
— —

AD Afl3 3kg AERONAUTICAL. RESEARCH LABS ~EUOt$NE (A USTRALIA) P/S Va
ThE SZM4&ATION LAN64JASC CSIe—1O CARL) • (U)

iMCLASSI PI ED 
MAY 76 NEG ILBE

3
T. P 6 NANKIVELL

&43a4e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~ ~ us
‘aP~~ W~~~~~!i 

_ _ _ _ _

~flEIiflET:t!
_ _ _ _

—_
~~IF’ ~rn~ti’
fl~’iP

I !



10 2 8  
2 5

__________________ 
3 i 5

I” 
~~~ 

=
~~~

11 llI~2
~~

_____________ ~• 
~llll~ ~~~~ ~~~~~~

.

NATfONAL BUREAU OF STANDARDS
MICROCOPY RESOLUTION TEST CHART



UN CLASS IF’ E~’
ARL , Aero. Note 362 . ARL , Aero Note 362

/

DEPARTMENT OF DEFENCE

DEFENCE SCIENCE AND TECHNOLOGY ORGANiZATION

AERONAUTICAL RESEARCH LABORATORIES

MEL BOURNE V ICTORIA

Aerodynamics Note 362

THE SIMULATION LANGUAGE CSMP 1O(ARL1

N. E GILBERT and P. G. NANKIVELI.

~~~~ 
;

_
‘ (

~
‘ ‘I

I I j-
~~?

‘I ~~~~~~~~~~~~~~~~~~~~
>-

CD 1

1 L ~
J

U

© COMMONWEALTH OF AUSTRALIA 1976
RE PRODUCED 8~

—

- NATIONAL TECHNICAL
INFORMATION SERVICE MAY 1976

U. S. DEPARTM ENT OF COMMERCE
SPR~NGflE1D, VA. 22161

UNCLASS IF IED

_
~~~ T T —  

~~~~~~~~
. 

~~~~~~~~~~~ 
..

~~~ ______



— -~ .~ -~ ----- —~ -
~~~~~~~~~~

.
~
-.-..-- -- - .

~
-—----

~~~~
- ----— —

~~~~~
- —

~~~
--—- — —-..- - — -

~~~~~

DE PART MENT OF DEFENCE

DEFENCE SCIENCE AND TECHNOLOGY ORGANIZATION

AERONAUTICAL RESEARCH LABORATORIES

- . / , 
. —-

‘ AERODYNAMICS NOTE 362
/

THE SIMULATION LANGUAGE CSMP-1O(ARL)

by

/ N. E.’GILBERT aad P. G. NANKIVELL

/~ 
~~

.

S U M M A R Y
description is given of the ‘block oriented’ sim ulation language CSMP-lO(A RL) .

which has been developed from CSMP-JO and is written main/ v in FO R TRAN I for a
P DP- 10 computer. The major improvement made ha.s been to incorporate ‘user-defined’
blocks , which are written as FORTRAN subroutines . A large number of outputs mar be
defined within these subroutines by using ‘dumnir ’ or ‘user output ’ blocks . Two ot her
major improvements have been made, both enabling the saving of appreciable core storage.
Fir st lv , arra s necessar to store information on each block used are out omatical/ v expanded
to the size determined by the user. Second/u , the language is divided 1,7 to a modelling
program , which is used to perform the model simulation and store the output in a binary
fi le on a specified storage device, and an output program . which i.v used to print and plo t
the character conver.rion of the binary file.

POSTAL ADDRESS: Chief Superintendent , Aeronautical Research Laboratories ,
Box 4331 , P.O., Melb ourne , V ictoria , 3001, Australia.
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1. IN TRODUCTION
Programming of both continuous and discrete dynamic systems for digital computers has

been atded considerabl y in recent years by the development of simulation languages. These
languages enable the user to make a relat i s ely  simp le transit ion from the environment  of an
analogue computer to that  of a digi ta l  computer. Simulat ion languages have advantages over
hi gh level programming languages such as FORTRAN and ALGOL of economy in program-
ming  t ime throug h the sorting of statements and ease of modification , use of centra l ised
integra t ion , and speciali sed output  facilities. There are two t~pes of s imulat ion language, ‘block
oriented ’ and ‘equation oriented ’ the latter resemble a hi gh level programming language such
as F ORTRAN.  sshi l e the former are expressed in coded form with the aid of a block diagr am . *
The in tcr ac t ive I~ controlled ‘block oriented ’ language CSMP-I0 ’ became available for use on
the PDP -lO computer at A R L  but , because of its inab i l i ty  to handle comp lex algebraic expres-
sions . v. as of l imited usefulness. Consequent l y. a modified version , called CSMP - lO (ARL) ,  has
been developed s~hose major improvement is the incorporation of user-defined blocks which
are ss ri t ten as FORTRAN subroutines. CSMP -lO was developed from a series of languages .
namely ( in  order of dese lopment ) PACTOLUS2 for an IBM -1620 , l l30-CSMP 3~

4 for an IBM-
1130 , and CSMP-95 for a PDP-9. Besides CSMP -lO (ARL ) ,  there have been a number of other
off-shoots with extended capabil it i es , including 1130 CSMP6 ’T wri t ten for an IBM -i 130 , and
allowing the use of five short user-defined FORTRAN subroutines and several other improve-
ments. Another  version . ***CSMP.~ offers several improvements which also appear in
CSMP- l0 ( A RL ) .  hut alloss s onl y two short user-defined subroutines writ ten in BASIC.

An out l ine  descri ption of CSMP -lO (ARL)  is g iven in Section 2 . which includes also the
improvements  made to CSMP- l0.  Section 3 shows how a specific mathematical  model may be
represented u sing various statements ,  while Section 4 g ives the Teletype responses necessary for
the beginner to comp lete the s imulat ion of his specified mathemat ica l  model. Details of more
advanced features of the language are given in Section 5 to 9. In addition to the many changes
made to CSMP -l0 , the Teletype messages and corresponding resp onses have been completel s
revised , and much greater detai l  is provided here than in descriptions of previou s vers i ons of
the language.

The language CSMP -1 0(ARL ) is currentl y being used at A R L  in the computer s imula t ion
of the behaviour of helicopters while under manual  or automatic fli ght control.

* A block diagram (e.g. Fi g. 2) consists of a number of linked modules (called blocks), each one
representing a particular function or operation.

L 
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2. 01 ‘TUNE DESCR IP 11ON OF CSM P -lO(ARL)
2.1 General

CSMP -I0~A R L )  is wri t ten mainly in FORTRAN IV for the PDP -lO FORTRAN compiler
‘F40 Vers ion-27 ’ runn ing  under the operating system ‘FOROTS’ . The language consists of a
modell ing program named BOMMP (Block Oriented Mathematical  Modelling Program) and
an output  program named TRANS (Translation). In conjunction with various statements ,
control parameters , and FORTRAN subroutines defined by the user in order to represent a
specific mathematical  model , the modell ing program is used to perform the simulation and
store the output  in a file in bi n ar ~ form on a specified storage device. The output  program is
then used to pr in t  and p lot the character conversion of the binary file in either tabular  or graphical
form. The output  program may be used independentl y of the modelling program as a general
purpose ou tpu t  program (provided data are supplied in the appropriate format). Only a brief
description of i t s  use is therefore included here (in Section 4.2) : a comp lete descri ption is given
in Reference 9. Ai t hou g h  the modell ing program is designed to be run interactivel y from a
Teletvpe. it may also be run non-interactively during Batch or On-Lin e processing. In the
model l ing program , the subrout ines  CPU . EXPAND . FCHECK , and TTYCHK are written in
MACRO- b . the as sembly language for the PDP-l0.

The modell ing program allows a specific mathematical  model of a dynamic system to be
repre sented by control parameters and three types of statements. ,  viz , confi guration , parameter ,
and function statements.  The confi guration statements describe the block structure of a part icular
model each statement consists of a block number , a block type (e.g. integrator , adder), and a
list of which other blocks (up to three) supp l y the block with input  signals. The parameter state-
ments  spec if y numerical  values of parameters associated with the confi guration statements .
s~hi l e  function statements specify coordinate pairs used to generate a function. The confi guration
statements ma~ he listed in any order: the modelling program (BOMMP) sorts them into an
executable order. Following these statements , integration and output control parameters are
specified. In tegra t ion  is performed numerical ly using a second order Runge Kutta (i.e. Modified
Fule r )  method wi th  a fixed integration interval . The user specifies the lower and uppe r t ime
l imi t s  and the interval  thus giving equispaced t ime steps at which the calculation s are performed
and required output  values are stored. For the integration method used (see Section 6.2), there
are tss o stages of calculat ion.  The second stage provides a solut ion of the s imula t ion  at the present
t ime step, xs h i le  the first stage provid es a solution at a t ime value midwa y between the present
and previou s  t ime  step s . This ‘mid-point ’ t ime value is referred to as a ‘half t ime value ’ or
‘half t ime step ’.

2.2 Impro vement s to (SMP-I0
(a)  f o~r (l( ’fin(vI bloci,

Because of i ts  i n a b i l i t y  to handle  complex al gebraic expressions ei ther  directly in the
c on l i gur a t i on  s ta tements  or indir ectly in user-defined subrout ines writ ten in FORTRAN ,
( S M P - l O  cannot be considered a very useful general purpose simulation language. The major
improvem ent made in CSMP - l0 ( ARL)  therefore has been to incorporate user-defined blocks .
s~h ich are s~ri t ten as F O R T R A N  subrout ines  and are compiled and loaded into core with the
compiled version of B OMMP. The current version of BOMMP allows a maximum of fifteen of
t he se block s :  however , t h i s  number  ma~ be increased indefini tely wi th in  the l imi t s  of the com-
puter  core storage by s imp le coding alterations to BOMMP. These blocks may have on l~ three
sorted blo ck inpu t s  (as declared in the confi guration statement) ,  but may have an~ r ,umber of
unsorted block inpu t s . ‘Dummy ’ or ‘user output  ulocks have been created whose output
salue is defined in the appropriate user-defined subroutine , thus al lowing a large number  of
add i t i o na l  ou tpu t s  for each of these blocks.

( h) l. .vpamlahlt ’ arrav , c
Wit h ( SM P - l O . the total numbe r of blocks is l imited to seventy-five, which includes a

m a x i m u m  ot tw e n t s . l i x c  integrator  and uni t  deki~ blocks , and three funct ion blocks. These
l imi t s  could he increased by resett ing the appropriate DIMENS iON statements in BOMMP .
hut to do so ~ ould reserse a large amount of core storage that may not be required for most
models iherciore . the  f ac i l i t y  has been introduced in ( SMP-I0( AR L. ) wherchy the user specif ies

L . 
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(I)  the max imum block number ,
(i i )  the total number of integrator and first order lag blocks ,

( i i i )  the number of uni t  delay blocks , and
( i s )  the number of function blocks.

The appropriate arrays in BOMMP are then automaticall y expanded to the necessary size so
that a m i n i m u m  of core storage is used. The provision of this facility required the inc lusion of a
subroutine named EXPAND , which as previousl y stated is written in the assembly language
MACRO -l O for the PDP-I0 . For other computers , this subroutine would have to be rewritten in
the appropriate language : alternativel y, the faci l i t y may be removed and array limits set as in
CSMP-l0.

( c )  Bloek output
In CSM P -ID . a si gnificant amoun t  of core storage is used to code the output  section of the

program. By dividing the language into a modelling program and an output  program , the core
storage required for coding is s ignif icant ly reduced. The size of the problem that  can be handled
in CSMP - l 0 (ARL )  is then determined by the requirements of the modelling program alone. A
large number of impr ovements to the output part of the language have been effected without
reducing the size of the problem that  can be handled. Also , because the ‘raw ’ output data are
stored in a file in bina ry form b y the modelling program , various forms of output of the same
data may be obtained wi thout  repeating the simulation.  As a further saving, an output  value is
onl y stored if it changes by more than a specified percentage from the last value stored at a previous
time step.

( d )  Other lmpro venu ’nts to CS.t!P- IO
In addition to the three major improvements described above , a large number of minor

improvements have been made , many of them being corrections to errors in the available version
of CSMP-J0. The significant improvements include :

(i) an improved iterative method of solving an implicit  equation:
(ii )  improved integration facilities which include a first order lag block and ‘hold’ and

‘reset ’ operations for the integrator block :
( i i i )  a function block wi th  any number of arbi t rar i ly  spaced abscissae and where , in addition

to linear interpolation , either a polynomial  of degree two or hig her , or a user-defined
funct ion , may be used to calculate the function value :

( iv )  a debugging faci l i ty:
(v) a lphanumer ic  labelling of each block: and

( si)  the capability of cont inu ing  execution of the model at a later stage.

3. M ODE l. REPRESENTATIO N
To represent a dynamic  system in CSMP- l O (ARL ) .  the user should first produce a block

diagram of the ts. pe suitable for programming an analogue computer. The list of available
block functions in CSMP - lO (ARL)  is given in Table I (see Section 3. 1 for associated notation).
More complex mathematical  operations may be defined b the user as user-defined blocks
writ ten as FORTRAN subroutines . The block diagra m should then be translated in to  confi gura-
t ion , parameter . and function statements.  These statements , which are outlined briefly in Section
2. 1 . are described in detail  below in Section 3. 1. To comp lete the model representation . the user
needs to specify integration and output  control parameters (see Sections 2. 1 and 4. 1. 6) .

in order to understand many of the features of the language , particularl y the more advanced
ones , it is important  to know the al gori thm for sorting the configuration statements into an
executable order and the processes by which the model is executed. These two processes are
therefore described below in Sections 3. 2 and 3.3 resp ectively.

3.1 Types of Statements
As outlined in Section 2. 1 . there are three types of statements associated with the model

representation , viz , configura tion , parameter , and function statements.  The notation associated
with these statements and the integration parameters is defined as follows (see Fi g. I for corres-
ponding block diagram nota t ion ) :

3
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B block number  (i.e. an integer identifier)
BI , B2 , B3 blocks which supp ly input  signals to a given block (referred to as inputs)
M integer parameter used onl y with the block types F, I , T, TI , V, and Y; zero fu r

all other blocks (see Table I and appropriate sections)
Pt , P2 , P3 parameters associated with a given block
T block t~pe (library given in Table I :  each type has an associated reference

number )
X output  value of bl ock B
X l , X2 . X3 output  sa lue  of blocks B l . B2 . and B3 respectively
h t ime inter val  for integrat ion

time
t o i n i t i a l  t ime

Errors and their diagnostic messages relat ing to the above specification statements are
presented in Appendix B.

TABLE I
Block Type Library
(refer Appendix A)

Name Type Type No. No. of No of Description
Inputs  Parameters

Bang bang B 2 1 0 X I if X l  ~ 0
= — J  , fX J  c 0

Dead space D 4 1 2 X = X l — P l  if X I  > P 1
= X i — P 2  if X l  .. P2
= 0 i f P 2 ~~~X l ~~Pl

Function F 6 1 1 X = [(Xl). Interpolation from
a function generated by co-
ordinates with arbi trar i l y
spaced abscissae: linear if
P 1 0 or 1 , of degree P 1 if
P 1 I , user-defined if P1 =
—1 , — 2 , or 3. Uses P3 and
M internall y (see Section 3.1 .3)

Gain G 7 I I X = P l *Xl

Half power H 8 1 0 X = ~~X l

Integrator I 9 3 3 X = P 1 f vdt
where y = X l ( 1  . P2) . P3 :
if X2 �0; RESET TO P 1 if
X3 � 0. Uses M internally
(see Section 6.2) .

J i t t e r  J 10 0 0 X = (random number uni-
formly distributed between
— I  and + 1)

Constant K I I  0 I X = P 1

4
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TABLE 1—continued

Name Type [vpc No. No. of No. of Description
Inputs  Parameters

Limi te r  L 12 I 2 X Pl if Xl  > P 1
P2 i f X l  < P 2
X l  if P2 ~ Xl ~ Pb

M a g n i t u d e  \t  13 I 0 .\ — X

\e~~i t i s e  N 14 1 0 X = X l  if ’ X l  > 0
cli pper = 0 if X l  ~ 0

Offset 0 15 I I X X •- P1

Pos i t i s e  P 6 I 0 X X I  if X l  . 0
cli pper — 0 if X l  0

Quit  Q l~ 2 0 Termina tes  run  if X l  > X2
t Ypes ni e ssage
RLV TLRML V .4 TE D BY .4
Q BLOCK

Rela y R 18 3 0 N X 2 if X l  ~ 0
— X 3 i f X l  — 0

Time pulse T 20 I (ici l ate ’ pulse t ra in  ofperiod
generator P 1 s ta r t ing  when X l  ~ 0.

t l ses P2 and \ 1 internal l y (see
A ppendix  \ :  al s o . Section 8 2
for use in di screte s~ ste m
s i m u l a t i o n )

I 1st order TI 30 3 2 Solut ion  of the first order
lag dit ierent al equa t ion

X~~P2 /X It X l — X 2 - - \ 3
sshere X P 1 when I = 10.

Uses \1 in te r nal l~ (see Section
6 31

I n i t  de l a s  1 21 I I X — Pt  sshen t —

= X l  au - h when t -
~~ t0.

t ses P2 in te rna l l y  when the
input  B I is a U block (see
Section 6.! : also Section 8.2
for use in discrete sy stem
si in u Ia t ion )

sCr ou t pu t  I 1) 3 I 0 N is defined in the user-
defined subrou t ine  associated
s i t h  the input  H I  (see Section
7)

S
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TABLE I—continue d

Name Type Type No. No. of No. of Description
Inputs Parameters

User- Urn 30±m 3 3 X is defined by the user in
defined subroutine USERm , where m

is an integer , I to I S (see
Section 7)

Vacuous V 22 0 I Use with wye block to solve
an implicit  equation (e.g.
v =f( ;•)) P 1 is the initial
approximation of v .  i.e. t ’0.

