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The ‘block oriented~ vi mulaiio,i Ian guai ,’e ’ (5% !?— lO( A RL) consists of a modelling

program . which perfor,ns i/it’ m ode’! simulation and stores the OUtput 1,1 a binart’file , and

an out put program . which pr Ints and p lots i/it’ character co,it ’er.s ion of the binary file.

The output program which is described here . i.s written mainly in FORTR A N I for a

PI) P-l () computer and i.s controlled interacti vch ’ from a Tel etipe. Al though the’ output

program has beem, written pr imari ly to he used in ( on/ unction with the modelling program ,

it may also be used as a general purpose ’ out put program by using a s upplied subprogram

package. Til t’ program provides Teletype and line’ p rinter output in either tabular or

gra phical form and incremental plotter output in the for,,i of ‘ s t r ip ’ or ‘overlay ’ plots.
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1. INTR ODL C11ON

When performing compu ter simulations of col it iiiui ius and discrete dynamic ss st e m s , large
amounts of output data are often generated and presented is t ,i bles or plots of .ir iahles as

functions of time. Since much of t he program ss rit ing is concerned st i th outputting the data.
simulat ion languages . ss ith their geiieralised output foci li lies . oiler mans advantages to the pro-
grammer . bot h in convenience and econom ics ol elton - f l os s ese r , .iii idea l form of output is not
a lss a~ s possible because of ’ limi t at i o ns in the ‘.~t r ei~ of outpu t presentation.

In developing a modified se rsion of the ‘block oriented’ simu lation language (‘SMP— 10. 1
called (SM P- l0(A R L. ).~ one of ’ the major c h a n g e s  made has been to dis ide the language into
a modelling program named l4( )\I \1 P (Block Oriented \l:ulnL ’in,itic. iI Modelling Program)
and an output program named I’RA N S ( Fr.i ns l,i iionL lIne modelling program is used to
perform the s imulation and sto re the out put . a t  the completion 1 eac h time step, in hi nary
form on a specified storage des ice. The out put program is used to print and plot the character
conversion of’ the hinar~ file in either tabular or grap lilL il form In ( S\1 P— 10, ss hich \5 as

developed from (SM P—9 ,3 a s ignif icant amount of c h i c  sioi, i~~ ’ is used to code the output section
of the program. B~ dividing the l,inguaL’e into tss o parts , the amount of core storage avai lable
for each process is signif icantl y increased. This ,illossed more foci l it ies to he included in both
the modelling and output sectio ll of the language :15 ~s ef f  as increasing the s u e  o f the problem
that can he handled. Because the ‘ rass ‘ output data arc stored in a file in hi nar~ form h~ the
modelling program . S arious forms of out put of t lie same data ma~ he obtained w i t hout repeat-
ing t he simulation A saS i rig of storage is made in the binary file h~ stor ing an out put value on
it’ it cliaiiges h~ more t han a prescribed percentage from the salue last sto red.

In Reference 2. S5 hich l’ull~ describes the modelling program. on ly a brief account of running
the output program is giscn a full description is gisen here Although t he output program has
been ssri uen primaril~ to he used in conj unct io ii ss oh the modelling program, the output
program ma~ a lso he used iidependent l~ as .i general purpose output program . prox ided
data are supp lied in the appropriate I irrii.it. ..\ ss it h B() \1 MI’. the program TRA NS is
designed to he run interact is el~ from a lelet pc

The output program 5 \S ri tt cn niainl~ in l-ORT R -\ N l\ f o r  t h e  P1)P- 10 I ORTRAN
compiler ‘1-4 () \ ersio n~27’ running tinder the opcr~uiuiig s\  stem ‘F:OR() US’ , The program pros ides
Telet~ pe and Ii tie printer out put in either tabular or graphical form and incremental plotter
output in t lie form of ’ ‘stri p’ plots ( I t lie f ’o rm produced by a mult i—chair tie I cli art recorder) and
‘over la~ 

‘ plots (.i sing le grap h for up to ei g h t output sa r iab les) .
The output f i fe obtained h~ running BUM \l I’, ss hicli becomes the input file for TR .\ NS .

includes the time l imi t s an d inter sal , a t i t le, uid labels idc ni t i f ’s ing all the sar iab les . Subject to
some restrictions , t hese m,i~ he redefined . For grap hical output , cons en ient sc, ile limits are cal-
culated h~ I R -\ N S . l iosscs c: . t hese l imits nii:i\ he defi ned h~ t he user.

