program symbols listed in appendix D.
The initial value of these symbols must be defined in the
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model itself or in INITIAL and cannot be displayed as
output by the simulation prograr.

Bach of the differential equations F(1), F{Z), - can
be a function of time T, other differential aguations
F(i}, program variables A(3}) or standard BASIC variables
used.in the model. . For example F(3) meaning da(3)/dt

may be ‘entered on line 4690 and look: ike this
4690 B(3). 5 26*(F(9)/T4a(7) +A(DEN L e

The -order in which the diferential equations appear in

the model and the 5Sequence in which wariable values are
caledlated may be important, -When MODEL is called calcu-
lation proceeds from top to bottom and if, for example,
in -equa®ion (E-1) above, F{9} and A{7} are.caleouldted on
line numbers aftér 4690 then the Vvalues of F(9). and A(7)
from the last iteration will be used in the calculation
of Fi3). :If the calculation for F{9] and A(7) appears
before P(3) in the model then the current iteration.
values will be used ih the calculation of F(3)

The current simylation time is given by the variable T

which ig defined by the simulation program. and uséd
anywhere in the model.

The table value at the current simulation time can bé wsed
by gimply including FND(table nimber) .in the calcéuldtion,
For example,

4720:3(65) = FND(2} * B1

uses the value of table 2{at time 1% calculate A(65) .

The example in chapter 8 usSes 4 tables. The interpolation
time. can be changed by defining &n add~on time RO in the
model somewhere before the FND statement. For example

4720 - DO = - 2@ A(65) = FND{2) * Bl

would result in a value being interpolated from table 2 at a

time two units (e.q. 2 hours) or whatever earliex than the
current simulation timé T. DO is set t6 zero each time before
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MODEL is called theréfore it must be defined each time
“in the model if a time-other than T is.to be used.. DO
is not illustrated in the examples in" chapters 6 and
7 ‘as table values are only required at T.

8) The wvalue of a variable at some timeé earligr in the
simulation can be interpolated from thé values stoxed
in 2 guene by simply including ' FNQ{gueue number) in'a
calculation. - For example; the. caleulation

5330 .A{82) = FNQI1)/A(66) .-

uses the value interpolated from gueue number 1. - The
example in chaptér 7 Uses one’guene {seé seation 7.4.2.7):
The variable whose values are stored in the .queue(s})

and the lag time(s}'is. specified during input.. The model
can override the lag: time specified by defifiing a néw

lag time L somewhere before tha FNQ statement,e:.g.

5330 L. = 3 @ A(82) = FNQ(1)/B(66}

would result.in. & guede value being intérpolated from
quetie rumber 1 using a-lag time of three units:(e.g.
hours. If- insufficient vdlues are stoxed in.the guele
and - interpolation is not. possible-bepause L-is too.large
then. execution is términated with'an erxrox message and
the computer reverts to programming mode: - The original
lag ‘time Specified’ is .used whenever L i's not.defined by
the model in-an iteration: L is not used. in any of the
examples in chapters 6, 7 and 8.

9) It-is often usefnl to include an' iptegrator in'the
nodél to oalculate cumulative valués guch.as flow volunes;

salt massés ete. An’example of how kHis is done.is dis-
cussed in section 74.3, )
B.3.2 EBntering Pre-Simulation Instructions and Input Data
into the Module INITIAL

INITIAL is called by the simulation program immediately
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after all input data has been entered and just before
simulation begins. The execution of INITIAL is done
while in simulation mode.

Any BASIC prcgram instructions can be entered between
lines 8010 and 8800: N

The following are typical uses for INITIAL: print the model
nane; desctibe the important parametérs used and gis

their values; print important initial values; ~“sat 1 T
and initialise any standard BASIC variables used ix i
model; give instructions to the user; request extra
input;. set a timer (sée HP 85 manual}; dimension extra
arrays or matricés required by the model;  enter a sub-
routine in INTIAL which isg required by the model.

The same rules as listed in E3.1 above. apply for
program variables .A{1), {2} -<=- -and standard BASIC
variables used in’ INITIAL.