Uses P2. P3, and M intern-
all y (see Section 8.1)

Wei ghted W 23 3 3 X = PI X I  ~ P2 *X2 . P3~X3
summer

Mult i plier X 24 2 0 X == X l* X2

Wye Y 25 2 2 Used with vacuous block to
solve an imp licit equation
(e.g. i = f ( i) ) .  X 3’: P1 is
the error tolerance for con-
vergence , Ec: P2 is the maxi-
mum number of iterations .
Ni :  if not set , Ni is assumed
to be 20. Uses P3 and M
internal l y :  also , dual use of
P2 (see Section 8.1)

Zero order Z 26 2 I X = P1 when t =
hold X l  if X2 -‘ 0 when

> t~ : X is unchanged if
X2 ~ 0 when > t~ : P2 is
used internall y to store X at
the previous half time step
(see Section 8.2 for use in
discrete system simulation)

Summer + 27 3 0 X = ± X l  ±X2±X3 .  The
inputs BI , B2 . B3 may be
preceded by a plus or a minus
si gn in the configuration state-
ment

Divider / 29 2 0 X = X l  X2

Inverter — 28 I 0 X — X l

Blank 5 0 0 Causes the previous state-
ment with the same block
number to be deleted but not

replaced6
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3.1 .1 (‘onfiguration Statements
The con f i g u r a t i o n  s t a tem e i lt s  describe the block s t ruc tu re  of a model and have the form

B. i . B I . 82 . 83: “label” S “comment ”

‘1 he a rguments  are separated h~ commas (as sh o w n )  or b lank  characters . The model l ing
program reser s Cs block number  I , ss hose o u t p u t  ‘. a lu c  is the cur ren t  t ime . t A b lank  block
numbe r (i .e.  ts% o consecuti se ‘car r i . i e e - re turns ’ ) ter mina tes  the set of c on f i gura t ion  state ments.
The I ib rar ~ ut  a x a i l a b l e  bl o ck t~ pes is given in Table I .  Fhe f o lbow in ~ ex a mp les of confi gurat ion
s ta tement s  i l lus t ra te  the ‘. ,iriou s way s these s t a t e m e n t s  r ii a\ he t~ ped ( e x p l a i i . i t i o ns given beloss I ‘i’

2 I) 16 ALI ’lI .k $ IN R A D I A N S

3, 1 , 4, 5. 6 S %C C EI .ER ATIO N

7 .K ;  PIl l

8 W 12 9 B3 is b l ank  so tha t  X3 is assumed iero

The i n p u t s  BI . 82 . and 83 must  he val id block number s , or zero or blank to si g n if x the
absence u t an inpu t . If the block type  is a ‘summer ’ ( i . e. T is ‘ - ‘). the in puts BI . B2 , and B3
mi~ he nega t ixe  integers. If , for examp le. B I equals - 3. th is means tha t  the ou tpu t  sa l u e  of
block number  3 xsi l l  he m u l t i p lied by — I when u sed as the i n p u t  si gnal  to the g ix en ‘summer ’
block. A l t h o u g h  the general  de t in i t ion  of a Llock type may assume the presence ot specific
inpu t s , one or more of these inputs  may he left b lank , in ~ hieh case the corr e sponding value of
eac h ot these i n p u t s  is  assumed to he zero (e .g. in the abus e  c\an lp les . 83 for block number
8). Block t \pes  tha t  often do not require all  the i r  specifiable inputs  are ‘i ntegrator (1 ). ‘first
order lag ’ ( T I ) .  ‘ user-def ined ’ ( U r n ) .  ‘ sseighted summer ’ ( W ) ,  a nd ‘summer ’ ( ).

The semi-colon in the confi gura t ion  s ta tement  is op t iona l :  when u sed , the te n characters
foll o ssing may he used to pro s ide an al phanumer i c  label for B , ss h ich  is re ta ined ss hen storing
t he model (see Section 4 . 1 . 51  and is  used to label the  p r i n t e d  and p lotted ou tpu t .  The dollar  sign
t e rmina to r  is als o  o p t i o n a l :  a l l  character s  fol loss ing it  are ignored and ma~ there t ’ore be used as
comment s .

The cont igura t ion  s ta tements  rna~ he i n p u t  in any order . l’he so r t  pr ocess . described in
Section 3 .2 . determine s  the  order in xx h ich the  s ta tements  are executed. If the user types a con-
f i g u r a t i o n  s ta tem ent hav ing  a block number . B . t hat  ha .  al read ~ been used as the block number
of a prex b u s  s t a tement , t he p re v iou s l~ def ined s ta tement  is replaced by the new state ment unless
the t~ pe . ‘F . of t he ness s tatement is b l ank , in which ease the  pre s iou s st a t e m e n t  is deleted hut  nu t
rep laced (see cs . irn p le s in Section 4 . 1 . 4).

3.12 Parameter Statements

I’ara meter s t a tements  specify parameter  va lue s . e.g. i n i t i a l  c o n d i t i o n s  and mul t i plication
co ns tan t s , associat ed xx i th  the confi g ura t ion  s t a tements  1 ~ee l’ahle I ) .  and h a x e  the t orm

B. Pb , P2 . P3 S “co mment ”

As xx i t h  c o n f i g u r a t i o n  st a t e m e n t s , t he  a r g u m e n t s  may he separated hs~ commas or b lank s ,  and
155 o consec ut ive  ‘car r iage- re turns ’ ter mina te  the set of pa rameter  s t a t emen t s . Here again , the
dol la r  sign foll ossed h~ a co m m e n t  is opt ion al . a nd prc sious parameter s t a t e m e n t s  ma~ be
replaced h~ re peating the block number .  The p :ir ameters P 1 . P2 . and P3 are associated w i t h  the

t Teletyp e message s typed by the u ser are sho xx n  in hold upper c.bs c. messages typ ed by the
appropriate  c o m p u t e r  program arc shown in i t a l i c  tipper case. Comments on Teletvpe message s
ire shown in upper and lower case print  alongside the appropr ia te  message.

7
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block number B appearing in the configuration statements.  For example , when the parameter
statement

21 , 1.5 $ IN IT I AL ( ‘ONDI ’r I O N FOR V

is typed for a mode l wi th  the previously defined confi gu rat ion statement

21 , 1, 103

the in i t ia l  value of block number  2 1 is set equal to I , 5  (as  defined by the specification for an
integrator  block type in Table I) .

Aecause storage for the parameters is allocated for each of the blocks defined in the confi gu-
rat ion s ta tements , any parameters not sct wi l l  assume a value of zero . To delete the parameters of
a part icul ar block , the user ~ets the pa rameters equal  to zero h~ t \ p i n g  onl y  the block number .

3. 1.3 Function Statements
Function statements specif y coordinate p airs used to generate a funct ion for each block of

ty pe ‘F’ defined in the configurat ion statements.  The appropriate block number  is first typed
fol lowing the Telet y pe message

BLK VO.

and each coordinate pair . i.e. abscissa followed by ordinate , is then typed on a separate line
following the message

COORD P. I IRS:

(see examp le in Section 4 .1. 4). Two con secuti se ‘carr iage-returns ’ te rmina te  the list of co-
ordinate  pairs. ‘T’he first of the t xs o TeIet~ pc messages ahose is then repeated so that  further
functions may he specified : a h l ank  h lock nun iher  (i.e.  ‘carr iage-return ’) ter minates  the set of
funct ion statements.

The coordinate pair s de fine a funct ion x x i t h  a rb i t r a r i l y  spaced ab sc is sae .  Between each
adjac ent pair of abscissae, t he value of the func t ion  is ohta ined by interpolat ion.  The inter-
polat ion is l inear if P 1 0 or I . of degree P t if P 1 ‘ 0. and user-defined if P t  I , - 2 , or — 3
(see Appendix Ct .  Outside the abscissae l imi t s , t he func t ion  sa lue  is obtained by ext rapola t ion .
The coordinate pairs may he typed in any order: on t \ p ing each pair . the appropriate list is
rearranged such that  the ab scissae are in order of increasing magnitude.  While  enter ing the list ,
coo rdinate  pairs may he deleted or replaced (see example in Section 4 1. 4). The list may also
he modified at subsequent stages (see Section 5 .31 . The in terna l  use of the parameter P3 and
integer  parameter M in locating the posi t ion of t h e  data for each funct ion (F)  block in the
appropr i a te  expandable array (used to store all the funct ion coordinate pairs ) is described in
Appendix C.

I or a pol ynomial  of degree P1 . at least P1 . I coordinate  pa irs must  he defined. There is no
l imi t , subject to sufficient  core storage being avai lah l e . to the number  of coordinate pairs that
may he defined for each funct ion.  Ho sseser , t he number .  pi say , of I blocks specified when
dimens ion ing  the appropriate expandable a r r a y  ( see Section 4~ 1 2  must  not be less than the
ac tua l  number of F bl och used , and the total number  of coordinate pairs of all F blocks must
not exceed I So (i.e. to  exceed an average of 15 points per F hb ock , n must  be made larger than the
actual  number  of F blocks used ) .

3,2 Sort Process
The purpose of the sort process is to ar r ange the block s , represented by their  con f igurat ion

sta te ments , i n to  an order such tha t  for each s ta tement  the input  signals ha v e been previously
defined. The list of b l o c k s  obtained in t h i s  x x a y  is term ed the ‘ sor t  l is t ’, and ex ecut ion  of the
block s in th i s  li st for each half  t ime  step is referred to as ‘execut ion ut the sort list ’. l. ser output
(UO ) blocks are excluded from the sort l is t  becau se their  ou t p u t  is ca lculated when the associated
user-defined block is ex ecuted . I l ossever . when storing the confi gura t ion  statements (see Section

_ 



4.1. 5), statements with a UO block type are stored immediately  following the associated statement
with  a user-defined block type .

The al gori thm for determining the sort list is described as fo l l o ss s :
( I )  Enter into the sort list the constant (K )  blocks in ascending order of block number

followed by the un i t  delay (U) blocks , also in ascending order of block number.
(2) Select the lowest numbered unsorted block and then go to (4)
(3) Select the next lowest unsorted block number .
(4)  If the block numbers of all the inputs  (i.e. BI , B2 . a nd 83) have (a )  already been entered

into  the sort list or (b) are themselves defined as integra t or  ( I )  or f i r s t  order lag (T I )
blocks , f enter this  block into the sort list  and then go to ( 2 1 .  o ther ss ise  go to (3 ) .

3.3 Model Execution Process
I n i t i a l l y, the output  value of each block is set equal  to the value of ’ I t s  first parameter .  i.e

X = P 1. This has the effect of sett ing in i t i a l  condi t ions  for in tegra tor  ( I I .  f i r s t  order lag (TI
un i t  delay (U) ,  vacuous (V) .  and zero order hold (Z) blocks , and sett ing constant ( K )  bl ocks to
thei r  constant  value. The output  salues  of other blocks arb i t rar i l y set in th i s  sx ay are ove r wri t ten
on in i t i a l l y executing the sort list .  The onl y difference from subsequent sort l i s t  executions is
that  the output  values of the U , V , and Z blocks are not set since thei r  output  ~aIue s have already
been set equal to P1. At each subsequent h a l f t i m e  step, the ou tpu t  values of I and TI blocks are
first calculated (see Section 6.2) and the sort list is then executed. Though calculated before
execution of the sort list , the output  values of I and TI blocks are not set u n t i l  immedia te l y  after
the output  values of the U blocks are set. Because the output  value of the K block r s set i n i t i a l l y
and does not change , K blocks are ski pped when the sort list  is executed.

4. BASIC OPERATIONS OF SIMULATION LANGUAGE
This section exp lains only the basic operations necessary for a user to be able to i n i t i a l l y

use the s imulat ion language. Fur ther  operations , which allow a much greater degree of
f lexib i l i ty ,  are described in the next section. The modelling program BOM MP is f i rs t  used to
perform the s imula t ion , and the output  program TRANS is then used to obtain printed and
plotted output . Both programs are controlled by commands , which are typed following an
from the Telet~pe. The appearance of an ‘~~~‘ si gnifies the command mode. These commands
ma~ be shortened to three characters and are listed wi th  brief descri pt ions in Tables 2a and 2h .
They are described in much greater detai l  in Sections 4. 1 , 4.2 , and 5. For the model l ing program
onl y, a command s t r ing  may be formed by a list of commands separated by semi-colons.

The operat ing procedures are best i l lus t ra ted by an example.  For convenience , the non-
l inear  spring problem of the CSMP-9 and I 1 30-CSMP manuals  is repeated. The problem may
he expressed in terms of the differential  equat ion

ai hr ‘ f I t ’) = 0 or i - — [hr ‘ f ( .r ]  a

where f( .i )  is a non-linear funct ion defined b y l inear interpolation of a set of coordinate pairs
( v . 1 ) .  A complet e descri ption of the problem to be solved is g iven in Figure 2 , which also includes
a block diagram representation and the necessary confi gurat ion . paramet er . and function
statements .

4.1 Running the Modelling Program
The running  of the modelling program may be convenientl y divided into the following

seven stages :
( I )  Appropriate relocatable binary li es are loaded into  the computer core storage , and a

core image of the resul t ing modelling program is sax ed.

f The ou tpu t  value of in l egra tor  and first order lag blocks are known before the sort l i s t  is
entered (see Section 6.2) .
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TABLE 2A
Modelling Program C ommands

All commands , except the ‘channel’ command , mar he shortened to three characters

Command EtI’ect Section(s) for
Reference

CONFIGURATION Reads in confi gurat ion s tatements  3 .1.1 , 4. 1. 4

DEBUG Provides a comp lete bl ock description dur ing  5.5.3
execution

EXIT Re tu rns  control to the moni tor  4 . 1 .7

FILE Gise s the status of the model i n p u t , b lock ou tpu t  4. 1.3
and model output  channels

FUNCTION Reads in function s ta tements  3 .1. 3 , 4 I 4

GOE Ini t ia tes  execution of the model 4 . 1.7

INTEGRATION Reads in in tegra t ion  control  paramete r s 4 I (~

LOOK Examines block ou tpu t  at f in a l  t ime  sa lue  5 5 2

M A N U A L  During non-interact ive On-Line p roces s in g .  re tu rn s  5.4
the program to interact ive r u n n i n g  and to  the
command mode

OUTPUT Reads in output  control parameters 4 I 0

PARAMETER Reads in parameter s t , i t e r i i L ’n t s  3 I 2 . 4 1.4

PROGRAM Executes another  specified program . e.g. ‘T R A N S  S 5.4

RETAIN Enables model execut ion to cont inue  at a later
stag e

R U N  When set t ing up a model , i n i t ia tes  the command S S I
s t r ing  ‘TITLF , ( ON . 1’ \R . I UN . I N I  .01. 1
GOF.’ : if the Telet y pe is not used as the model
input  channel , the ’TI TI.F ” con imandi sexcluded :
where part ofthe s t r ing  h .is  a lread y been ini t ia ted
hy ’ i n d i v i d u a l  commands , the remaining ones are
ini t ia ted

STORE Stores model specification s ta tements  in a file 4 .1 .5 . 5.1 .1

TITLE Reads in t i t le  4 .1.4

‘channel ’ Used to change the s t a t u s  of the input  and output  5.1
channels

t 2 )  Execution of the program is in i t ia ted , and the amount  of addit ional  storage is deter-
mined by specifying the m a x i m u m  block number and number  of special blocks so that
the appropriate a r r a y  dimensions ma y he expanded to the min imum size necessary.
The max imum block number may exceed the total number  of blocks used since not all
in te rmedia te  numbers need be used as block ident i f iers .

( 1) The ‘st a t u s ’ of the input  and output  channels may he examined if required (see Sections
4 , 1.3 and 5. 1 for explana t ion) .

(4~ The model is set up b y specif y ing  in turn : a t i t le , configuration statements , parameter
statements . and function statements (if a n y ) .

10
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(5) The model may be stored for future use or reference.
(6) Integration and output control parameters are specified.
(7) The model is run , and on completion . control may be returned to the monitor , or

modifications may be made to the model by repeating the appropriate commands so
that the model may be re-run.

Stages ( 3 )  and ( 5)  are optional , but Stages ( I ) .  (2) . (4) . and (6) must be comp leted in order
before the model is run in Stage (7) , Stage (3) ma x be included anywher e fol lowing Sta ge (2)
while Stage (5) must be preceded , t hough not necessaril y immediately ,  by Stage (4). Stages (3 )  t o
(7) are controlled by appropriate commands (see T:ihlc 2 a .  Though not shown here , commands
m:r y be repeated at any stage. This en: ib les alterations or addi t ions to the model.

For the non-l inear  spring problem. the opera t ing procedures are described below for each
of the above stages.

4,1.1 Stage I—Loading the Program
A~ pr opr iate reloc atable binary tiles , w h i c h  include the files B O M M P  R E L . I) 1.’ S E R . R E L ,

and any user-defined files , are loaded into the computer  core u sing the normal PDP - 10 loading
procedure , and a core image of the resul t i ng  modell ing program is s.ise d The user-defined
files contain user-defined subr outines , as well as other funct ions  and subrou t ine s  requir ed b y the
user-defined subroutines , and the file BOM M P . RE L  is th e  binary ser sion of the basic model l ing
program. Because the basic modelling program cont ain s  ‘( \ I . L ’  FORTR A N  s ta t ements  for
each of the user-defined subroutines t ] SFR I , U SI R 2 . . . - I. SI R I S  a nd the subroutines
INTRP I .  (NTRP2 , IN TRP3 used for user-defined in te rp ola t ion  in the function bloc k (Sec
App endix C) . corresponding versions of t h e~c subr ou t ines  are required when .. ~adin g the program.
‘Dummy ’ versions . which perform no ca lcu la t ions . are there fore stored in a file whose binar y
version is called DUSER .REL .  By loading I ) t  SI R RI - I . l a st  and using the ‘L’ swi t ch  ( i.e.
the user types DUSER /L). these ‘dummy ’ se r s i o n s  are loaded onl y  i t ’ corresponding ser s i ons
specified by the user have not already been loaded. For the n o n - l i n e a r  spring problem , which
has no user-defined subroutine s , the files B O M M P . R E L  and D U S F R . R E L  are loaded , and a
core image of the program is saved as follows:

.R LOADER

~BO~ 1MP Basic model l ing  pr ogram

~DUSER /L ‘Dummy ’ versions of user-defined subrout ines - loaded last
‘Altmode ’ character

BOMMP 12K CORE. 194 WORDS FREE
LOA DER USE D 14’ 4K CORE

EXIT

SAVE BOMMP Produces core image in file BOMMP .SAV: the name need not
BO~ f t!P SA VE D be BOMMP

4.1.2 Stage 2—Execution Initiation and Dimensioning of Expandable Array s
The execution of the progra m is in i t ia ted and the expandable array dimensions are set as

follows

RU BOMMP

‘tI.4 X BLK NO. = 48

NO. OF: I & TI BLKS. U BLKS, F BLKS = 2, 0, I

*

I I
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4.1.3 Stage 3—Status of Input and Output Channels

The modelling program uses three channels for input  and output.  They are :
( I )  an input channel for reading in the model specification statements , viz , title , configura-

t ion statements , parameter statements , and function statements:
(2) a model output channel for storing these statements for future use;
(3) an output channel for storing the block output (i.e. output value of each of the blocks)

in binary form on a specified storage device during execution ,

The ‘FILE’ command gives the status of each of these channels and may be used at any
stage of execution. Ini t ial ly,  the channels are set up as follo ws , but they may be changed at any
stage by using the ‘channel’ command (see Section 5. 1) :

*FJL

MODEL f / p  FRO M TTY.’
BLOCK 0/ P TO LOGI:OUTPT. DA T
MODEL 0/ P TO LOG3:MODEL.MOD

*

The number of characters used for all file names (wi thout  extension) must not exceed five.