The basic operations iii the output program necessa r~ to produce I clet~ lie output are gisen
in Sect ion 2. and in Section 3 are described the open .u i n s  ss Ii cli enable the user to

(a) obtain line prnt lter and incremental plot ter  Out put .
(h i  redefine the time parameters and labelling info rmation , and
i n )  define the scale lniiits used for ~n. ip liic:iI output.

With the aid of a complete esamp le. Section 4 ~h~iss s boss the output program ma~ he used
w ithout running the modelling program. and in Secti o n ~ a description is gisen of the structure
of th e computer program and the input file.

2. BASI(’ OPERAt IONS OF 01 TN 1 PR OGRAM

This sect io n ex plains hots , using basic operat ions . the output program rna~ be run to
produce Telets pe output. Much of this section is contained in Reference 2. hut is included here

— ~—- - -  - -‘ - - -——--—---—-----



for comp leteness of presentat ion. In the block oriented language CSMP-10(ARL), t he output
var iables are referred to as blocks , and each block is identified h~ a number, The file containing
t he output values of these blocks is therefore referred to as the block output file to distinguish
it from the model output file, which is used ~iy the model ling program to store the various state-
ments spec ifying the current model. 2 The output (stored in the block output file named
OUTPI. DAT) produced by the non-linear spring problem of Reference 2 is used below to
illustrate the operations of TRANS. Errors and their diagnostic messages are presented in
A pp2ndix A.

2.1 Setting up the Program
For the PDP-l0 computer the relocatable binary file TRANS.REL is first loaded and a

core image (TRANS .SAV} is saved. Execut ion of the program is then initiated by t he user and
the filename (ts it hout extension) of the block output file produced hr running BOMMP is typ ed
by the user. The filename. ss hich is OUTPT for the examp le shots n. has a maximum of five
characters. The output program then t~pes t he title, date and time of creation of t he block
output tile. integration interval , run (‘PU t ime, and time parameters , followed h~ an ‘*‘

, which
signifies the command mode Nec heloss l A n  examp le of how to set up the program in the above fmanner is shoss n below :t

RU TRANS

I P FlLE~\’ 4 %/F OUTPT I stension name ‘DAT ’ is assumed

,\ O V-LI.\ LIR SPRIVU lUll’! ! I),’lSlII’Ol’

ii’ F/I.E RECORDED O.V 2/- 4/ ’R- o ~ r io 5

/ V lF(,~ /.\ I IJ) OfE) E H I R~ \ ( ‘H II ~l / / .‘~~ Si

T/ . % I L  F RO.tI (1.00(X)!.’ 0/ l’O 2 (EI(X i/ 0/ I \ S / I  I ’S 0/  / ~s / (N)

*

Although the filename ex tensio n is i i i  ~N’~ ii ich t  hs t he user, t he esten s ion name ‘ DAT’ is
assumed. If. in the ahose example , ,i IiIc i,iiuii ’d ( i t  I I ’  1 I \ I is ii t found on the disk , the
message

OU TPT.D.4T ,\OI  0’s 1)15k

II’ I-il / . \ f ‘i / I .

is t\ ped h~ the program so that a nets f i len ame ma~ he spcci iied
As ss ith the modelling program , t he output p r ’~ r.itii is iii r ‘I led h~ comma nds. sshich are

typed h~ the user isheneter an ‘ ‘ is ts ped hs t l ic progrini Ii e ss henes er control is at the com-
mand mo de). The comman ds ma~ he sIn ‘r t i’iied to thr ee h.i r.tc iers and are listed s~ ith bri ef
descr ipti ons in Table I