Perhaps the most important use of INITIAL is the use of
reserved lines where input data cén bé entered as dats
statements. Datz sta s are a pe. t record of

the input data which, when-entered, can be stored with
the. program on tape-.and is immediately available whenever
the program is loaded at. some later date (see B2 for load
and store) .  Whenever a new .model is being developed and :
an -error is encountered by the computer during Simulation,
3t will report the error and return the user topogamming
mode.  All input data is lost and must be re-entered

into computer memory whenevér programming mode. is entered.
This is guigkly dene by reading the input data. from the
data statement instead of entering long lists

of numbers aach time tihe computer aborts & ruh. The dis-
advantage of using data statements is that extra memory
is required which may be-at a premium with a large model.

Certain input data can be entered in data statements
between the lines shown{the maximum.valuas in brackets
can be changed - see E4):
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B800 ~ 8850 The initial values of all the program
variakles A(1}), A({2},;, ---- (105 maximum)

8850 - 8870 a) The number of vaxriable$ to be printed
as qutput during simulation (50 maxi=~
B )
b} The variable rumbers in the desired
order. L

8870 - 8900 a) The number of graphs to be plokted
{20 maximum} . e

b) Data~FPile storage space for all the
graph co-oxdinates (maximum of 2000
graph points. allowed in the present

PRI . file).

e} Unit spacing marks along the time
axis.

L ) d) ‘Enter the following 4 values for each

i graph in the order in which they must

: be-plotted.

(i) Variable number
(14} - Minimum value on the vardable axis .
{iii) Maximum value on the variable axis
(iv}). Unit spacing marks on the

variable axis. i

S 8900 ~ 8870 a) The number of tables used (10 maximum

i b) Enter the following 2 values for each
table in tuxn.

i) number of times table can be Gsed;
i) number of data pairs in each table;

¢} Bnter the start times for eagh table in
turn - {maximum of 100 total for all graphs).

4

For each table in turn, enter each data
pair in the table (maximum 100 pairs total
i for all graphs) consisting of the following
! two values:
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1) time incrament affer the start
time. In . earh table these values
must start at 0 and -gach one must

bée greater than the previcus one
otherwise an error message results.

iiy The table- (or graph) value corrés~
ponding to the table time inerement.
8970 ~ 8999 a) Number of guenes used {20 maximum)

b) Enter the following 2 values for each
gueue in: turn:

i) variable number
ii) lag time. {oxr travel time).

¢} Total spaces available for all gueues
{100 maximum)

d) Enter ap initial yalue for each queue

in tuen.

During. input mode the user dan choose to enter data by
reading ‘it from the above predefined data statements or
by typing it in through the kayboard or both.  If the
option to read from data statements is selécted then a
pointer is avtomatically set to the first line number

of the relevant group above.  If no data is present in
that group then ths dincorrect data will be read from the
first group below which does have data (if no groups
below have data an error results). Section E3.3 below givés
useful hints and  chapter 7 giyes examples of data in
data statements,

E3.3 Bptering Pogt-gimulation Instrugtion into the Module FINAL

This module is called by the simulation program immediately
after the simulatlon is compleke, and any graphs have been plot-
ted and copied. The execution of the instructions in FINAL

are carried out during the simulation mode.
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Any BASIC program instructions can be ehtered between lines
8010 and 9899

The following are typieal uses for FINAL: describe and print
the valua of important output; state the time-gtep size;

sbart and end times of theé simulation; algorithm uséd; - further
operating instructions; -stop the inbuilt cléck and state the
time taken £o complete the simulationd; enter a subroutife
used by the model., :

the -same: yules as listed in B2.1 dbove apply for program and
standard BASIC variables

E4. MAKING CHANGES TO THE SPACE REQUIREMENTS OF ARRAYS,
MATRICES AND PLOTTING ~ DATA - PILE DURING PROCRAMMING
MODE

When-the program-is run the Ffollowing heading and notes are
digplayed:

GONTINUES IMULHT”JN oF A

YSTEM. DESDRIBE! Y OROINARY

BIFFE ENTIFIL EGURT!DNS WITH

INITIAL ROUMDARY CONDITIONS.