4.1.4 Stage 4—Setting up the Model

The model is set up by specify ing in turn (a) a title , (b)  configuration statements , (c)  para-
meter statements , and (d) function statements ( 1  any). The appropriate commands ‘TITLE’ ,
‘CONFIGURATION’ , ‘PARAMETEk ’ , and ‘FUNCTION’ control the input  of these
statements by the modelling program : the latter three are hereafter referred to by their shortened
form (i.e. ‘CON’, ‘PAR’ , and ‘FUN’). Each of the three sets of statements is terminated by’
a blank block number (i.e. an additional ‘carriage -return ’). The model for the non-linear spring
problem may then be set up as shown below , where typical errors are included to i l lustrate  their
correction procedure :

*TIT

TITLE (LIMIT 60 CHRS)
NON-LINEAR SPRING WITH DASHPOT

tCON

CONFIGURATIONS,’

BLK. TYP E. B! , B2, B3
4, /, 17, 6; V DBLE DOT
5, K Typed in error
6, K
S
PRE V BLK 5 DELETE D Blank type causes deletion of statement defined previous l y
9, 1, 48; V for block number 5
I7 , W, 48, I0
48, 1, 4; Y DOT
1O , F, 9

Blank block number terminates configuration statements
*f ~ R
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I’.l R I  t i l  I I .  R,S

BI.K . I ’/ . P2 , !‘j
9, —10.0
17, 2 Second parameter omitted in error
17, 2, I Repeated block number  causes replacement of parameters
6, — 5 defined pre s ious l y  for block number  17

Blank hlo~k number  te rmina tes  parameter s t a t emen t s
* FL N

F f ’ . VCTIO.VS:

BLK .\ ‘O. 10

(1) 0k !)  P ‘f IR S ’ : ( oordin a te  pairs  are rea d in us ing the format statement
I OR\ t ’\ T 1 i

-10 . —10 0
-8, —64
— 6 , —36 T~ped in error
—6. — 36 Repeated ah sc iss ,i caus es rep lacement
( ‘OuR!.) P.4!R (— 6 .O(ThQL (1(1, 3,6000E .. ( i I)  DELETE D
-4, -16
0, 0
—2 , —4 Coordinate pairs may’ be in any order
2.4
8, 64
5, 30 Typed in error
5 Blank ordinate  c:iuses deletion wi thout  replacement
COORD P.41R 5JHili~1. . (Y ) , 3.0000E . 0/ )  DELETED
4, 16
10 , 100
6, 36

Blank abscissa t erminates  coordinate pairs
lil A’ Vi’) . Blank block number  terminates funct ion s ta tements

¶101) 11. C0 %IP1.ETE

*

The message

-‘itO DEl. CO tIPi.ETE

(see above ex ample)  is typed by the program only when coordinate pairs for all the function
block s have been specified, I f there  are no funct ion blocks , the message is typed following the
comp le t ion  of the parameter  s ta tem ents ,  Even if there are no parameters to be specified , the
‘PAR’  command must  s t i l l  he used fo l lo w ing  the ‘CON’ command.

4.1,5 Stage S—Storing the Model
By using the ‘STORE’ command , the current model specification statements may be stored

for future  use in a file which  is referred to as the model output  channel. For the present examp le .
t h e co m p lete model is stored in ‘I.0G3:MODEL, MOD’ (refer to ini t ial  status of the model

13
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output  channel in section 4 .1.3 ) , but each set of statements may be stored in separate model
output  channels:  however , the model output channel must be redefined prior to each set being
stored (see Section 5 .1 .1 ) .  The t i t le  is included in the set of confi gurat ion statements. Comments
foll os~ ing the optional statement terminator  ‘

~~~
‘ are ignored and hence are not stored (see

Section 5.3 if comments are required to he stored). The appropriate Teletype messages and res-
ponses here are:

*STO

CO.V, P.4 R , FL’ ,V, OR .1L1. :ALL

*

The conf igura t ion , pa rameter , and funct ion s ta tements  are each stored in ascending order
of block number .  However ,  by typ ing CS in p lace of CON , and AS in p lace of ALL , the con-
fi gura t ion statements are stored in sorted order of block number .

Parameter s tatements  tha t  have a zero salue for P 1 . P2 . and P3 are not stored ,

4,1.6 Stage 6—Specifica t ion of Inte gra t ion and Out pu t Control Parameters

The commands ‘ I N T E G R A T I O N ’  and ‘OUTPI . . which  are hereafter referred to by
the i r  shortened form (i.e.  ‘IN T ’ and ‘OUT’ ), al low the in tegra t ion  and output  control para-
meters to be set : the order of these commands is opt ional .  For the integration , which is per-
formed using the second order Runge Kut t a  (i.e Modified Euler )  method , the low-er and upper
t ime I tmi t s  and the in terval  are specified (each in the same u n i t ) .  1:or the ou tpu t  control , the
required block numbers  are first  listed. They may he tvpe ~1 on more than  one l ine , each line
cons is t ing  of a m a x i m u m  of 72 character s :  two  consecutive ‘carr iage-re turns ’ terminate  the l is t ,
If a l l  the block numbers are required , the user ma ’. t~ re ALL (which  may he shortened to A) in
place of the i nd iv idua l  block numbers , in which case a sing le ‘carriage-return ’ terminates the
list : the block ou t pu t  s- alue s are stored in ascending order of block number.  By t y p ing AS in
p lace of ALL or A . the block output  values of all  the blocks are stored in sorted order of block
number .  An ou tpu t  value is onl y stored if it changes by more than a pre scr ibed percentage from
t he pr ev ious l~ stored sa lue :  th is  percentage is specified , follow -ed by the in te r s a l  of t ime between
outpu t  values in the same u n i t  as the in tegrat ion pa rameters The appropriate Teletvp e messages
and responses for the present example  are :

*INT

J . V7’EGA P~4R . ’lMS; LOWE R. UPPER . INTER VAL : 0, 20, 0.1

*OL T

O P BLA ’S
9, 4, 48, 10 Two consecut ive ‘carriage-returns ’ terminate  the list

O P P,4R. -I MS; ~~, Cn.4 .v6I: RE QRD , I VTERI ’ .1L .01, I

If the output  in terval  is less t h a n  the  in tegrat ion interval , the output  values are recorded at
every h a l f  t ime  step of the in tegra t i on  (see Sections 2.1 and 6.2 ) . To execute the model only at
the i n i t i a l  t ime  value , the lower and upp er in tegra t ion  l imi t s  should both be set equal to the
i n i t i a l  t ime  value : the in t eg ra t i on  in te rva l  need not then be set.

On us ing the ‘OUTPI I ’  command , a ‘TIT I F ’  command is first imp lied if a title has not
already been specified (i.e. the program requires the user to type a t i t le) .
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4.1.7 Stage 7—E xecuting the Model
The ‘GOE’ command i n i t i a t e s  execution of ’ the complete model, Upon completion , the

run (‘PU t im e is  g iven and control is r eturned to the command mode , If required , alterations
may then he made to the model before re- execution (see Section 5.3). Eventu al ly,  control is
returned to the moni t or  by the ‘I XI I ’  command.  L ’ se of the ‘GOE’ and ‘EXIT ’ commands
i s  i l lus t ra ted  as fo l lo w s:

R( .\ .V/ . V ( ,

RI V ( ‘l’( ‘ 1’! i i i : . 1. 25 .yL(’ .

* i:xi

E.\ l)  OF l: \l.( L TIO.V
CP U 7’! ‘i l L: 5. “4 EL 4 !’SL’D TI. ’~i1 ’: / , ?; 5 5 . “4

E VIl ’

The model ex ecu t ion  may  bc h a l t e d  before complet ion by t y p i n g  ‘ , in which  case execution
is comp leted up to the next  t ime  value  for ssh i ch the block values specified for output  are required .
The message

R ( . \ TE R ’iu I . V ..I TI:l) B) ’  - I ”

is ty ped by the progra iii and control  is re turned to the corn mand mode.

4.2 Running the Output Program
‘I he ou tpu t  program TR .‘.,NS is controlled by commands in exactl y the same way as the

model l ing  program. These command s  are listed w i t h  brief descri ptions in Table 2b. The program
provides  Teletype and line pr in ter  ou tpu t  in e i ther  t abu la r  or graphical form and incremental
plot ter  ou tpu t  in the form of ‘s t r i p ’ p lo t s  lof  the  form produced by a mult i -channel
chart  recorder ) and ‘ove r lay ’ p lo t s  (a sing le graph for up to ei ght output variables ) .
The block ou tpu t  file obtained by r u n n i n g  B O M M P . which then becomes the input  file for
T R A N S . includes the t ime  l imi t s  and in te rva l , a t i t l e , and labels for each output variable. Subject
to sonic rest r ict ions.  these ma y he redefined. For graphical  ou tput , convenient scales are calculated
by T R A N S  such that  each curve is fu l l y  shown: ho w ev er ,  these scales may also be redefined by
t he user.

O n l y  the commands nece ssary to produce Telelvpc tabular  and graphical output (i .e.
‘PR(’Ol.t .i M \ ’  and ‘PRPLOT ’ ) ire described here : a comp lete descri pt ion of all the feature s
of i R A N S  is gi sen in Reference 9 .

4.2.1 Setting up the Program
The user i n i t i a t e s  ex ecut ion  of the program by f i r s t  r unn in g  the core image version

‘~R -\ \S S -\V of the relocat able b inar y  lile TRANS .RE [ . ,  and then specifying the filename
(~~i ihou t  e x t e n s i o n )  ~‘f the  block ou tpu t  tile ~OVTPT for the non- l inea r  spring problem) produced
by r u n n i n e  BOMMI’ . The output  program then types  the t i t l e , date and time of creation of the

1— block ou tpu t  f i le ,  in tegra t ion  in te rva l , run CPU t ime , and t ime parameters , followed by an ‘s’,
w h i c h  signifi es the  command  mode. An e x a m p le of how to set up the program in the above
manner  is shown belo w

15

- — .~~~~~~~~~~~~
-
~~~~~~