B~ using the appropriate co mmatth t s . tic ~ n more p .i rii cu l.i r is pes output may now be
s pecified. To process the input t ile, producing t.nhular or gr .iphiu ~ il output. the ‘( it )l ‘ command
s hould follow . (‘ontrol is then returned to the comman d ini~’dc Repeti t ion hI the appropriate
command for a particular t~ pe 1 oOt put before the ‘ ( 1 ) 1 c iii 111.1 t t c f  - del e te s  the effect of the

t Te letrpe messages t’~ped h~ the user are s hoss n in hold upper case : messages type h~ the
computer program are shoiss n in italic upper case (‘omments on Telct~pe messages are shown
in upper and losser case print alongside the appropriate message.

L. _ _ , _ - ‘  . __._.=_ __ - - — - - - 
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TAL3I .E I
Output Program (‘ommand s

A ll commands may he shortened to three characters

Section(s)

Command Efl’ect for
Reference

EXIT Returns control to the monitor 2 . 1

GOE Processe s the input tile to obtain tabular or grap hical output 2 .1
for the commands ‘PR(’OI.U\IN’ . ‘PRPLOT’ . ‘PLSTRIP’ ,
and ‘PI .OV I- RLAY ’

LA BEL Enables modif ication and addition to labelling information 3. 2

PLOVER l AY  Specifie s ‘oser la~ ’ plotting on the incremental plotter 3.5

PLST RIP Specifies ‘strip ’ pfot t in g on the incremental plotter 3. 5

PRCOLUM N Specifi es tabular output on the line printer or Telet)pe in the 2.2 . 3.4
form of ’ printed columns

PRPL.OT Specifies grap hical output on the line printer or Teletspe 2.2 . 3,4

R t IN Equis alent to the cniniriiands (in order) ‘PR(’OLU MN’, 3.6
‘PRPLOT’ . ‘PLST RIP’ . and ‘601- ’ if any form of output
is not required. a ‘carriage—return ’ is t~ ped in place of the
block numbers

SCA LU Fnahle.s tIre user to s pccif\ scale limits used for graphical 3.3
output

TIM F Redefines time parameter s 3. 1

previous use of ’ t hat command : repetition after the ‘(i( )l ‘ comman d, results in additional
output. Control is returned to the monitor h~ the ‘I X I I ’  command.

2.2 Teletype Output
The commands ‘PR(OLUMN’ and ‘PRPLOT ’ are used to obtain tabular and graphica’

output respectivel y (in either the line printer or Te let~ pc On the graphncal output . line spaces
correspond to equal increment s in time (or depet ident variable ), and column spaces correspond
to increments in the out put variable s . For each of these commands. the required block numbers,
w hich are separated b~ arv non-numeric character . are first listed. They may he t~ ped on more
than one line. each line consisting of ’ a max imum of 72 charac ters , and the list is term inated by
tst O consecutive ‘carriage-returns ’. If all the block numbers are required . t he user may type A
in place of’ the indis idual block numbers , in which case a sing le ‘carriage—return ’ term inates the
list. When specifying blocks h~ their individual bloc k numbers , a maximum of’ a hundred blocks
tll:i% he processed eac h time the ‘GOE’ command is used : however , all blocks are processed when
the user t’,pes A instead , even if there are more than a hundred blocks. Following t he Teletype
message

IS 0 P FO Try  RL QRI)

the user Is pes V if the output is to he printed directl y on the Teletr pe , or an~ ot her character ,
including a ‘carriage—return ’, if the output is to he stored on a disk file so that the resulting file
can suhsequenIl~ he printed (in the line printer (see Sect ion 3 4  This latter form of output
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conta ins more information than the Teletvpe output. On comp leting t he Teletype responses to
either the ‘PRCOLIJMN’ or ‘PRPLOT’ commands , t he program returns control to the command
mode. The ‘GOF’ command is then used to obtain the Teletrpc output. It should he noted that
bot h tabular and graphical output cannot be obtained on the leletype by using a single ‘GOE’
command following the ‘PRCO LUMN’ and ‘PRPLOT’ commands ,