L HOLTOH=HITS UNIVERSTTY,

HOTE
1IPress ker ki WHILE EXECUTING
o =2t Back fvito inPut mode

3rpace is proyided in A, ABKE
h;yr upr to LBS variazbles in the

rom

4)39,“:9 ig provided i Bl {or
Prmtxn'a WP Yo 5B wariables ay
sach 518

S)File Seine rrovided ford=A606
sraph POIP\VS M has srace for
L=g@9rg

szspacs 15 Pravided iy DL for

lables arel in D2&D3 for. a

total of{=180ztart times and
i=lffdats Points

Prfpace is erovided in E1dEZfar
{=28angues and 2 total of 198
YALLES
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The notes, 2) to- 7}, ¢ive the maximum number of eguations,
variables; .graphs ‘etc. which are allowed with theé current
dimenhsions of arrays and.matrics:. It .may be necessary. in
future to increase the numbér of queues for example or to
reduce the storage requiremsnts of all the arxays and matrices
o makeé space for a larger. .ucdel. The names of the relewant
aryays and matrices are dlso given to facilitate dimension
changes, .During input mode; rasference ig often made ta these
notes and should any dimensions be changed; then the notés
must be updated as well: Iines 110 to 150 of the simulatiocs
program «can be listed with the command

LIST 110,150
or N PLIST 110,150

for a printed .copy of the following:

REM “DIM/DEF . BRRAYSLVARELE

UPTION- BASE .

?ESL ACIBS) . BC1E5Y ,KC20, 4%, F
pJ

SHERT AG(IAS), D2(I88),N3{160
F23,ESC168Y JEIC2H, 80, M{20, 40 ~
INTEGER A1¢5R);C:CL,CR.010 1@
543,08, E,EQ.EL1(20. 30 ES, FB,F
1:F2.F3000) 41, U2, NG, NE N25 NS
158 IHTEGER P6.P.FS, 589,75,V

ot
S

e e
(5]

6
&

146 ayailabie memory “space left 1n bytés)can be found’ by
executing the ‘command )

LIST 9999

This can. only be done in programming mode and is best done
after a simulatioh when all variables have been defined and
available memory is a minimum. Pressing the PAUSE key during
input or simulation mode will change the mode to programming
mode. If either of the above two communds are used or program-
ming changes are made, then the. RUN key must be pressed to get
back into input mode and all input must’ be re~entered: ’

The data file for storing plotting data can be. increased to
hold any number of points by simply creating a bigger data
file on tape called "P-DATA". The present file has space for
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2000 graph co-ordinates,. that is, space for 20 graphs each
with 100 points, for example, or space for 10 graphs with

200 co-ordinates. each.

ES., ENTERING INPUT DATA AND. MAKING CHANGES DURING.INPUT MODE

£S.i Input Data  Required for the Fiwst §imulation Run

Certain input, 1) to ll)below is required for the first simu-
lation. ~Some of the.data listéd is optional and will depend on
the requirements of the model. The rest of thg data is compul-
sory: During input of l)to 11) "below, those preceéded by an
asterisk. (*}) , will give the usex the choice of reading the data
from data stateéments (see £3.2 4)) or ‘typing it in through the
keyboard, i.e.

13USE PREDEFINED DATR
EIKEYRORRD, IMPUT
Elorgdy

A record of all data entered. ¢an be printed on' paper otherw’ise
it is much giicker to use the display on the screen.

Useful hints concerning the input data which should result-in

moré efficlent and faster simulations-are given in ES5.3,The

following 1list of input data is in the same order as it is

requested during a first run simulétion and should facilitate

data preparation:

1) Number of differential equations in ‘the model (20 max.)

2) Number of program variables in the model (105 max.)

*3)  The initial values of all program variables

%4} The 1list of variables, if any, which must be printed
during simulation (50 max.)

5)  fhe time period and fequency if results are to be
printed.

*6) 1f graphs are to be plotted then the following informa-
tion is requested:
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a) The number of graphs to be plotted (20 max.)

b)'- Data-File storage ‘space for all ‘the graph Go-
ordinates’ (maximum of 2000 graph poihts-allowed

in the present file).
c} - Unit spacing marks along the time axis.

d) " Enter the following 4 values ' for each graph
in the order .in which they mist be plotted.