--
~~~~

- --,- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~L.,. ... 



--

TABLE 28
Output Program Commands

Al l commands may be shortened to three characters

Command Effect Section(s) for
Reference

EXIT Returns control to the monitor  4 .2 .1

GOE Obtains the tabu lar or grap hical output  for the commands 4.2.1
‘PRCOLUMN’ , ‘PRPLOT’ , ‘PLSTRIP ’ , and
‘PLOVER LAY ’

LABEL Redefines labell ing information

PLOVERLAY Specifies ‘overlay ’ plott ing on the incremental plotter -

PLSTR IP Specifies ‘stri p’ plot t ing on the incremental plotter

PRCOLUMN Specifies tabular output on the disk or Teletype in the 4.2.2
form of printed columns

PRPLOT Specifies grap hical output on the disk or Teletype 4.2 .2

RUN Equi valent  to the commands (in order) ‘PRCOLUMN ’ , *

‘PRPLOT ’ , ‘PL STR IP ’ , and ‘GOE ’ : if any form of
output is not required , a ‘carriage-return ’ is ty ped in
place of the block numbers

SCALE Redefines graphical outpu t scales

TIME Redefines time parameters —

* See Reference 9.

RU TRANS

I .P  FILENAME = OUTPT

NON-LINEA R SPRING WITH DASHPOT

IF FILE RECORDED ON 21-APR-76 .4T 16:57

INTEGN I1VT = l.0000E-0 l ,’ RUN cPU TIME 1.25 SEC.

TIME FROM 0.0000E-0I TO 2. 0000E+0I IN STEPS OF I.0(X) 0E~~~
)

*

Al though  the filename extension is not specified , the extension name ‘DAT’ is assumed, If ,
in the above examp le , a file named OUTPT. DAT is not found on the disk , the message

OU TPT.DAT NOT ON DSK

I/P FILENAME =

16
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is t y ped  b y- the pro gram so t h a t  a new fi lename may he specified.
A p ar t i c u lar  t~ pe, or t y pes , of ’ o u t p u t  may he specil ied b y- u s i n g  the appropriate commands

listed in  Table 2h : to complete the o u t p u t  process , the ‘GU I: ’ command should fo l low , after
w h i c h  contro l is returned to the command mode. R e p e t i t i o n  of the appropriat e commands for
each type  of output  before the ‘GOE’ command , deletes the etI ’ect of the previous use of the
eot iima nd : repet i t ion aft er  th e  ‘GOF ’ con itrizind. resul t s  in  a d d i t i o n a l  o u t p u t .  ( & n t r o l  is return ed
to the moni tor  by th e ‘I - ~~

‘ I I  ‘ command.

4, 2.2 ‘reIet ~ pe Output
The c o m m a n d s  ‘PR( ’Ul (H \1 N ’ and ‘PRP L () I ’  .t ic  us ed to ob t a in  t abu la r  and graphical

o u t p u t  r c spec t t s c l ~ oti ei ther  the  l ine  pr i t i te r  or ‘I’e i et ~ pe ( ‘or each co tnmand the re quired block
numbers  are f irst I sted.  l ’hev may he typed  on more than  one l ine , eac h l ine  cons i s t i ng  of a
m a x i m u m  of 72 character s , and t h e l i s t  is t e r m i n a t e d  h~ t w o  consecut i xe ‘carr iage-re turns ’. If
al l  the block numbers  arc required , t he user may t~ ne  .t in p lace of the m di x dual  block n u m b e r s .
n w h i c h  case a s i n g l e  ‘c : I rr I : t g c- ret urn ’ te nt ii in ; t es the  l is t .  Whe n spec i f y i n g  b l ocks  by thei r

i n d i s  d u a l  block numbers ,  a m a x i m u m  of ’ a I’ undred blocks m ax he processed each t ime the
‘GUI- . ’ c ommand  i s  used : h o w e x c r . a l l  b locks arc processed ss lien the user t~ pes A ins tead , esen
ii ’ there are more  t h a n  a h u n d r e d  hl o ck~ . I e l lox ,  ing the ‘l’e le t y pe nie ssage

IS 0 1’ TO TT} ’  RL QRD:

t y p e d  by the  pr ogram,  the  user t y p e s  \ i t  t he  o u t p u t  is to he p r i n t e d  d i r e c t l y  on the Telet y pe . or
art y o ther  charact er  ( i n c l u d i n g  a ‘ca r r i a g e - r e t u r n ’) if  th e  o u t p u t  is to he stored in a d isk  file so
t h a t  the  r e s u l t i n g  f i le  can subsequen t l y he p r i n t e d  on the  l ine  p r in te r  ( see Ref ’erence 9), Th i s la t te r
form of o u t p u t  c o n t a i n s  more t iormat ion than  the I’e l e t y  pe ou tpu t :  bl ocks arc identified by
t h e i r  n u m b e r  r a t h e r  th : ti by a label on the  Telct~ pe ou t p u t .  On com plet i t ig  the Telet~ pe re spons es
to e i t her the  ‘PR ( .’U L L \l N ’ or ‘l’R Pt UT’ com mand s , t he  program r e t u r n s  con t r o l  to the
command tuode . t h e  ‘GU I ‘ co mman d s th en so.cd to obta in the Telet~ pe ou t p u t .  It should
he noted  t h a t  both t. hu la r  and e r . i ph i c a l  o u t p u t  can n ot  he ob ta ined  on the Tel et ~ pe by us ing  a
sin g le ‘GUI ’ c om m a n d  f ’o ll oxx ng the ‘I’R( ’Ol. 1 \l N ’ , n d  ‘PRPI.OT ’ com mands . Con sen ien t
p lo t t i n ~ scalc~ are ca lcul ated by the  ou t p u t  program and are show is at th e  head ot ’ ea ch Te l e tvpe
Hot .

[he f o l lo w ing  ex a m p l e  s h o w s  how both  t a b u l a r  atid grap h i c a l  I c l et ~ pe o u t p u t  ma y  he
o b t a i n e d  (‘or the n o n — l i  near  s p r i n g  prob l em:

PRI \ 7’l . \ ( 1 I\  ( 0 l . L . ’i,f ,V.S:

B IA S
1, ist t e rminated  by a sing le ‘ca r r i a g e - r e t u r n ’

I_ c () I’ 7’O / 1  1 RL QRI) : ‘i

** R ( . V\ l , \ (,  ~

( Sec SCL ion  I of ’ ,‘\ ppendi x  I) for Telet~ pe o u t p u t )

* 1’ RI’

I ’RI\ I I  R ! ‘l .O iS

BIAS’
9. 4 I - st term in ated b y ss o consecutive ‘carriage-returns ’
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IS 0/P TO TTF REQRD: Y

*GOE

** RUN N ING **

(See Section 2 of Appendix D for Teletype output)

*EXI

E.VD OF EX ECU TION
CPU TitlE: 2.27 ELAPSED TIME: 9:9.82
EXIT

5. FURTHER OPERATIONS OF M ODELLING PROGRAM
In the previous section . the basic operations necessary to run both the modelling program

and output  program were described. In this section , further operations of the modelling program
are described that allow much greater flexibil i ty.  In part icular , facilities are described that allow
repeated alteration to the model and repeated execution of the model wi thout  exiting from the
modelling program.

5.1 Chang ing the Status of Input and Output Channels
The three channels used for input  and output  are described in Section 4. 1.3 . where the initial

status of each channel is g isen by the ‘FILE ’ command. If the user wishes to re-run a model ,
perhaps after making some al te rat ions , it may be desirable to alter the status of one or more of
these char,nels. The log ical un i t  and filename for a part icular  channel is altered by the program
command (termed a ‘channel ’ command)

LOGn: “filename ” ~~
- “channel”

where
( I )  n is an integer . I to 12 , representing the logical uni t  number :  the following list gives

those that  are reser sed , LOG5 being permanentl y reserved :
LOG I—block output  channel  ( i n i t i a l l y ) :
LOG3--—mode l output  channel ( i n i t i a l l y )
LOG S— output  file named BOMM P .OUT which contains the Teletype responses

t~’ped by the user for subsequentl y running  the modelling program non-
interactivel y (see Section 5.4):

LOG 12 - -output file named DEBUG .OUT which contains a complete block
description (i.e. values for each block of X , Xl , X2 , X3 , M , P 1 , P2, and
P3) for each half t ime step during execution : the file is only opened , and
logical un i t  onl y reserved , fol lowing an ini t ia l  ‘DEBUG’ command
(see Section 5, 5 .3)  when the output  is not required on the Teletype .

(2)  “filename ” is a filename without an extension and with a maximum of five characters.
( 3) “channel ” , which is one of the following list , represents a particular input or output

channel :
l , P- - - inpu t  of model specification s ta tements  (to run the model) :
MODEL ---output of model specification statements (to store the model):
0/P--block output.

The above channel  descriptors may be shortened to one character (e.g. ‘I/P ’ may be short-
ened to ‘I’) .

The Teletype may be used as the model input  or model output channel , in which case the
‘channel ’  command takes the form

TTY :~~- “channel”

18
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The Teletype is in i t i a l ly  used as the model input  channel. The model speci fication statements
entered in thi s  way are separate from the commands and control parameters read in using the
Teletype. The status of the model ou tpu t  and block output  channels remains the same unless
changed by a fur ther channel command. However , if the s tatus of the model inpu t  channel has
been changed from the Teletype to reading from a file , i t  re ’.erts  to t he Teletype once inpu t  is
comp leted (see Examp les I and 2 in Section 5.1.2 ). If fur ther  specification statements are re quired
to be read in from another file , the status of the model input  channel would have to be changed
from the Teletype to the new tile ,

Whenever the status of a channe l is changed . ei ther  by a ‘channel ’  command or upon rever-
sion to the Teletype for the  model input  channel , t he s ta tus  of the appropriate  channel  is typed on
the Teletype by the program as s h o w n  in the examp les a Sections ~ 1 . 1  to 5 , 1 3

The use of dif l ’ere nt logical  un i t s  enables tiles to he read from , or w r i t t e n  onto , a spec i f i c
device other than the d i sk  ( i .e. DECtape or magnetic  tape ) .  1( 1 use th is  f a c i l i t y , the ‘ A SSI G N ’
moni tor  command is used : f o r  examp le. to a s s ign  E)E( ’tape E)TA3 to LOG 1 , the user t~ pes
AS DTA3 I to the mon i tor  prior to r u n n i n g  the model l ing  program .

5.1.1 Model Output
In the non-linear spring problem of Section 4 . by using the ‘STORE’ comm and , the model

specification statements were stored in ‘LOG3:MOD I - L .MOD ’ (see Sections 4 .1,3 and 4. 1 . 5) .
The ‘STORE’ command a l l o w s  any one , as well  as all , of the separate groups of specification
statements (i.e. confi guration , parameter , and function statements )  to he stored in the file defined
as the model output  channel.  The three examp les below’ show how ( I )  all the specification state-
ments may he stored in ‘LOG6:SPRIN G,MOD ’ , (2)  the con fi gurat i on.  parameter , and function
statements may be stored separatel y in ‘LOG7:SPCON.MOD’ , ‘LOG8:SPDAT.MOD’ .
and ‘LOG7:SPFUN .MOD ’ respectively, and (3 ) all the specification statements may be listed
on the Teletype by using the Teletype as the model output  channe l (headings are deleted).

Examp le /

*LOG6 :SPRNG M

.t IODI L 0 P TO I.OG6:SI ’R,V(, , ‘101)

*STO

(‘O V , P 4 R . I - I N . OR A L ! , :ALL

Es’am pie 2

*10G7 .SPC ON . \-1

~1O DEL 0 I’ TO L 0(, “ :SPCOts’. .~lO D

*sTO

(‘ON, P.4 R. [‘1 V . OR .11 L :CON

*LO GS:SPDAT M

.‘i!O D EL O P  TO I.0G8:SPDA T, MO I)

•STO

CO.V , PAR, F UN , OR Il.! :PAR

19
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*LOG 7 :Sp FL ”5 ~. ~1

.TtIODEL 0 1’ TO LOG7:.S’! ’I-’I V . . t lOI)

*STO

C ’OV . PAR. I I  .5 . OR ALL :Ft N

*

L’ vaniph ’ 3

* fT\ :

.%lOl) i : L 0 P 10 T T Y. -

*s.L.O

(‘O S , PAR. H . ‘s , OR ALL :AS Confi gurat ion statements in sorted order (see
Section 4 .1.5)

\ Q \./  I.VEA R SPRING J$ ’ITII DA SHPOT
6 A’
9 I 4,5’ ,‘

/0 F 9
17 U’ 45’ 10
4 / 1’ 6 , ‘} ‘ DBLE DOT

4.5’ / 4 ) ‘ DOT

6 c H i o Q J  ‘ 1)0
9 / 1) 0 )01.’ . 01

I~ 2. 0000E - 00 l. 0000E ‘ - 00

j o
/ 1 / 0(11) 1. . 0/ 1. 00001. f 02
8 .0000E . 00 6 4(11 0/ 0/
61)000!: . 00 3 . 60 11) 1-: 01
4.00001.’ . (5) I.6000E . 0/
2. OOGO E . 00 4.0000E . 00
0.0000E 0/ 1) 00 ( 11/I,  - 0)
2.0000E . 00 4. o’ek I: 00
4.0000E , 00 I.6000E-- 01
6 . 0000E ~- 00 3.6000L’ ‘ 01
~ 0000 E 111) 6.4000E.~ 0/
/ . 0(11) OL . 0/ / 00001.’ . 02

*

sua l l y ,  when reading from a file used as the model in pu t  channel , a l l  the statements would
he read in.  However . i t  is pos s ible tha t  the different types of sta tements may need to be read in
from different  sources (t c. Teletyp e and various files) wi thout  reading in all the informat ion stored
in a p an t t c u l a r  f i le .  For example , tw o fi les may each contain a set of ’ confi gurat ion , param eter ,
and func t i o n  s ta tements . 1 he user ns ay ss j sh  to read the  configuration statements from one file
( I  Ic A say t. the parameter  s ta tem ents  from the Telet s- pe , and the funct ion statements from the
other  file ( I  Ic B s a x ) .  The procedure would be as fol low s :

( I )  I se t h e  ‘channel’  command so tha t  File .5 is used as the model input  channel.
( 2 )  T~ PC (‘ON to read in the confi gurat ion sta tements .

20
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(3) Use the ‘channel’ command so that  the Teletype is used as the model input channel;
the parameter and funct ion statements are therefo re not read in from File A.

(4)  Type PAR followed by the parameter statements.
(5 ) Use the ‘channel ’ command so that  File B is used as the model input channel.
(6) Type FUN to read in the function statements:  the confi guration and parameter state-

ments are therefore skipped in File B.
Al though the user is free to redefine the data source for each typ e of statement , it should be

remembered that  when setting up the modr ’, :~~,. cornma~’.ds ‘CON’ , ‘PAR ’ , and ‘FUN’ (if
an~ functions) must he typed in order: the ‘TITLE’ command would also be required if reading the
configuration statements from the Teletype . U n t i l  the model is complete , modifications should not
generall y be attempted b y repeating the commands (except for the ‘TITLE’ command). The model
inpu t  channel onl y reverts to the Teletype on reacno~ ~~c e’~d of a file. I f a  file is not read to its end
therefore , as in the case of File A in the above example , a ‘ch a , , , , ’ command must be used
to ei ther  revert to the Teletype or change to another  file. On Fral .ng an error in the above
procedures . an appropriate diagnostic error message (Appendix B) is given , and control is returned
to the command mode ~sith the model unaffect ed.

5.1.2 Model Input
Having already stored the specification statements durin g a previ- us run of the modelling

program . the user may w’ish to set up the model using these stored statements. Alterations may
then be made after all  the s tatements  have been read in (see Section 53)  from the current input
file.  Because the t i t l e  is included in the confi guration statements when using the ‘STORE’
command , the ‘TITLE’ command should not be used unless the title is to be modified (see
Section ~.3), in w’hich case it should be used after the confi guration statements have been read in.
If it is used before , the t i t l e  included in the confi guration statements ~‘i lI overwrite the intended
title. Consider Examp les I and 2 given in Section 5.1 .1 , where the same specification statements
are stored in two different way ’s. ‘Phe method of reading these statements for both examples is:

Example I

*LO G2 :SPRNG I

MOD EL I P FROM LOG2:SPRNG,1t fOD

* CON

CONFIGURA TIONS

.V0.V-j.I,VE,4 R SPRING WITH DASHPOT

BLK TYP E BI 52 B3
4 / 17 6 ; Y D B L E DOT
6 K
9 1 48 ; I

/0 F 9
17 U ’ 48 10
45 1 4 ,‘ )‘ DOT

* PAR

PA R,4 P~fL’flRS

BLA’ P1 l ’2 P3
6 - 5.0000E 00

— 9 - 1.0O00E~~0l
/ 7  2.000() E ‘ O() 1. 00001.’ ’ 00

2 1
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* F (  N

I t  ‘ . ‘s ( ’ l ’/ O . ’sS
‘15 B1.K 50. 10)

COOR!) PAIRS

- 1. 0000 1. ‘ 01 - / 00001. ‘ 02
S .0000E - 00 6.4000E . 0!
6 , 0000 1. - 00 3.60001. ‘ 0!
4 00011!: - 00 — 1.60(11) 1. - 0!
2.0000 1.’ 00 4. 000 / IF  - — 00
o . ooooi : - 0/ (1 . 0000 1: 0/
2.00X)E . 00 4. 0000j~ 

. 00
4.0000E . 00) 1 60001. ‘- 01
6 .00001. - 00 3.60001. 0!
5’.0000E~ 00 6.4000E ‘ 0/
1. 00)001.’ L 

~/ I , 0000 F - 02

,-SIODEL I P I’ROM LOG2 :SPR1VG.MOD COMPLETED

,t I ODL ’L I P FRO M TT)’ : S ta tus  of model inpu t  channel reverts to Teletype

.-tIO DEL C0.%IPL ETE

L’vainple 2

*LO G6:SPCO N . I

,- t l Of) EI. II’ FRO.tI LOG6:SPCO,V , 5/01)

~ (‘ON

(‘0 .51-/U I R. -I TIO VS

50 \-l.IVL4R ,yJ’RLV (,’ It ’ll/I DASHPOT

BLK TYPE B! 82 B3
4 / / 7  6 ,‘} ‘ DBLE DOT
6 K
9 1 4.5 :

Jo) I” 9
/ 7  ft 4.5 /0
4’~’ I 4 }‘ DOT

.5 /O D 1 L I P [‘ROil / (.U,r S’P(’O.”, ‘t lOD CO, -SIPI,E7’L D

.%IODE L I P FRO tl Ti ’) ’ .

*I O(;6.SpI)A1. J

t I () DEL I P 1”RO %f / 0(,ó - S’P/) .I 7’ 5~ () fl

L ~~~
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P -f  R.4 SIETERS

BLA’ P1 P2 P3
6 5.00001. . 00
9 -1.00001. - 01

/ 7  2.0000 1. 00 1.00001.-.- 00

, SIODEL I P FROM LOG6 :SPDAT .MOD COMPLETED

.SIODEL IP  ER O%! TT)’ :

*I OC6 .~~l)Ft N -

SIODEL I P ERO S !  !, OG6:SP I LV, M O D

FL - N

I I  . \ (‘i’!O.VS

BI.K , V 0 , /0)

COORD PAIRS :

l .0000E ~- 01 — 1.00001. - 02
8.0000E .00 - 6.4000E . 01

- 6.0000E ‘- 00 -— - 3.6000E . 0/
- - 4.0000E ± 00 — 1,6000E ‘ 01

2. 0000E-~ 00 - 4.00001. - 00
0.0) o) OOE— OJ 0,000) 01.- -01
2 .00001. 00 4.00001.4 00
4, 00001. 00) 1.60001.’ ‘ 01
6 .0000E 00 3 6000L . 0/
8, 0000) 1. 00 6,4000E ‘ 0!
/ 00001. ~0/ 1.00001. - 02

~%1ODEI. I P F”RO.%f / O(,6:5I ’Et ‘ V ,MOD COPuIPL ETE D

tIOI) EL II ’ FRO St TT} ’ :

t l ( )  DLI. CO SIPLETE

5.1.3 Block Output
55 b i le  r u n n i n g  the mode l l ing  program , the user may w i s h  to make a number  of separate

. i l t e r i t i o n s  e i ther  to th e spec i f i ca t ion  s ta tements  or control parameters . and to re-execute the up-
dat ed model e . ict i t ime ,  I o preserv e the block output  for each run , the block output  channel may
he alter ed is in the fo l lo w ing  example :

4 . I O (~I :O(”J ’l 0

BI.OCA 0 P 70 1,00!! GO T! .fl.4T

4.
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5.2 File Safety

5.2.1 Output Files
If ’ the user a t tempts  to overwrite a model or block output  fife tha t  is already in existence on

the disk ,  then the t’o l lo w ing  message is typed on the Teletype h~ the program :

BLOCK i!ODEL t O P  TO LOGn :”fIl ename ” .”extensj on ”

I f ’/ J . L O VERWRITE “fl lename ”.”extension ” ON DSK
OK

I t ’ t he  tile i s  to he o x e r w r i t t e n  or w r i t t e n  onto a des ice oth er t h a n  the disk , having previousl y
assiened the dcx ice to the appropriate logical un it , the user i~ pes ~ and the progra m will continue.
Other w ise ,  the user t y p e s  any  other character , inc lud ing  a ‘carr i age-re turn ’. The message

J’III: ,v (‘i-IA ,VGE FILE,V.4 ME

is then typed by the program and control is returned to the command mode. The status of the
model or block output  channel should th en be altered by using the appropriate ‘channel ’
command (see Section 5.1) before cont inuing.  Block output  and model outp ut  files are opened
automat ica l ly  fol lowing the ‘GOE’ and ‘STORE’ commands respectively.

Fol lowing a system failure dur ing  Batch processin g, it may be possible that output files
opened dur ing  the ‘failed run ’ would need to be overwritten when the run is repeated , thus
requi r ing  tn te rac t ion  by the operator. To avoid this , when running  the modelling program non-
in t e r ac t i ve l y  (see Section 5.4), an output file wi l l  be overwritt en automaticall y; in place of the
above messages , the following message is typed by the program:

H A l E  OVERWRITTEN FILE “fi lenam e ”.”extension ” ON OSK

5.2.2 Input File
I m m e d i a t e l y  f o l l ow i n g  a channel  command that  changes the status of the model inpu t

channel , the model l ing  program searches for th e appropriate filename on the disk, If it cannot
be found ,  the f ’o l l o ss i n g  message is typed by the program:

-510 f) EL I P FROM LOGn :”fl lename ”. MOD

“ f i l e n a m e ” . .-t!OD NOT ON DSK

IS IT ELSEWH ERE

It ’ the file is to he read from a device other than the disk (see Section 5.1) . the user types Y and
the  program will  cont inue .  Correspondin g to the procedure with output files, by typing any
other  character , t he message

711EV CH.4 VU F F/LENA ME

is t~ ped by the program and control r eturns to the command mode so that the input file status
may he al t ered before con t inu ing .

5.3 Modif ying the Model
The specification s tatements  stored in a file may be altered or added to using a text editing

program such is ‘TECO’ or ‘F - DIT’ before runn ing  the modell ing program. If it is desired

Whichever is appropriate.
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to reta in  the comments fo l lowing the dollar symbol or to retain an unsorted order of statements ,
it is necessary to make al terat ions in this  way ’ , Alternatively,  specification statements may be
altered or added to by repeating the appropriate command (i.e. ‘TITLE’ , ‘CON’, ‘PAR ’ .
or ‘FUN ’)  at an~ stage after the model has been set up:  the modifications would usuall y be read
in f ’rom the Telet~pe , hut  they may be read in from a file that is being used as the model input
channel (see Sections 5. 1 and 5. 1.2). Alterations may also be made to any of the control parameters
by repeating the appropriate command (i.e. ‘INT’ or ‘OUT’), or to the status of the input and
output  channels.  Follo wing these a l tera t ions , the model is re-executed using the ‘GOE’
com ma nd.

5.4 Non- Interacthe Running and Hatch Processing
To run the modell ing pr ogram in a non-interactive way ’ , all the Teletype input  that is typed

by the user when r u n n i n g  interact ively must be stored in a file named BOMMP .IN.  The
model l ing program first searches for a file wi th  th is  name on the disk:  if it is found , then the
usual  Teletype inpu t  is read from this  file and most messages usually typ ed by the program are
suppre ssed. This fac i l i t y  has been introduced primaril y for Batch processing, but may also be
used dur ing On-Line processing to avoid tedious re- t yp ing of the Teletype input by the user
when it is desired to run a model that , except for minor modifications , has been run previously.
When using this fac i l i ty  during On-Line processing. the messages typed by the program are
shown in the fo l lowing  examp le:

RU BO\1M P

50,-V-LI NEA R SPRING WITH DASHPOT

~~‘ R 1’NNJ.NG **

RUN CPU TitlE : 1.2/ SEC.

EN !) OF E,S’ECUTIO.V
CPU TItlE: 2.62 ELAPSED Tl.%IE: 3.10
F ~I7’

The most convenient way to create a file con ta in ing  the Teletype responses is to perform a
‘dummy ’ run using the modell ing program interactively with al l  quanti t ies set to their desired
value except for the upper t ime l imi t  of integration , which is set much smaller than desired so
t h a t  a m i n i m u m  of Ci’U t ime is used. The Telety’pe responses typed by the user are stored by the
program in ‘LOG5 :BOMMP .OUT’ . The file BOMMP ,OUT may then be renamed
BOMMP. IN and the upper t ime l imi t  of integration changed to the desired value using a text
ed i t ing  program. This method of creating the file provides the user with a check on the file format
so tha t  he can be sure the modelling program wil l  run properly when used non-interactively.

To obta in  the advantages of both non-interactive and interactive running  during On-Line
processing, the ‘MANUAL’  command has been introduced , which returns the program to
interact ive  r u n n i n g  and to the command mode. This  enables alterations to be made interactively
to a model tha t  has been read in non-interactivel y and al lows repeated model executions follow-
ing fur ther  model a l tera t ion s  Even if no al terat ions are envisaged , rep lacement of both the
‘GOE’ and ‘I X I T ’  commands by a sing le ‘MANUAL ’  command is advised and will require
on l ’~ the ‘GOE ’ and ‘I N IT ’ commands to be typed interact ively by the user. If the ‘MANUAL’
command is typed w h i l e  r u n n i n g  interactively, e.g. when creating a file to be renamed
B O M M P . IN  by performing a d u m m y  run (see above), control is returned to the command
mode (i .e.  in effect, no th ing  happ ens except that  the command is written into the file
B O M M P ( ) t J T :  see Section 5 .1 ) .  On returning the program to interactive running by using the
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‘SI A N V A I  ‘ command , t’ur ther  l’eletype input responses typ ed by the user are stored in the
f ile I R U M  A N .OIJT (on 1.0G5), and not in BOM M P OUT

5.5 S liscellaneou s (‘omm ands

5.5.1 RUN
When s e t t i n g  up  a model , t he  ‘R I N ’  comt i i and may he used to in i t i a te  the command

st r i ng  ‘TI TLF :( ’ON . l ’\ R . I t ’N  :I ~~T J ) t , ’F :GOF ’ , If ’ the Teletype is not used as the
model i n p u t  channe l ,  t he  ‘ l l l ’ I F’ comt i i and is ex c l u d e d  because the t i t l e  is included w i t h  the
cot i fi g u r a t i o n  s t a t e t i l e n t s  w hen pres iou s l y  stored us ing the  ‘STORI - ‘ command.  Wher e pa rt
of the  s t r i n g  ha s a l r e ad y  been i n i t i a t e d  by i t i d i x  d ua l  commands , the r ema in ing  Ones are i n i t i a t e d .
If req u ired , the ‘SI OR I ‘ c o m m a n d  may then  he used f ’o l l o w i n g  the  ex ecu t ion .  H a x i n g  set up a
model and executed it  once, the ‘RI . N ’ co ni n i: ii id is eq i it x  a lent  to the ‘GO E’ command  and
could he used f’ol low i ng a l t e r a t i o n s  to the model by ot her commands .

If a fi le is used as the  t iiodel i n p u t  c h a n n e l , the c o n f i g u r a t i o n  ( inc luding  the t i t le ) ,  parameter ,
a n d f ’u n c t i o n  state ments  are al l  t yped  by the program ti response to the ‘ R U N ’’ command. The
Tele t ,  pe out  put ot ’ thes e s ta te t i l ents  may he term i nated by t y  Pt rig ‘‘Control 0’’. It ’ all the model
spec i t i cz i t io n  s ta te m ents  are not stored in the fi le  used as the model input  channel , a message
i n d i c a t i t i g  t h a t  a p a r t i c u l . i r  t~ pc of sp e e t f i c . i t i o t i  s t a t ement  cannot  be found is typed b y the
program :ind cont ro l  is re turned to the command  mode. The model input  channel  should then
he altered the appropr ia te  n u m h e r  of t ime s  so tha t  the r ema in ing  specification statements may
he read in on repea t ing  the  ‘ RV N ’  command .

5.5.2 LOOK
F o l l o w i n g  the  e x e c u t i o n  ot

. 
a t iiode l , the ou tpu t  s a l u e  of any block may ’ he examined by

using the ‘LOOK’ comn iat id.  For the  non-line: i r spr ing problem , an examp le of its use is as
f ’ol loss s , control  being re tu rned  to the command mode out t y p i n g  a blank , or zero , bloc k number:

4 . S  R I ’ S  \ l ’ s ( ,  **

R’. 5’ (‘P1 II 51/ 1.23 .5/ 0 ’

~I .OO

111K 4
O P / 0 / 5 / ! ’  0!

111K 9
0 I’ / , o .’H ( I /  0)/

11/ A’ 10
O I’ .? ,_‘3 ’i i/ :  0/

111K 17
() /) .~ 0901: 0/

Bi.A’ 48
0 I’ 9 2 5 3 5 /  02

L 

RLK Blank block numbe r re turns  control to command mode

*
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5. 5.3 I)l ’ Bt ( ;

I or cacti blo ck , t he  ‘ I  H I . ( command  pros ides the block o u t p u t  value X . the values
\ I ,  \ 2 . and \ the in te g er  p ar a met er  51 . and the parat n eter  x: i l ues P 1 . P2 , and P3 (fo r notatio n ,
see ~~‘c t i o n  ~ I t  I he ,iho se sa l im es  .lre p r in t ed  f o r  each ha l f ’ t ime value dur ing  execution of the
sort l i s t ,  In  response to p rompts  on the Telet~ pe . the user specifies (a) the t im e in te rva l  dur ing
w h i c h  t h e  dL ’t ’ 1I~~gI ng o u t p u t  is required and (it ) whe the r  the o u t p u t  is required directl y on the
l e l c t ~ pe. If ’ t he  response to h )  is a n y t h i n g  other tha n  \ . then  the t ile named I)EBUG .OUT

i s  ~ p eited on I t X ,  12 it ’ it has not a l read y been opened by a p resious ‘DEBUG ’ command. As
i t h  t he  i n p u t  m d  o u t p u t  c h a n n e l ’ ., the  t i l e  1) 1 R I  (i U t ’  I may he w r i t t e n  onto a specific

dcx ice . t h e r  t h a n  the  d i sk  b y . m s s i ~~i i i r i g the  ap p r o p r i a t e  des ice to LOG 2 (see Section 5.1 ) .
\ l i c r  t he  m odel ha ’. been executed , dehu ~ gin ~ (‘or t’u r t h e r  runs  is cancelled. The ‘DEBUG’

c o m m a n d  mus t  the re t ’ore he repeat ed prior to a n y  t ’u r t he r  r uns if debug g ing ou tpu t  is again
r equired  I o oht a i  ii d e b u g g i n g  out  pu t  it  one t ime  ml ue on l y , the l ow er and upp er l imi t s  should
he m,mdc Oie s . i m i i c  I ‘~ t he  n o n - l i n e a r  spring pr obl em. the use of ’ the ‘DEBUG ’ command is
i l l u s t r a t ed  by the f ’ol l  ‘~~‘. cs.i t i ip l e

1) 1 B

11111, / / 51/ 15 1.011 ! R. I lE E R 0.2. 0.3

I”, 0 I’ 10 1 1)  R/ : QRI) -

( r ( ) I’

~~ ‘ R( S \1\~ 
“~~

4 sec \ pp endi  x I - for ‘l’e le t~ pe o u t p u t )

Rf ’\ ( ‘ P t ’  ! ‘ i t !L - 2 .i’4 5L (

5.5.4 I ’RO(~R.~ S1

The ‘PROG R -551 ’ command  enables a n o t h e r  program (e .g T R A N S  to be run w i t h o u t
sp eci f i ca l l y  t e r m i n a t i n g  the  ex ecution of ’ BOM SIP. Once execution of the new - program is com-
p leted, L O l l )  FOi is r e t u r n e d  to the mon i to r , not BOM SIP. I o l lm iw ing  the ‘PROGRAM ’
co mn i at i d ,  the  message

PR O(, R - f 5/ \ -f s t i :

is t yped  ut the I e t e t y  pe b y the program. The user responds b y t y p i n g  the  name ( m a x i m u m  of
f i x e  h , t r , i c t e r s m  of .mno thc r  p rogram.  F o l l o w i n g  a ‘carr iage-return ’, the new program is executed.

5.5.5 R E T A IN
I or e t ch Ho ck w i t h  t y p e  I . TI . t . and / t i  e those requir ing specified i n i t i a l  conditions),

the ‘ R I  I S I N ’  c o m m a n d  resets the  i n i t i a l  cond i t ion  4 m e ,  the first  parameter) to the last ca lcu—
hu ed ‘ i i t r u t  sal ue. \~‘ hen used f ’ol l o w i n g  execut ion  of ’ the model , the ‘RETAIN’  command
c i t , i h l e s  e x e c u t i o n  to he c o n t i n u e d  at  .m la t er  stage dur ing  e i ther  the same pr ogram run or a sub—
sequet it  one. I n the  m i t e r  L . i s e ,  t he  ‘STORE’ conin iand w ould  ha v e to he used to retain the
m odt f m ed i n t t i a l  c on d i t i o n s  in a f i le  t~ r fu ture  use.

6. 1.001’ BRF . tk lN ( ;  RI ,O(  KS
V~ het i sols iii~.’ d i f l ’er e n t i a l  or L l i t l c r e nce  e qua t ions . i t  I s  neccssar\  to break the sort ioop

t h a t  occurs Bl ocks whose m m t p u t  ‘alues are k n o w n  at the beg inn ing  of each half time step
enable t h i s  to he achi cxc d I or dif l ’e r i ’n t , a l  eq u a t i o n s . in tegra to r  and firs t  order lag blocks are
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used, whi l e  t o m di t l ’ere nce equat ion s . un i t  delay blocks are used. Only’ brief descri ptions of these
blocks are gi s en in Table I fur ther  details are given below .

The s acuou s ( 5 )  block is used to break the sort loop tha t  occurs when sols ing an imp licit
eq uat ion .  H owe ser . th i s  block can onl y’ be used in conjunction w i t h  the wy e Y )  block : its use
is t herefore described as a special f ac i l i t y  in Section 8. 1.

6.1 t ’nit I)elay
Uni t  delay 1. )  blocks are entered in order of ascending block number  at  the beginning  of

the sort list  fo l lo w ing  the constant  ( K )  blocks and are the f i rs t  to be executed at each step (see
Sect ion 3 . 2 ) .  This  is because the input  si gnal  to a U block is calculated at the pre x ious half  t ime
step (see d e f i n i t i o n  in Table I so tha t  it is not necessary for the input  Bl to have already been
sorted. Hence, pro s idcd the i t iput  of the U b lock is tiot itself ano ther  LI block , the  ou tpu t  value
N of the E block s def ined s i mp l~ as the output  value X l  of ’ the i n p u t  block B I . The procedure is

tnore comp lex ss hen the  inpu t  to a LI block is itself a t - block: this  occurs when the ou tpu t  value
of ’ a block at the pre vious comp lete t ime step is required. The s a l i d i t y  of the above definit ion of
t he f u n ct i on perf ’ormed by a U block then depends on the order of entry of the U blocks in the
sort l i s t .  l’o avoid th i s  dif l icul ty .  the U blocks are therefore executed in the follo wing two stages ,
w i t h  the f i r s t  stage being comp leted for all the U blocks before commencing the second stage
i mmedia te l y  af ter :

t i m )  Stage I
When t i , N = P1
When t > t~ ,

X X l  if ’ BI is not a U block
N P2 if B I is a U block

(Both X l  and P2 are last  calculated at pre vious half  t ime step)
( it )  Stage 2 (for all  sa lue s  o f t )

No fur ther  calculat ion if R I  is not a U block
P2 X l  if B I is a U block ( P 2  is then used in Stage I at next half  t ime step)

(‘onsider a func t ion  i’ , which  is calculated in a user-defined block , L 3  say , and assume a
uni t  l ime  in t e r s a l  (or step si/C ) and t h a t  the current step value m x k (i .e.  ou tpu t  of the U3 block
is vU )). The f o l l o w i n g  c o n f i g u r a t i o n  s ta tements  show how’ i ’ may be represented at each of the
t ir es iou s  t w o  steps :

3 t 5 vU — 2 )
5 U 6 vU’ ~)
6 U 4 m U  - I )
4 t: 2 vU A )
2 U3 9

6.2 Integrator
(“ on sider the f i rs t  order differential  equation

ii, t cit = .f [1, , i’]

T h e n ,  for the second order Runge K u t t a  ( i .e .  Modified Euler )  method used in the integrator ( 1)
b lock , the dependent variable m ’ . which  is the output  value of the I block , is defined as

t O  ‘ it 2 ) t’ ( ’) ‘ (It 2 ) f [ t .  m’ ( t ) ]

‘‘( 1 / m) == v( i ’) ! i u ( t .- 1 t 2 . v( ( ’ 1i 2) I

wher e  Ii is the  t ime step. It  can be seen tha t  at each half  t ime step. m’ is defined in terms of quan-
t i t i e s calcul a ted p r e s m o u s l ~ . It is therefore evaluated at the beginning of each h a l f t i m e  step before
execu t ion  of the sort l is t  (see Section 3. ’~). Like most other blocks thoug h , an I block is entered
in to  the sort list  on l y  when  i t s  i npu t s  have already been sorted. On executing an I block in the
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sort l is t . t h e  t’unc t i on  / is c . m ) cu la ted  so t h a t  i’ may be derms ed at the beginning of ’ the n e xt  ha ’f
t ime  step as d e s c u i h e d  :mh os c~

The f i r s t  order lag ( ‘I’ ) bloc k , describ ed in Scc t io t t  6 3 . use’. the same in t e gr a t ion  procedure
as the I block. ‘I t i ese b loc k s  toge ther  are numbered in t I me  order in  w hich they appear in the sort
l i s t ,  t h i s  number  is p laced in the integer pa ramete r  51 for each of ’ t hese bl ocks , t hus  providing
an orde r for the esa lua t ion  of ’ v p r io r to ent ry  to the sort  l i s t  at each ha l f ’ t ime step

‘t h e  f a c i l i t y  to reset v to i t s  i n i t i a l  condi t ion  or hold i i  at i t s  cur ren t  a lue  has been included
in the I block by u s ing  the  x : m l u e s  \ 2  and X 3 as sw i tches ’ see Table I ) .  I - or the reset operation ,
t he sa lue  oI v c a l cu l a t ed  pr ior  t o ex ecut ion of the  sort l ist  ix  o ser xx r i t t en  w i t h  the reset value.
It  may  her e l ’ore he j i l l  po r t ah i t  to ensure  tha t  the i n t e g r a t i o n  block w i l l  he sorted before being
used as an i n p u t  t o  a n o t h e r  Ho ck sec Sectiot i 3. 2 , I— or t he  hold op er at io n .  the  sa lue  of ’ (/i (It
is sc t equa l  to ,ero so t h a t  the cii r r en t  x a lue of i ’ is una l te red .

6.3 Fir st Order L a g
‘I he out  pu t  of ’ the  f i r s t  order lag I [ ‘I )  block mx the so lu t ion  of the di f ferent ia l  equation

- P2 /t i/t X I  X 2 \3

f o r  i i i  i n i t i a l  x , m l u e  ot t equa l  to P t .  Except for the  hold and reset c :m p :m h i t i t . wh ich  the TI block
does not h iase .  I I H o c k s  tu e t r e a t e d  in e x a c t l y  the san ie ss ~m y as I b locks :  they are sorted and
ex ecuted Ti t h e  s , i t t e w a y  and use the ‘.ame method of numer i ca l  in tegra t ion . The use of the asso-
ciated i nteger parameter  ~i is  described in Section 6 .2.

7. 1 ~~F R - I ) E F I N F t )  R I . O ( ’K S

oinp lex , m l e L ’hr aic  express ions . w h i c h  may inc lude  special f ’u n c t i o n s  such ax tr igonometric
or exponen t ial t ’u n c t i o n s , can ot i ly  he pr ac t t ca h l ~ handled in a ‘block oriented’ language b~
misc of ’ use r -d e t i i t ed  b lo ck s  In  ( ‘~\1 P- I0( ‘S R I  ) .  these blocks ba se therefore been introduced
and are i d e n t i f i e d  in the confi gura t ion s t a t e m e n t s  by ’ .m block t ype  of the form Um . where m is
.01 t t i t emm e r  not  e x c e e d m i t g  f i f t e e n :  t h i s  n u m b e r  m ay he iticrea sed b y’ s imp le coding alterations to
the  n i ode l l i t i g  pr~~ i . i t i i  I ach b lock ma y  ha x e  up t o three parameters  and three sorted block
I np u t s  ( i s  dcc), i  red in  the  ci ‘ t i f i g m i t  , m t o  ‘it s t i i t e t n en t  I, h ut mas ha se an~ num b er  of unso r t ed  block
in p u t s  \\ h en ret ’ere n ce is made to a block of ’ t \ p e  L ti . t he  quan t i t i e s  required to he calculated
t imu ’.t he d e f i n e d  in .i I ( )R I R \ N subrou t ine  named I ~s l Rrn . I low e s e r .  e ,mch of ’ t h ese sub’
r o i m l m n c s  m ax r e f e r  i ,  othc r  F ( > R I R SN s u b r ou t i n e s  or f u n c t i o n s . ‘SI l  ‘user—de fined ’ sub—

l i t  I iC ’ .  and ‘other  ,ms s ‘c i, i ted su h r o t i t  m ties and f u n c t i o n s  are compiled and loaded in to  core
ss t b  the  co mpiled t i i ode l l i t ig  program ( see Se ct i on 4 , 1 I i ,

\s sx e ) l is the o u t p u t  s a fue  \ of the user-def i n ed block ) ref ’err ed to is t he ‘principal ’
ou t p u t ) ,  ‘a d d i t m o t i a l  o u t p u t s  may  he specified x s m t h t r i  t h e  subrout ines  b y use of ‘user ou tpu t ’
bl ocks These are  i d e n t i f i e d  in  the  c o n f i g u r a t i o n  s t a t e m e n t  by a block type ‘1.0’ and an input
H I  t I l i mI is the a s s o c i a t e d  user -defi t i ed hI m ck number  ‘1 hi e ’~ are not entered in the sort l is t . hut
arc l i s t e d  f’ol low in g  t he i r  ~m s s o c m , m t c d  u ser-defined block w h e n  s t or ing  the model (see Section 3.2)

Because u ’.e l i l l y  he made in these s u b r o u t i n e s  of ‘. m r t ab les  stored t iy the modelling program
in label led ( ( ) 51 \1( )N s to ra g e  .i r eims , .i descri pt ion of ’ these x . i r i ,m b le s  in given in Appendix F.

I or an  u n d e r s t a n d  nv ’  , ‘ f  t h e  rest of t h u s  section, the reader should refe r to the subroutine
e x am p le gi s et i  in \ p p e n d i x  (i -\ model incorpora t ing  th i s  subrout ine  is described at the
end i~t T I l l s  sec t i on ,

I lie sa me mi s er—def i ned  h lock h pe may he m ixe d in more t h an  one conf i gu ra t i o n statement .
55’ t h i n  m iser-def ined s u b r o u t i n e s  t h ie re t ’m m re ,  i t  is ad s sable to as oid referring to specific block
n u m b e r s  for bo th  the  p r i n c i p a l  .mn d add i t i ona l  ou tpu t s . ‘I hi ts  may- he acli ie sed in the following
mar ine r .  St h en i e f c r c , i l c  is made to a u s e r -de f ined  s u b r o u t i n e , the block n u m b e r  B of the

‘pr opr i l i t e  u ’.t’r d c t t i t ( ’d block is stored in ‘I ‘
. w h i c h  is one of the subrout in e arguments  (see

‘
~ ppl ’ i td i  x ( I ( )ul  pu t s  of c m l  Ii block u sed in  the  model arc stored in the a r r a y  ‘(‘ ‘ so t h at t he

p r i n c i p i  I ou t p u t  should he set  in  the ~ir r i ~ e lement  ( ‘ I I ) A d d i t i o n a l  elements should then be
s C t ii c o r l s i ’ c u t i xe  e l e m e n t s  ( ( I  I ), ( I - . 2 t , ,  ‘ t I  N 1,10), where N I. ‘0 ix the number of
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these addi t iona l  ou tpu t s . Sn examp les of ’ a set of appropriate configurat ion statements (for
N L 0  3) i s  as fo l lows :

12 U2 8 5 Principal output  of subrout ine  USER2
13 tJ O 12 I mrst  addi t ional  ou tpu t  of subroutine USER2