1) - variable numbex

“ 3 ; 1i} minpimum value on -the variable axis
iii)méximum value on the variable axis
iv} unit spacing: marks: on.the variable axis. Gkl

5 7) The start and finish timeé and the approximaté nunbér of
et E p?iﬁt; to be plotted- on gach graph.

The ‘start and.finish time and the step-size to be
used; for executing the simula%ion.

o

9) The algorithm tc:be used for numerically solving. the
differential équdtions. . Either the Euler, Modified
Eulér or the Fourth-Order Runge=Kutta method can be
used.

*#10} If tables are £0 be used to represent the time
relationship of certain program variables then the
following data. are required.

a) The nunber of tebles used (10 max.)

by Enter the following 2 values for éach:table in
tarn:

1} humber of times table can be used.
B i 8 ii) number of data pairs in each table.

¢) ' Enter the start times for each table ‘in turd
{maximum of 100 total for all graphs).

d} Por each table in turh, enter each data pair
in the table (maximum 100. pairs total for all
graphs) consisting of the following two values:
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i} time increment after the start time. In
each table these values must-start:at 0
and. each one must be greater than the previous

one ctheryise an error message results.

ii) The table {or graph): value Corresponding to
the table timg increment.

If the model requires the use of gueues to-store past
values of a varisble during simalation then the fol-
lowing data is’ required:

a)  Number of guedes used’ {20 max.)

b) - Enter the following 2 values for each quete
in turn: :

1) . variable number

ii). ‘lag . time (or travel time)
¢} ‘Total spaces ‘available for a1l gueues (100 max.)
4) .Enter ap initial value for each. gueue in tugq.

above data has baen entered, the folléwing list of

opticns. is presented so that any mistakes made above can bé cor-

fected or

13 CHAHGE
2)RE~USE
3ICHANGE
43 CHAMSE

SICHANGE

any last-minute changes can be made:

ALL INIT. WALUES

INIT.VARIABLES&GUELES

BOME VARIABLE VRLUES
T

Execurzon TIHES s
RLGORITI

185CHANGE FUNCTIGN TABLES

N 12
ENTER. MEW OPTION 17O 129
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At this stage, only option 2) is ‘not applicable. Option.12)
is selected after any ¢hanges have been completed simulatiorn

bagins (simulation. mode).

E5 2 Input DRata After the First Simulation gun

Input mode is entéred after a completed simulation or after
the escape key K1 has been pressed during simalation. The
same list of 12 options, as shown &bove, -i§ again presented
and the -user can make -any of thé . .changes shown and do andther
simulation by selecting the last optioh,: number 12,

Whesi Input mode is entered from similation mode; the current
variableg values from the simulation are retained. ~If; for
e¥anple;. option’ 12-was selected, without any changes; then-
the identical simulation would be carried out but fhe salt
concentrations would continue to build up and dam volumes
change etc,;-as it would have if the previous simulation Had
been ‘twice as long. It should be noted that simply préssing
12 will use. the same start and finish time for executiom,
printing: resilts and printing graphs.  If the identicdl
simulation is to be carried out to obtain the. samé output as
before then option 2 will reinitialise all current variable
values and values stored in gqueues to those-oiliginally entéared.
Option 3 is useéd to change thie current value and the value in
the origipal 1ist of variables.

The only input data that changes bstween simulations is-the
Surrent value of 'the program variables and the values stored
in guéues. ALl other data, initial values, print list and
times, plotcing data .and tines, execution times, alg;rithm
function tables, guene specifications {not values)only change
when the appropriate option 1 to 11 is selected, This allows
great flexibility during simulation. For example, simulation
can be done in stages using larger time steps or a faster  less
aceurate algorithm at different stages as the model approaches
steady state conditions.
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| ’ E5.3 Data input Hints for Paster, More Efficient Simulation

1} Option’$s The printer is wery slow and if frequent printihg
of a large print list 1is required then graphical presernta-
tion may Be better. Alternatively; the values could be dis-
played on the screen ("Print or display results?', is asked
just -before. simulation).

5 2)  The simulation can be temporarily halted by pressing.the i
Y PAUSE key. The screen display can then be copied onto &
paper by pressing the ‘COPY key: = The current value of any _
variable used in the program or model can be: found during
the interruption by typing.the variable name, for. example
. A({98) or %3 followed by giessing the END OF LINE key.