14 1)0 12 Second addi t iona l  output
15 I t )  2 Third addi t ional  ou tpu t

U ser-defined subrout ines  enable the user to os e r w ri te the ou tput  N . i npu t s  BI , B2 , B3 , and
parameters  Ph . P2 . P3 of a n y  b lock  , ,‘\s an in ipo r t a t i t  s a f egua rd  ru us ing 1]() b locks , it is t here-
fo re i m p o r t a n t  to test  for c o m p a t i h i l i t ~ bet w een the user-defined subrout ine  and appropriate h O
conf i g u ra t i on  st mt e i ii etit  so t h a t  the ou tpu t  of ano ther  block is not m nad s e r t en t l y  overwrit ten.

For hO block nu m ber N , t he tests are :

( I )  the block is defined as a UO bl ock . i .e. \1TR\ 5*N 4) 3 ( the  type number  of a UO
b lock , see Table I ) :  and

( 2 )  R I  is the associated user-defined subrout ine  block number . i.e. MTRX(5*N — 3) = L
(i . e .  block number  B).

These tests need onl y be performed at the  i n i t i a l  t ime step. i.e. when TEST(5) = I ( see
..\ppendi x F), and are performed in subrout ine  I. OTEST (see Section 9.1). which is part of the
basic modell ing program. I or NIJ O con secuti x e IJO block s , the appropriate statements are given
in t he exa m p le of Appendix G: for a n on-c o n s ecu mus e U ‘0 block number N . the test statement is

I F(TEST( 5) .EQ , I lU ’S LL UO TEST(N . L , MTRX )

The first  four !‘OR [RAN s ta tements  in A ppendix  G would generall y be included in all
user-defined subrout ines , w i t h  the appropriate  s a lue  for m in the subroutine name ‘USERm ’.
For convenience. RI , B2 , B3 , X l ,  \2 . N3 . Ph . P2 , and P3 are obtained in Appendix G from the
app ropr ia te  a r ra y s  for the pa r t i cu la r  user-defined block.

Thoug h onl y three inpu t s  and three parameters are allowed in each user-defined bloc k , for
al l  o ther  blocks , t he ou tpu t  N . inputs  R I . B2 . B3, and parameters Ph , P2 . P3 may be obtained
from the a r ray s  ‘C” , ‘ N I T R X ’ , and ‘PAR’ (see Append ix  G for def in i t ion  of a r r a y s ) .  However .
a kno wledge of the sor t ing process (see Section 3.2) is necessar y to determine whether the block
ou tpu t  sa lues are at the present  or previous half ’ t ime step. For each U0 block , the parameters
P 1 . P2 . P3 and the inpu t s  B2 and B3 may he used , hut  the la t ter  inputs  are not required to be
sorted , since UO blocks are miot entered in the sort list .

When large user-defined subrout ines  are ens is~mg ed . it is ad s isab le to construct a small user-
defined subrou t ine  tha t  refers to other normal F O R T R A N  subroutines and functions. Any
block number  changes may then be confined to the sm al l  user-defined subrout ine ,  thus  avoiding
t ime consuming recomp ila t ion  of large subroutines .

The user-defined subrout ine  in Ari pendix G enables the di v ider , constant , and wei gh ted
summer  blocks used in the model of the non- l inear  spring problem to be rep laced hr a user-
defined block of ty ’pe U I  f see Figure 3). In addi t ion , a user output  block provides an addit ional
o u t p u t  whose  value us the sant e as the replaced wei ghted summer block. It is not suggested that
the  above replacement us necessarily desirable : it is made sole lr for the purpose of presenting
a s imp le ex amp le of the  use of user-defined subroutines.  Given that the model for the non-
l inear  sp r ing  problem has been set up and tha t  the in tegra t ion  and output control parameters
hase heen specified (i  e the model is at the comp letion of Stage 6 in Section 4. 1), the appropriate
mo di l ic a t r ons  are given below ’ :

( ‘(‘) VI ’I GL R, I TIOA’S

B1.A’. TYPE . 8 / ,  82, B3
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St this  stage. the model may’ be run using the ‘GOE’ command : the results obtained will
he identical to those obtained pre viousl y.

8. SPECIAL FACILITIES
The two special facilities described here are the solution of an imp l i c i t  equation and the

representation of discrete sys tems such as difference equations. The two blocks . xs ye ( Y) and
vac uous (V).  required for the solution of an impl ic i t  equation can onl y be used together for that
purpose , whereas the three blocks , un i t  delay (U).  zero order hold (Z) ,  and t ime pulse generator
( T) , required in discrete sys t em s imula t ion  may be used separately in other app lications (see
Table I for the i r  def ini t ions )

8.1 Solution of an Imp licit Equation
An impl ic i t  equation (e.g. v 1( i ). where / is a funct ion of n and possibl y other variables ,

e.g. t ime,  tha t  are independent of v) cannot he solved directly in CSMP -l 0(ARL)  since the output
v a lue of the block that  calculates ~f is required to be its  own input signal: the resulting loop
would thus  lead to~i fai lure of the sort al gc - r i thm.  However , by using Y and V blocks (see Table I),
an impl ic i t  equat ion may he solved. The V block ‘breaks ’ the sort loop, and the Y block performs
the numerical  i terat ion process for calculat ing v : the final  value for u is stored as the output
v alue of the Y block.

As suming tha t  the function I is calculated in a user-defined block , U6 say, Figure 4 shows
the  block s t ructure  necessary to solve the imp licit equation v =f( m ’) . The appropriate block
numbers  shown correspond to the fol lowing set of confi guration statements:

3 Y 2 7 ,1’

2 U6 7
7 V

An y other blocks tha t  are required to calculate f must also have the output value of the V
block as an input  si gnal .  The iterative mcthod i o  used to solve the imp licit equation ,v
is described in Appendix  H. Included in Appendix H is a table of all the quanti t ies printed for
each i tera t ive  cycle when using the debugg ing faci l i ty  (see Section 5.5 3).
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11
I i  should he realised tha t  the numerical  method used to soRe an implici t  equation will not

ac h i exe  convergence f o r  a l l  impl i c i t  cq u : i : to i is . \ ‘e r y  few numerical  techni ques are capable of
s o ) s i n g  al l  problems c’I a pa r t icular  t ype.  The method used in CSMP - l0 ( ARL) ,  which is a sig-
n i t i can t  impr o sen lent  on the somewha t  crude method used in CSM P -lO , should be viewed as a
use fu l  technique tha t  w i l l  in most cases al low the user to solve an imp licit  equation without
has ung to p n ov ’m , u t i i  his  own  numerical  method in a user-defined subroutine.

8.2 Discrete System Simulation
l)us cr e te  syst ems , such as duf i erem ice equ : i t u o t i s , mi la y he modelled in CSMP - l 0 (A RL )  by

us ing  1. 7 . and U blocks 1 5cc Table I ) .  Consider the second order difference equat ion

( 0 , )  = f ’ [ i) i i t  I ). u’(n u 2) ] for in 2 . 3, . . ,

where t h e  s dues ( f )  amid m l  I ( i re k i i o w ii . and the funct ion  [is specified in a us er—defined block .
3 say  - (‘55 1 P- l ) ( i -S R I  ( i s  w r i t t e n  p r i m a n u l ~ for c o n t i n u o u s  sy s t ems  wi th  t ime . t . as the indepen-

dent a r u : ih l e .  St hen dea l in g  ss i t h  purel y discrete sy stern s , the t ime step may be regarded as a
c y c l e  step: this  is achies ed by se t t ing  the pulse t ra in  period ( in  the T block) equal to the t ime step.

or s imp luc it ~ in t h e  follo w rig descript ion ,  these quan t i t i e s  wi l l  he assumed to be one second ,
w h i c h  corr e~pond s t o a u n i t  cyc le  step.

Fhic c on ih ina t i on  of a Z . 1.’. and Z block in series is such tha t  if the output  value of the first
Z block is t I m ) ,  then  the  ou tpu t  sa lu c  of the second 7 block u s m ’(m ’— I ) .  S imilar l y, a Z, U, Z. U ,
and / block series combi na t ion  may  represent i ’ ( n i ) .  iOn I ) ,  and u’ (nm - 2) as the output  value
of the f i r s t , second, and th i rd  Z blo cks re spectivel y . E u g u r e  5 show- s the block structure necessary
to represent the :u h o x e  differ ence equat ion .  The appropria te  block numbers  shown correspond
to the  follow t r ig  set of conf i g u r a t i o n  st a t emen t s :

4 T I S PULSE T R A I N  Block I =
6 7 10 4 tInt )
7 / 12 4 i’ (m— I )
5 / 13 4 iOn - 2)

( 2  U 6
1 3 1 ’  7
0 1 3  5 f [ m ’ ( n r  - I ) ,  t Ot, 2 ]

‘[lie o u t p u t  sa lu e  of each block used, in execution order , is described in Table 3 for each
h a l f  cycle step up to t h e  second comp lete step. l o l l u i w  r i g the i n i t i a l  step (i.e. k = 0). the output
value of each 1.’ block r em a in s  the sante as the Z block t h a t  follows in the series combination of

TABLE 3
BLOCK OUTPUT vAl. L ’ ES FOR A SECOND ORDER

DIFFERENCE EQUATION EXAMPLE

Block Step (k)
number  Ty pe - - - - — ‘— —- . - - -- - —~~~~ 

0 A I 2

12 U u ’ ( l )  i ) 2 )  i ’ l 2 )  m’ (3) i~3)
13 I I  i’( O) u t  I )  i ’ ( l )  i ’(2 ) t~2)
4 T I 0 I 0 I

/ i t l )  i ’ l  t’l 2 i’ (2) u ’( 3 )
5 / i l O )  i’(O) ‘ ‘ I I )  i’( I )  ii 2 )

10 13  u ’ 2  u’ ( 2 )  t ’(3 ) i ’(3) m ’(4)
6 7 u - ( 2 )  t ’ (2 1 t’ (3) r ’ ( 3 ) r ’(4)
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Z and U blocks (see Table 3). By setting the U block parameter values in the way shown in
Figure  5 t h u s  property also app lies at the in i t ia l  step. In order to obtain the correct output value
of the f i rs t  Z bl ock ( m e  block numb er  6) at k 0. u - 12 ) should be calculated using the difference
equ at ion  and used as the parameter P 1 for the Z block.

9. DESCRIPTION OF \I0DELLIN (; PRO C RA M
The computer program structure and storage requirement are briefl y described below’ .

Fur the r  it i t’orn i atuon ma~ he obtained b y referring to the FORTRAN lis t ing.

9.1 Program Structure
i hie computer  progr am consists of a small  main  program ( M A I N . )  used to open the ar ra y s

t h a t  are later expa n ded . a n umber  of major  subrout ines , sarious serx “e subroutines and functions .
~ui i ( l  a Bl .O(’K I) - ~ I 5 subprogram w h i c h  specifies the list  of block t ype  names see A ppendi x I L

9.2 Storage Requirement
Because a r r a y s  are expanded to the required size by the modelling program (see Section

4 . 1 . 2) . it may he necessar s to know the storage dependence on the number  of sarious bl o cks
spec ified.  \t ’hen loaded , the basic modell ing program (see Section 4 1 . 2 ) .  w i thou t  any additional
s u b r o u t u m i e s  specified by the user , requires 12K words of core store ( 1 K  1 024) . On expanding
the  a r r a \ s , the number  of addi t iona l  words required is given app r ox im ate l~ b y the formula

13 N B L K  . 4 N I N T  N D E L A Y  . 3 1 N F U N

where the l - ORTR ’\ N integer quant i t ies  NBLK . N I N T . N D F I AY . and N F U N  are defined
in the C O M M O N  stat ement  labelled ‘SIZE ’ in Appendix F and are the quant i t ies  typed (in the
:iho xe order )  by the user in Section 4 1.2 .

10. (‘ON ( l . I ’ I ) l \ C  R E M A R K S
-\ descri p t i omi  of the ‘block oriented ’ s imu la t ion  language (‘ SMP- lO(ARL) has been

g isen.  t h e  l anguage ,  w h i c h  has been developed from CSMP- I 0 . is w r i t t en  main l y in FORTRAN
It ’ for a P I ) P - I t )  computer .  Three major mmpr ox emen t s  have been made. F u r s t l v , ‘user-defined ’
bl o cks w r i t t e n  us F O R t R A N  subrout ines  ha se  been included. These blocks may have only
t hree sorted I n p u t s . hu t  may h :u se  any number  of unsorted inputs.  ‘Dummy ’ or ‘user—output ’
blocks ha se bee n created , whose  ou tpu t  s a l u e  us defined in the appropriate user-defined sub-
rout ine.  thus a l low ri g an~ number  of outputs  for each of these blocks. Secondl y, arrays necessary
to store i n f o r m a t i o n  on each block used are au tomat i ca l l y  expanded to the size determined by
the user ,  T h i r d l y , the l angua g e  has been divided in to  a model l ing program . which is used to
perform the  model s i m u l a t i o n  and store the output  in a binar y file on a specified storage device .
and an ou tpu t  program , which us used to print and plot the character conversion of’ the binary
ti l e .  A l t h o ug h the model l ing program is designed to be run interact ively from a Teletype , it may
also he runt n o n - i n t e r a c t i x e f y  dur ing  Batch or On-Line processing. A large number  of minor
u n i p r o s en l e n t s  hase been made , ma n y of them being corrections to errors in the available version
of ’ (‘S\ I P - I O . The Tele tvpe messages and responses have been comp letel y revised , and much
greate r de t a i l  has been prosided here t h a n  in descri ptions of previous versions of the Iangugae
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I lie a u t h o r s  are in debted n o the  a s s m s t , m n c e  pros uded h~ 1. J. Packer of the Weapons Research
I s i . i h l u s h r n e n i m , 5.i lI ~ h L u T  Sou th  \ u s t r a l m : m  and to Dr l H - Mi tche l l  of the Computer  Centre
at S R I  - S i r  P a cker  sugg e st ed the  d ex e lo pmen n of ( ‘S\l P- lO to enable the s i mu l a t i o n  of heli-
copter f l i g h t  manoeu x re~ and pro s mdcd the subroutines used in the impro v ed  in tegra t ion  facil i t ies.
I )r ,  51 u m che l l  pros dcii mu Ii s .il u . ,h le  ads ice in the earl y s tages , pa r t i cu la r l~ in imp lementing the

l i i i )  r i t l lpr o s  en l e i l i s ,
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is APPENDIX A

Time Pulse Generator Algorithm

The first  pulse occurs when XI  ~ 0, and a pulse train of period P 1 continues until  X l  ‘.- 0
(if at al l) ,  but is restarted if subseq uentl y X l  ~ 0. Consider the case when X l  ~ Oa t  t = t 1: then

X 0 if i
= I if t~ ~PI ~ I ‘. ‘ (n +0 ’ 5)PI
= 0 if t~ 

(n . O ’5)P I ~~ t .-
~ (it -’- l ) P l

where ii 0. I , 2 and provided X I  does not become negati ve. The parameter P2 and integer
parameter M are used in the t ime pulse generator al gorithm , which is described as follows (h is
the t ime interval  for in tegr at ion — defined in Section 3, 1) :

(a) In i t i a l  entry ’

M =0 : go to( l )

(b) Subsequent entries

(I ) I f X I  ~ 0. go to (2)
X = 0: M 0: exit

(2) If M = I . go to (3)
X = I :  M = I : if P 1 ~ 0, pr in t  appropriate diagnost ic message
(see Appendix  B) and exi t :  P2 = (h— P1) 2 . 0.000l* min(h , P1 ): exit

(3) l f P 2  ‘ 0. go to (4 )
Change X = 0 or I ) :  P2 = P 2 - O ’ 5 P 1:  go to (3)

(4) P2 P2 . 0 ’ 5~h :  ex i t

The q u a n t i t y  min( h . P 1)  is equal to either In or P 1 , whichever is the smallest : the quantity
0 000 1 ~m i n  (Ii , P h )  is therefore an error term that  ensures . when using f loat ing point arithmetic
in a computer , t ha t  the e q u a l i t y  for t occurs at the lower l imi t  (see defini t ion of X above),
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APPENDIX B

M odelling Program Diagnostic Err or Messages
I o d i s t i ngu i sh  the fo l lowing  erro r messages  froni the F O R T R A N  compiler  diagnostics . all

the  messages heloss are preceded by ti n e x c l a m a t i o n  mark  ( !) .  Imite g er c o n i s n a n i t s  are represented by
n and ‘ s . c . ’ u s used to ahh n e s  m a t e  ‘sclf ’— e xp l a n : u t u r r y

. 4 l i ! ~ ~ P1’ 10 1)/I I D E  B }‘ Zf R() / 5  B/ is’ n ssh ei i  us ing dis  ider block

I I  / I t I / ’ I  i’D TIA ’E  SQRT oi~ .4 1. 50 . / , V B/ A’ n - w h e n  us ing  ha l f  power block

B/ A’ 0 1’ (‘ -f 5 5 0/  (,0 / 0  TTY s i n c e  in h i i i tm r y  form

/ 1/ A / RLSI .R t ’ / I) / ‘O R i ’l . tIL ’ s e

/ 1/ A ii I/ IS -I S I/ l EO h i.  B/ A’ T } ‘PE (“ t~~pe ’ ’ ) see Table I for legal block types

-
, B/ A’ ri 1.5 .501’ -l 0 BLK ss hi en a t t e m p t i n g  to  define an a d d i t i o n a l  ou tp u t  in a user-

de f ined  s u b r o u t i n e

111 A ii IS 501 I \ I Bi.A’ s e .

-‘ B / A  n S ( 1 /  f’ .51 1) w lien sge cuf \  rig o u t p u t  b lock s

• C0I) I .  I ’RIOR ‘/ 0 ( ‘ I I.! . TO / I l ’ ) 5 1) C S RI ’cO(; V I S E D  re-load the program: if error
p ers i s ts . keep d t mta  f i les  ar id c o n su l t  o r u g u  n~u t o r

(‘0 t/ tI  I V ! )  ERROR i n v a l i d  pr ogr t un l  comni i a nd  ) see Table 2~ f

( ‘Ott tI - I S J )  50 / 0\ , I  1/ I / / I )  for com man d used in ear l ier  version

• 05  / / ( , , 5  t l . R / ,  1 n ‘ RI I I )  I R () ti t f 0 f l /  I, I I ’  I /I.E s e ,

(‘05 / / (, ,5 \ ,‘) /  ( ‘0 tIP/ El’! s . c.

L RR OR D( RI , S’ (, .%I OI) EI . 1 t / . ( ‘(  i / O  S s .C.

LR R ()  R / S Il/ A’ ii in s  a l u d  c o m i f i g u r a t i o n  st a t emen t  ( sec T a b l e  I

-
, I \ / L 5 .5/0 5 .5 I / R I ; .  I I ) ) ’ 5/ 1’ exte n s i u u n i s . i nc lud ing  period , should not he included in

c li a ii tic I ’ corn m:i nd

/ I / 1/ I tul’T 10 RE I!) 5( 1 \-E,5 1ST/ VT !) SK !“!LE “fi l en ame ”.”exten sion ”
c , u m m s e s  pr u u g r :um i cras h : may occur onl y when r u n n i n g  non—i n teractivel y’

/ / S f /  7 /  t / J  t f (  5 / ’  501’ / / / i ’ / / .Ys ’ Til l 5 !,V/i’! 1/ TitlE s .c.

/ 1 \ (  I S I / f l / f / ) ) R I  1 /)  tRO t ! t!0D/”/. / P I / i .E  s .c

/ ( . 5 ( / 5  5 ( 1/  ( ‘0 t I p I ./ ; / ’ /  s .c .

// / / (, II 1)11 /( / S I %f/ mu st  he 1,0Gm , where n I to 2 (exc lud ing  5). or TTY
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I . t l I ’ROI i~R r i R.4 ti .5I~~, ‘/ / ‘ I C . I i ’/ o .V s.c.

1,V( ’ORRECi’ R E C O R D  . record ” **~~~ t r y  again

‘Is .‘ /.\‘i’EG 5 ( ‘0.5 i ’RO/. I ’. -I R.4 .5/S , V/ - . / ; / ) / - /) s e ,

I . V TL’G.\ /.V1’ER I 1/ , 5 I (  .51’ VOl liE GRE.1 J ’ER 7/ 1 , 1 . 5 TI , %IL ’ R.4 .VGL’ - - s.c.

I V I  ‘ .11./ I )  B/ A’ . 50. s e.

/ TE R~f T/O.\ / . / . ti/’! ’ 0/ m u I , , V ( ’E E / ) E I )  / AR I ’  ~ F B1,k.S’ n & n AT T I M E  t — -

see ‘5gp~’r r u ( r s  F )

/ P ( /3/ A’ ii) / 0  B! A m u 1.5 5 0 1  1)/JIVE!) s c

j  1’ /3/ / OR 1 ii Il l A ni / 5  501 ’ ‘/ 11/; I .5.S0 ( ‘lu L l)  ‘5ER- !) EI” I ,V H)  BLA ’ n - —w hen
the user m u t u t p u n  cu ‘ u r l i g u r , u l  io n sn t i t e t i i en i  u s i ’ i t c u ’u i i p . i t i h l e  ss u th  the corresponding user—defined
st t in e ri t e n i t

‘i i ’  JL’ [‘ OR F /3/ A it 1.5 50 1’ . 1 1 B1,A ’ see F igure  4

-
, I ( ) 0 / ( ’ 1/. .5/ 7 ’ n -I 1.RE. I 1) )’ / 5 .5/. by another  channel

• . 5! I \ 0/ n / 5 ( ‘1.5 / - \ ( ‘LI .  1) 1: 1) w h e n  specif y unig t ’um i ct i o n coordinates

-
, 5! .1 0/  n I I l l  A , ’u / .5 (‘I.E 1)E1) sshemi specif ’s ung  conf i gu ra t ion  s ta temerts

()f ~~ / ~( 1/ /3/.A’.S I 5 (7. 1. 1)/ I) e

• . 5! I .S 0/ n U /l/ . A .5 I ; , ~’( ‘i l  I t t / I  s C .

Si I 5 0/ nu ~~/5 ( ‘ i’) O R /)  P t / R 5  I . \~ I
_
I D / _ I)  see Sect i on 3 , 1 . 3

510 f l / I .  5 ’ )  / I t i / I  I . I / t i l l  c ’ i r l i g u r : m t i o n i. parameter . and f u n c t i o n  s tatements  must
f i r s t  he sct

l iAR !  II A R k  / 0  1)0 a t ( c n u p t  no  execute it i m u del  before se t t ing  in tegrat ion or output con-
trol  p a r a m e n e r ~

• S . ’) ( ( ) / / / ? / 5 / 0 5/ ) !  5(, ( A \ / I~ .5 1 . 4 / I  S f 1  5 /  wh e n  specify ing parameters

• \ ()  ( ( 1  5 / I ( ,, 5 I S  5101) 1, 1. I P  !~‘//.I; s .c.

V0  / ‘i . S (  / . •‘u IS t / (  ) / ) f /  I I ’  I- ’/ / . /; s .c.

SO I’ I R i  51.5 I S  510 1)/ I. I P / ‘ I1 ./ ~; s e .

• 5 0 /  I 5 0 1  ( . 1 /  ( O R/  (0  .5/ / ‘I ’ I RB I 1 .5 when  expanding  arr ays  in ‘EXPAND’

0 P (‘ ( 1 5 I Rt’) / .  P.1 R I 51.5 5 I I I ) E 1)

1’ hR 1 11. 5 I / I / I I f ) ) ’  RI  I I )  J ’RO Si S i A / ) I  j P I I I  / .  s e ,

• F’! RIO!) ( / ‘ / )  I OR / B/ A’ ni s i t  ST BI ~ (~RE,4TER III t . 5’ ZERO —see App endix A

I ’ S  / I t ‘/ 1 / I  .1 / (S ’( ‘/ 55  I ‘re al c m • n l s I : u n t ’ f l O l  S 5 0 /  / 5 / S i when a t tempt ing  to delete
a cu ’  ‘ ru f i  n ate  p . u u r  

- 
~~~~~~~~~~ 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ..



! .SORJ’ / .111 .1 Ri - I l ’  Iil.k it see Section 3, 2

• .5’ 1 5 / I t  ERROR t~~p ing  error or inappropriate  respon se to Teletype message typ ed by the
p r og r a  nit

is
I .S/;R-I)L/I. \E l)  S t ’B RO L ’i ’/ . V /- .’ Vol LO.4 f l E D  / ‘OR BLK n -- when the user has not

loaded the app rop r i a t e  user-defined subrou t ine  or suh r o u t i t u e  used for user-defined
in te rpo la t ion  m u the  f ’u n ctm o n bloc k

39
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APPE N DIX C

U~~r~Defin~~ Interpolation for Function Block

The modell ing pr ogr an ii  a l l o w s  the user to specify up to three separate interpolat ion or
cur v e ’t i t t i ng  (e.g. using lea st  squares techni que ) formulae for use in the function (F)  block. The
a p p r o p r i a t e  fo rmula  to he used for each F block u s d e t e r m i n e d  h~ the values set for P 1 .  Corres-
pond mn ig  n o P 1 I . 2 . and 3. the formula used must  he programmed in the FORTRA N
s u b r o u t i n e s  I N T R P I , I N T R P 2 , a nd I N T R P 3  re spec tu se ly .  The first t w o  s tatements  of these
subrout ine s  (C g. for IN  I RP2 )  take the form

SU B R O E  I I N F  I N T R P 2  ( I . ,  C, S1IRX , PAR . \‘OIJ T. X l \ , 5 1 l IR S T , 51 1 •\ S T , F )
1)151 ENS I ON ( ‘ ( I ) ,  \1 I ’RX( I ) ,  PA R ( I ) . l (  I )

where I ..  ( ‘ , 511 RX . and PAR tire defined in A ppendi x G .
Y0(~ I is the func t ion  ou tpu t  sa lue  set by the  user ,
X I N  us the independent  sar iable  (absc issa )  f o r  which  Y O t ’ T  is required , and
I is an a r r a y  c o n t a i n iu n g  the coordmnate panr s Xl K) . 1( K )
such tha t  X( K )  F ( 2 t K  I )  and \ (  K )  — I~ 2 * K )
for  K = M F I R S T . S1F IRST ‘ I ME .AST

For each F block , the parameter  P3 is used to store \1I~,RST . and the integer parameter M us
used to store the number  of coordinat e p airs . i c  511 ‘\,sT \ I F JRST ~ S
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APPENI)IX I)
is

Block Output for Non-l inear Spring Problem

( I )  I t ibu I t i r  O u t p u t

TIMI BLKS 9 BLKS 4 BL)(• 40 BLMS II
P.011-It -t.lPE+lI 2.001+01 0.001-Il -1.111.12
1.001+ 11 -3.271+00 -1.42 1+00 9.36 1+00 - t . 16 1 . Ot
2.001+00 4.501+00 -6.4)1+00 5.521400 2 .tOl.0l
3.101+00 6.061+00 -6.391.00 -2.44 1+00 3.68 1.1)
4.OPE.00 1.061+00 1.101+00 -4.621.00 3.711+11
5.001+00 -2.021. 11 2.011+00 -2.981.00 - 4.t lE .00
6.00E.00 -3 .681+00 2.901+00 -2.03 1-0) - 1 . 4 1 1 +0 1
7.101+ 00 -2.691.00 8.951-0) 1.84 1+00 -8 .151.00
8.001400 -7.471-0) -4.381-0) 1.841+00 -1 .491+00
9.001+00 8.001-01 -7.971-01 I .t91+00 1.601+00
1.001+01 l.S8 1.00 -7.821-0) 3.741-01 3.16E .00
1.101.0% 1.601+00 -5 .231-0) -2.921-Pt 3.201+00
1.201+01 1.101+00 -1 .831-Pt -6.461-01 2.201+00
t.301.Pt 4.171 01 1.041-01 -6.761-01 8.331-Pt
1.401+01 -1.751-01 2 .631-0) ‘-4.8t1-01 -3.511-Pt
t.501 .Pl -5 .161-01 2 .851-01 -1.971-01 -1 .031+00
t.601.0t -5.001-0% 2.091-01 5.661-02 -t.t61+ 00
t.701.01 -4.37E-Pt 9.t61-02 2.081-0% -8.141-01
1 .801+01 -2.021-01 -t .641-02 2 .431-01 -4.051-01
1 .901+01 1.961-02 -8.351-02 1.891-01 3.921-02
2.001+01 1.621-0% -5.021-0% 9.251-02 3.241-01

2) G r t ip l i i c t i l  O u t p u t

BLI( S 9 1 -1 .001 .01  •+•.+.+••.•~~..•.•.. • 1.001.0) 1
BLK I 4 !  -2.001.01 ** S .S* .* * *.* .* *.* +**  2 .001+0)

TI MI I

0.001-0) • ‘I
1.001+00 I *
2.001+00 1 * •
3.001+00 I S •
4 .001+00 1 * •
S.001. 00 I 4 *
6.001+00 I
7.001+00 I . *
8.001+00 1 ••
9.001.00 I ‘ •
1.001.0) I * 4

I .tPE + 01 I S •
1.201+01 I S +

1.301+01 1 54
1 .4 01+0 1  I *
t . 501 .Ot  ~ ••
1.60 1+01 I ••
1 .701+01 1 4*
1 .801+ 01 I
1.901+01 t S
2.001.0) 1 5

4 1

-~~ 
_ , ‘L.~~~J,J~~~r. T ’
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Al’I ’ENI ) IX F
is

I )cbuggin g Output for Non -I.inear Spring I’rob leni

T IMF B I X XI X2 X 3
II P t  02 03

2.00001-01 9 1 -9.60971+00 3.77261.00 0.00001-0) 0.00001-Ot
-1.00001.01 0.00001-0) 0.00001-01

2.00001-01 10 F -9.29751.0) -9.60971.00 0.0000E-Pt 0.00001-01
II 0.00001-01 0.00001-Pt 1.00001+00

2.00001-01 17 W -8.54301.0) 3.77261.00 -9.29751.0% 0.00001-01
0 2.00001.00 1.00001.00 0.00001-Il

2 .00001-0) 4 / 1.70861+01 -8.54301+0) -5.00001.00 0.00001-01
O 0.00001-01 0.00001-01 0.00001-01

2.00001-01 48 I 3.77261+00 1.70861.01 0.00001-0) 0.00001-01
2 0.00001-0) 0.00001-0) 0.00001-It

2.50001-0) 9 1 -9.42111.00 4.62691.00 0.00001-01 0.00001-0)
I -I.00001.0t 0.00001-0) 0.00001-Il

2.50001-0) 10 F -8.95801.01 -9.42111.00 0.00001-Pt 0.00001-Pt
II 0.00001-01 0.00001-01 1.00001.00

2.50001-Pt Il W -8 .03261+01 4.62691+00 -8.95801.0) 0.00001-01
0 2.00001.00 1.00001.00 0.00001-01

2 .50001-Pt 4 / 1.60651+01 -8.03261.01 -5.00001.00 0.00001-01
0 0.00001-Pt 0.00001-0) 0.00001-01

2 .50001-01 48 I 4.62691.00 1.60651.01 0.00001-01 0.00001-Pt
2 0.00001-01 0.00001-el 0.00001-Pt

3.00001-01 9 I -9 .14701+00 5.37911.00 0.00001-Ot 0.00001-0)
1 -1.00001.01 0.00001-Pt 0.00001-01

3.00001-0) 10 F -8.46471+0) -9 .14701+00 0.00001-01 0.00001-01
I t 0.00001-0) 0.00001-0) 1.00001.00

3.00001-0) 17 W -7.38881.01 5.379)1.00 -8.46471.01 0.00001-01
0 2.00001.00 1.00001.00 0.00001-Pt

3 .00001-01 4 / 1.47781+01 -7 .38881+01 -5.00001+00 0.00001-0)
0 0.00001-01 0.00001-01 0.00001-01

3.00001-01 48 I 5.379)1.00 1.47781.01 0.00001-0) 0.00001-Pt
2 0.00001-Pt 0.00001-0) 0.00001-Pt
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APPENDIX F

is Mode lling Program Common Variables

For each labelled (‘OMMON s ta tement ,  the  F O R T R A N  sari t i b les  appear in the order in
which  they are descrihed t e.g. for ( ‘OMM ON stu ’r ag e  •ur ea labelled ‘ODEVI M ’ , the COMMON
sta t ement  is COMMON ODF VISI  O N l . M , OI)F 5’, 1 1 ) 1  V .