N . Similarly, the valpe of. any variable can be changed. during
IS the interruption by typing: A{98) =.1.,036 for example and
g pressing the END OF LINE key. The simulaticn is continued
P by pressing the CONT kev. ‘

[ ; 3). Options 6 and 7. The plotting ‘data for-all graphs is

¢ stored ‘on tape file during: sifiulation. - At the end of the
simulatiorn the tape is repedtedly rewound and' searchied so
that the graphs can be plotted one at a time.

I y' The screén has a resplution of 256  dots along the time axis
and there is no benefit in specifying & number .gféater
than 256 for the number of points to be plotted on each

graph. The less points required, the faster the simulation
. and plot¥ing and the less the tape ‘wear willibe. ' The
number of points should depend on thé nature of the. graph.
Smooth graphs with gradu.. changes would only raduixe
approximatély 25 points whereas an intricate grdph with
large fluctiation would require many more.points to avoid
missing detail. If the-time span. is too. large and the
graph too compressed then. the simulation should be carried
out in a number of shorter time stages with a plot at. the
end of each. The maximum number of points available for
plotting is
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The time span for plotting .+ 1.
Tteration time-sktep H

Choose -any factor  of 'this number for the numbér of points
ko be plotted.

The minimum and maximum values on the variableé axis axe
automatically decreased or increased if a point to be
plotted is beyond the range specified.- Often the rangeé of
values to be plotted is not known-and this feéature of the
program can be used to ensure that the maximum point
plotted-is at the top of the graph.or the minimum value

ig at the bottem or both, .  -To ensure that both values are
at the extremity of the graph, for example,:set the minimum
value egual-to 100000 and the maximum value to zéro:i..

In this way, the graphscan also be used to find the maki-
mam:and. minimum value of -4 wvariable during the plotting

period of the simulation.

Qption 8 The accuracy of the simulation results depénds
on the iteration time step. Cenerally speaking, smaller
time-steps are required when the model is'in a. 'state of
fapid changé than when the model is near or at equilibrium.
The unsteady salt and flow model in chapter 7 is never
really in equilibrium as salt concentrations, flows and
vOlumes. are constantly changing.  The objective is to
chogse the largest {teration time step which'will ensure
the desired accuracy. This is probably best acZomplished by.
reducing the time step until the change in results beccmes:
insignificant. Purthér discussion on this aspect is
covered in chapter 3.

Option 9 The Fourth-Qrder Runge-Kutta algorithm is

many times more accurate and efficlent than the Modified
Euler algorithm which, in tﬁrn, is more acéurate than the
Euler algorithm. Simulations with Runge-Kutta take about
twice as long as those with Modified Buler and four times
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as .long as those with the Buler method, A large time

step in a simulation may mean, for example, that a nearly
full dam that is filling at the start of an iteration will
be' £illed’ far beyond. its capacity at the end of the
iteration. “In such a case, the time step will have to be
decreased for reasons of validity of the model and not for
reascns 6f accuracy. . The more powerful methods used .on

the program, the Runge~Kutta and Modified Euler methods,
mdy be unsuitable at times because smaller iteration time
steps are required for ressons other than acturacy and
would result in excessive simulation times otherwise, The
uger would have to experimert to obtain the optimum time-
step-algorithm combination for the desired accuracy which
would minimise the simulation time.

Option: 11, The latest variable values are stored im all
the gueues used, at the same time. Givéen the total number
of . spaces for the gueues, the simulation program. therefore:
calculates the number of spaces allocated to each” queué in
proportion to the lag timé of each quéue, with a minimim of
two value§ in any one gueue. The allocations dre displayed
for approval and the total queue space can be éither in<
creased or degredsed and a re-allocaticn made. The maximum
number of gueue values *that can bé used. for. interpclation
is the greater of 2 or

lag (or travel) time + 1.
iteration—time step: H

Any queue size in excess of this number represents an
unnecessary increase in simulation time. Any value less
than this means that values earlier in the simulation will
be interpolated from values entered in the queues less.
frequently than every iteration. fTherefore one gelects the
minimum number of queue values which will ensure that: the
discrete points stored in the queues adeguately represent
the functions occuring during the layg time.
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