COMMON FORTRAN Declared I)escri p t ion
label ident if ier  t y p e

BATCH BATCH log ical BAT C H = . T R t ’ I  if a file named ‘BOMMP .
I N ’  is found on the disk

= I AL .SE . otherw ise

B U F F  N B U F F  integer Last word number  fi l led in array ‘BUFFER’
B U F F E R (  126) real Block o u t p u t  but ler wh ich  is written into a b inary

fi le  o n l y  when  N BUFF ? 127
NFL .AG integer N F L  ‘\G I pr ior  to ou tpu t  of first block value

- — 0 o the r w ise
XP(’ real Percentage change required for output , divided

by 100 (i c relative change)

DEBUG DEBUG logical DEBUG .TRI, I ,  if debugging in operation
— . 1 •Sl .SI- . otherwise

DMAX real Upper  time limit for debugging
1)51 IN real Lower t i m e  l i m i t  for debugging
l , O G I N I )  in teger  L O G I N ) )  = ‘1’ for debugg ing  ou tpu t  directly

on the t e le ty  pe

L X  l R \ 2  TY(4 8) real l u st of ’ block type names ( i n c l u d i n g  U I  to U 15)

J :I l I ~ P I )F V  integer  Mo del  ou tpu t  device name
I F I L N A ( 2 )  inte ger Model  i n p u t  f i lename
OF II . .N A (2 )  inte ger Block ou tpu t  f i lename
P 11 [.NA I 2 ) integer Mode l  o u t p u t  f i lename

FIRST FIRST log ical I - I RST = T R U E .  for block output at initial
t ime

= 1 - A L S E .  subsequentl y

I IN  I S P  LIN  ESP( I )  int eger L. l N ESP( I )  ‘( I  H) ’ arra y containing format
sp e c uf i c ~i n i o n i  to correct line spacing following
the change in the FORTRAN operating system

front ‘FORSE ’ to  ‘FOROTS ’

N E W F I L  N l’ W ’F IL . in te ger  N I ’*k’ l I I  = 0 if block output  file has not been
w ri t ten Onto

I other w ise

N U M B  NOD integer Number  of U blocks used
N F Q integer N u m b e r  of I and TI blocks used
N F G  integer  N umber  of I blocks used
NCON integer N u m b e r  of K hl~ cks used
N 1.1ST int eger Total numbe r of blocks used
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APPENDIX F (continued)

OMMON FORT RAN Declared 1)escr upt ion
is labe l identi fier type

N U M B A  N U M B A  intege r Numbe r of h l o L k s  t~ be ou tpu t

ODEV I M O N U M  integer Block ou t put  logical u n i t  n u m b e r
ODEV intege r Block output des ice name. u c LOGn
IDEV intege r Model input  des m ec name

PDEV IM PNUM integer Model ou n pu i  logica l u n i t  n u m b e r

SIZE NBLK integer M a x i m u m  block number
N I N T  integer M a \ i m u m  n u m b e r  of I and I I  hI k 5
N F U N  intege r M a x i m u m  numbe r I I h l o L k s
N DELAY integer M , m xi  n m n i u i  n u umher  of I h l ~ ck s
NPNTS integer Number  of coordin ate p a i r s  used in I - blocks

TEST TESTI integer TEST I I i f  model inpu t  f i l e  not opened
2 1 opened but not completely read
I ) ml con n p let eI ~ read

TEST2 in teger M odel i n p u t  I~ g u . u I  u n i t  num be r .  if  equal to 5 ,
Telet y pe used as rn de l  i npu t  channel

TEST3 intege r I I  S I  2 i t  f u n c t i o n s  h ase been read in
m o t h e r w i s e

TEST4 integer I I  ST4 I i t  no I h l m s , k s  in the model
2 if da t , i  f~~n I b l o c k s  not comp letely

r e.id in
if corn p let e l~ re id in

TESTS integer i l  SI  ~ I f o r i n i t i a l  t ime  step
2 f o r  each h i l t  t ime step

for each co m plete t ime step
4 for er ror dur ing  ex ecution
S for run  te rmina ted  by t y p i n g
~r for run  t e r m i n a t e d  hx a Q bloc k

TEST6 integer N u m b e r  representing location of last character
in i nput  record read in - when  rFST€ — 0 or
TFSTÔ 2 , new i n p u t  record is read in

TEST7 integer TI SI  ) if i n t eg ra t ion  parameter s no) read in
2 o therwi se

TEST8 integer TEST8 I uf ou tpu t  contr o l  parameters not
read in

2 otherwise
TEST9 integer TEST9 I i t  soit pr ocess not  comp leted

.2 it sort process successfull y corn-
f lfr t ed

TIM DI real In tegra t i o n  u i i t t ’r s ,il h
DTS2 real /n 2
TTOT real Final  t ime
TZERO real I n i t i a l  t ime

TITLE TI TLE ( 12 )  real Ti t le  (up  to 6O characters )

V TSAMP real Output t ime interval
-. T real Time value , r
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.&Pl~I:NDIX (;

E xample of t ’ser-Defined Subroutine

SUBROUTINE USERI ( L .C . P ’ IT R X , P A R)
INTEGER T E S T , B t , B 2 . B 3
COMMON/ T EST / T EST (  9)
DIMENSION C ( l ) . M T R X ( I ) . P A R I)

C
C • + ++• + •++ ++• • G + + + , •+ . + . . . . + i+, , . , +++ , ,+++ + ., , . , , . .. . . . . S . , , + . S . , ,

C .
C • L I s  THE BLOCK NUMBER 3F THE USER-DEFINED BLOCK I THE SAME
C • SUBROUTINE CO IL D BE USED BY OTHER BLOCKS.
C .
C • C( N)  IS  THE OUTPUT OF BLOCK N AT THE CURRENT TIME J C C L )  MUST
C • THEREF ORE BE SET EQUAL TO THE PRINCIPAL OUTPUT OF THE
C • U S E R - D E F I N E D  SUBROUTINE.  S INCE TIME IS STORED IN
C • BLOCK I. C C I )  I S  THE T IME VALUE.
C .
C • MTRX IS  AN A R R A r  SUCH THAT FOR BLOCK N

C • MTRX ( 5* N- 4)  • TYPE NUMB ER
C • M T R X ( 5 . N - 3 )  = BI
C • M T R X C S * N - 2 )  = 82
C • M T R X ( S * N - I )  • 83
C • M T R X C 5 . N )  • Q U A N T I T Y  DEPENDEN T ON BLO CK TY PE AND
C • I N S E R T E D  BY THE MOD ELLING PROGRAM
C ,
C + PAR IS AN ARRA Y  SUCH THAT FOR BLOCK N
C • P A R ( 3 S N - 2 )  Pt
C • PA R C 3 S N - I  • P2
C • PAR C 3*N) • 03
C .
C • T F S T S) • I F ) R  I N I T I A L  T I M E  STEP
C • 2 FOR EACH HALF T I M E  STEP
C • = 3 FOR EACH CO MPLETE T IME STEP
C • r 4 FOR ERRO R DURING EXECUTION
C .
C • OTHER ELEMENTS IN ARRAY ‘ T ES T  ARE NOT REQUIRED IN THIS
C • EXAMPL E
C .
C •+ • • •. • . . . . , . .+ . .~~~ ,+ . + . + • . . . . + + • . ., . . .+,• S + + • • + • • +S • ++ + + + • + + ++ + + +

C
C NUO • NUMBER OF CONSECUTIVE tJO BLOCK S
C

DATA NUO/ I /
C
C TEST FOR C O M P A T I B I L I T Y  OF 110 BLOCK S W I T H  USER-DEFINED BLOCK
C T E S T ( S )  IS  S ET EQUAL TO 4 IN SUBROUTINE UOTEST IF INCOMPATIBL E
C

I F ( C T E S T C 5 ) . G T . I  ) . O R . ( N U O . L T .  I ) ) G O  TO 20
DO 10 J r l . N UO
N~ L.J

t O CALL L ’ OTEST C N . L . M T R X )
I FC T E S T ( S )  • 10.4)  RETURN

45 

~~~~~~~
. . ~~

— ——. .- -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~ - -—. ~~~~~~~~~~



~~~~
— — -F- . — - . _ _ _

AI’I ’FNDI X G (continued)

C
C INPUT VALUES AND PARA ME TERS OF USER- DEFINED BLOCK
C
20 BI M T R X C S . L - 3 )

B2 -MTRX ( SSL -2 )
B 3z M TRX (  5Sf.. - I)
K s _ B
X 2 0
X 3- 0

IF ( B I•GT. 0)X l-C (B I)
I F( B2.GT.  0 )X2 - C ( B2
IF (B 3. GT .0)X3.CC83
Pt - PAR C 3eL-2)
P2-PAR C 3aL- I)
P3-PARC 3*L)

C
C OUTPUTS OF USER-D EFINED AND UO BLOCKS
C

A - P t

B-P2
YDO T — X I
F X 2
C CL . 1 ) BS Y DOT.F
C C L ) - C ( L . I ) / A

C
RETURN
END
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APPENI)IX H

Iterat ne Method for Solving an Imp licit Equation

The algor i thm used to sol se t in imp licit  equatio n u ~) ii us given below (refer Figure 4
a nd def in i t ions  of ‘~ t ind  \ blocks in Ttuh le I ). where ii us the i terat ion index (i.e. t ’(n) is the
approximat ion  f o r  u t u f t e r  ,, i t e r a t i o n s  and n )  us tin improved vt ul ue of .u’(n))

pi 0
f( ,u) = i wh en  t

= u - at I Ii 2 when  t

( I )  t ( Pn  I )  f (  ~( ‘u ) )
I t ’ iz 0. go to ( 2 )

- I )  u ( n  1 ) t  go to (3)

( 2 )  a [ i ( n  I )  v (n) J E~( ’n ) f( ’n I ) ] :  q a (a I )
I )  q f ( i n )  ‘ ( I  i / h ( f l  . I )

3) If  .~( ‘u ) 10 311 go to (4 )
If ~(,n ‘ I )  10 ao co to (5 )

t 4 )  If  i~(n . I )  f ( i n )  j~(n) Fe, go to ( 5 )
ii ,u 1
If ~n > Ni . pr in t  app roprit ute di agnost i c  messtige I sce Appendix B) and go to (5)
Go to ( I

5) v —- f(n . I ) ;  ex i t

Al l  the  quan t i t i e s  ct i l cu lal ed ah ox e  tire stored e i ther  tm s block output  values or parameters
of the blocks used These q u t u n t i n u e s  tire p r in t e d  tin each i t e ra t u on  when using the debugg ing
f . i eu l t t y  (see T ;ihle H I ) .

TABLE H. I

I)escri ption of V and V Bloc ks (‘orresponding to Debugg ing Output

Block Type X X I  X 2 X 3 M P 1 P2 P3

V f (n)  Nv n - 0 c’(n—l) v(n)
V ‘ I )  t ’(n . I )  f (n ‘ I )  — n Ec Ni or a’ q

P2 Ni for i n i t i a l  and final  i terat ion s
a ot herwus e
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APP ENDIX I

(I) Modelling Program Structure: Major Subroutines

Name(s) Effect Section(s) for
Reference

\1 A l N Controls  the flow of the progrt um —

CSMO Zeroes appropriate quant i t ies  —

CSMI Reads in confi gura t ion  st tutements  3.1.1 , 4 .1. 4

( S M 2 . (S\ 13 Sorts confi gura t ion  statements 3.2

( ‘ S\14 Reads in parameter  s t t m t e n l l e n t s  3.1.2 , 4 .1 , 4

(~SM5 Reads in funct ion statements 3.1.3 , 4. 1 .4
( SM ( ~ Outpu ts  model spec i f i c a t ion  s ta tements  4 .1.5 , 5. 1.1

( S\ 1~ Reads in in tegra t ion partimeter s 4.1 .6

( S M  .
~

.\ Reads in ou tpu t  contro l  pt lr am et ers 4. 1 .6

( 5\I 10 , ( ~s \1 I I \ eeut e s  the model 3.3 , 4 .1 .7

( S \1S  Ou tp u ts  block s-aloes in to h inua rv  file 4.2

‘~ \1 I E n a b l e s  e x , u r n u n t u t i o n  ol ou t p u t  at f inal  t ime value 5.5 ,2

41(
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APPENDIX I (continued)

(2) Modelling Program Structure: Serv ice Subroutines and Functions
Section(s)

Ntin ie(s)  F fkc i for
Reference

CHARSI- l ’ ( ‘ed by ‘PR N I  ‘~ P and ‘BLKIN to sh i f t  al p ha-
nut i l e r i c  cha r a c te r s  stored in a F O R T R A N t m r u a h ! e

C H G I F L  \\ het i nno del i n p u t  us  comp leted o r a pt u r t icu l tu r  f i l e . 5. 1 2
used to rex em t he  model m u  pu t  channe l  to the I e l e t y  pe

( I ’I .’± Oht t i ins  (‘PU ru i n t ime  -

l ) I N G  Sounds bell on the Telet~ pe -

I OFCH K Checks for en d of ’ mode ! i n p u t  f i le  5 . 1 . 2

F XP. .\N f t t  Expands  an arr ay to the defined number  of e lements  4 . 1 . 2

I - ( ’H F C K t  Se,m r clies for ti f i l e  on the d i S k  -

} :I NP I  T. K I N P I . - I I. ’sed no read in da t tu  in the f ’o rn n  of u n - d i s  dua l  c l u . m r t m c t e r s  —

GTITL I -  Reads in t i t l e  4 . 1 4

I N B L K S  I sed w i t h  ‘CSM~ .-\ to [L a d  ri o u t p u t  b lo ck numbers  4 . 1.6

I N Ol  ‘F . GET N . ‘\ ~m l Processes the  c h a n n e l ’  comn it ind  5. 1

L E R R O R  I. seL l by d u m m y  x c r s m ~~ns of ’ u ser-defined s u b r o u t i n e s  4 .1 . 1
to record er ror  ,ind t~~pe d i . u g n i o s t i c  e r ror  message

OP [.BF (‘onip letes Hoes u t p u t  f i l e  4.2

ORC I. ~~~ to i ,ner n~~r 1 c xs ( n e t h e r  u f i l e  may  he ox er ms r i t t e n  5 .2.1

OUT O u t p u t s  d e h u i g e ’u n g  u n l ’o r n i . u n  ion 5.5.3

PACK ( s e m i pack dtita u n t o  a hunt i r y  t i le  4.2

I’R Ni \ I~. BLK I N . t ‘ s~d w i t h  ‘( S’mI ‘ 
~mnd ( S \l n to o u t p u t  con f i gu ra — —

BLKO I r. (‘H K I R t m o n ~ st , u t e l l l C l i  t s

R I ’ I  Al  N i b locks r c qu i ru in ~.i i n i t i a l  c o n d u t t o n s . sets  the f i rs t  5.5 .5
p aramete r  equti l to the  I , is i  c t i l eu l t t t ed  out  put  value so
tha t  e x e c u t i o n  may  be c o n t i n u e d  tin a later st . u g e

R E)( ’ I ‘ sed to d e t e rmi n e  xx he ther  a f i le  ma y he read from the 5.2.2
dis k

R I  \ - \H o s s the  user no run ano ther  program ( e.g.  t ’R A N S I  5.5.4

SI i .  SI F ( O \ t  O u t p u t s  t i t l i n g  an d t i n n i n g  i n f ’ m r u n i , r t i o n  and block labels 4.2

STOR 1 . I ~1 I N  I sed n o m an ip u la te  func t ion  da ta  3 1 . 3 , 4 . 1.4

Searches model i n p u t  t i l e  f~~r t u pt u r t i cu l , i r  type of s ta te—
one n

I I \ t Ot  I O u t p u t s  ( Pt ru n  t i m e  — —

TT\’( Il K+ sed to check i f ’ ’ ’ ’ ’  h tu s  been t~ ped du r n ng  a run 4 .1.7

O I l  SI Ie s t s  fo r  comp a t i b i l i n  x of t O  block xs Oh user—defined 7
block

A R I .  I n b r a r y  subrou t ine s .
t Wr i t t en  in MA ( ’RO - IO .

L 
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AERO NOTE 362
FIG I

Bi 
)(1

:)m
82 X2) 1 J B ”

>- >X
B3—

(a) Parameters P1 , P2 , P3 are shown left to right ,
If only one is shown , parameter is P 1.
If two are shown , parame ters are P1 and P2

(b) Output values Xl , X2 , X3 of blocks B 1 , B2 , B3 are shown top to bottom.
If only one is shown , i t is X l .
If t wo a re shown , t hey are Xl and X2

5-

BLOCK DIAGRAM NOTATION (refer Section 3.1 )
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AERO NOTE 362
FIG. 2

(a) B lock diagram (refer Fig . 1)

P _ _ _

V 

_ _ _ _ _  

b i  ‘ ‘

by + f (y )
17 W F

4 / f( y)
-a

6 K

-a

(b) Differential equation: ~ 
= _ [ b i~ + f ( y ) ]  Ia (Integration in terva l , h O. is)

(c) Parameters: a = 5, b = 2 , y0 = —10 , 
~~ 

= 0

y —10 —8 —6 —4 —2 0 2 4 6 8 10
(d ) Fur t c t ion f ( y ) :  

f (y) —100 —64 —36 —16 —4 0 4 16 36 64 100

(e) Output: y, ~ , ~j, f (y)  from t = 0 to 20s (Inter val = is)

(Continued on next page)
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AERO NOTE 362
FIG. 2 (cont.)

(f ) Configuration statemen ts

4 / 17 6
6 K —a
9 I 48 y

17 W 48 10 by + f(y )
48 I 4
10 F 9 f(y)

(g) Parameter statements

9 —10
17 2 1
6 —5

( h ) Fun c t ion statemen ts

10 block number

— 10 —100
—8 —64
—6 —36
—4 —16
—2 —4

0 0 . coordinate pairs
2 4
4 16
6 36
8 64

10 100

“

NON-LINEAR SPRING PROB LEM
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AERO NOTE 362
FIG. 3
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I
REPLACEMENT OF (a) DIVIDER , CONSTANT , AND WEIGHTED SUMMER
BLOCKS BY (b) USER-DEFINED AND USER OUTPUT BLOCKS
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AERO NOTE 362
FIG 4

~~~~~~~~~~~~~~~~~~~~~~~

BLOCK DIAGRAM FOR SOLUTION OF THE IMPLICIT EQUATION y = f ( y )
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AERO NOTE 362
FIG. 5
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