All values pr inted on both forms of Telet~pe output are s hown to three significant figures.
I or the Teletype tabular output , up to six sariables . in addition to the time. are printed in
columns on the s.inle table. It’ more than six are to he printed , s ix at a time (or the remainder if
the last group is less than si s )  are printed in separate tables, For the Tcletvpe graphical output .
up to live sar ’ ,ihles . represented h~ the symbols ‘ ‘ 

‘
, ‘i’, ‘ a ‘, ‘ . ‘

. and ‘ .“‘
, are displayed on the

same graph with a width of 50 character spaces per line (i .e. SI distinct points). \V here t tso or more
symbols co incide, the one appear ing last in the above list is shown. If more than the va riables
are to he plotted , five at a time (or the rema inder if the last group is less t han five ) are plotted on
separate graphs. Convenient plott ing scale limits are calculated by the output program and are
shown at the head of each Teletype plot (see Section 3.3 for specification of limits by t he user).
The output is printed or plotted ote r the f ’ull t ime interval for ts hich data are stored in the
output fi le , unless the ‘TIME’ command is used to restrict the time intersal (see Section 3,1) ,

The following examp le s hows hots both tabular and grap hical Teletype output may be
obta ined for the non-linear spring problem:

* PRC

PR/V f / .”~( ,  IV ( ‘OH . % I , VS

BL kS
A I,ist terminated by a sing le ‘carriage-return ’

IS 0 P TO Ti ’ )’ RE QRD V

*GOE

** R I ’ s  . ‘V / % ( **

(See Section I of Appendix B for Telet~ pe output )

*PRP

I’R/.V TER PLOTS

BLKS
9, 4 E st terminated h~ tss o consecuti se ‘carriage-returns ’

/ 5  0 P TO l’l’ F R/QRI) . V

t GOF

** RI \~V/%6 ’ **

( see Section 2 of Appendix B for Teletype output )

* ~ xl

i’s ! )  OF L~ /: ( t 1 /0 . 5
(P1 ’ TI ll F 2.2 ’ E/ ..4PSI:’I) 7 / . ~( l:; 9; ’) 5 2

4
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3. FURT UER OPERATIONS OF OUTP UT PRO GRAM

The basic operations necessary to produce Teiet~pe output only were described in the
prev iaus section. This section describes operations enabling the user to

(a) obtain line printer and incremental plotter output .
(b)  redefine the time parameters and labelling information, and
(c ’)  define the scales used for graphical output.

Tite non- line.er spring problem output is again used as an examp le. hut t heoutput file OUTPT~DAT
is obtained by running BOM M P with an output interval of 0.1 (prex iousl~ 1.0); th is allows
smoother curves for output on the incremental plotter. Various tiles are created by the output
program to store labelling, scaling, or output i:rformat ion. The labelling and scaling informat ion
tiia~ he read in when re-running the program . and the output informat ion enables printed and
plotted output to he obtained appropriatel y on the line printer or incremental plotter. The
labelling and scaling files are named TRA NS.LBL and ‘ FR.\NS.S( L respectivel y . The files
containing output information are of ’ the form “lifename ”.”exten sion ”, where ‘ filename ” is

the filename (without extensi o n) of ’ the block output file produced by running BOM MP (i,e.
OUTPT for the present example) . and “ex tension ” is set by TRANS for each form of output.
Table 2 prov ides a summar~ of the disk files created b~ ‘I RANS on us ing the n’ppropriate
commands.

TABl E 2
Disk Files Associated with Commands

Files containing output information for subsequent printing or p lotting

has e the filename (tsitho ut extension ) of the block output tile produced
h~ running BOMMI’ l i e .  OUTPT for the present examp le)

Logical
(‘omn iand N ti t le of File F nit Number

LABEL TR\N S LBI. 2

Fl ( )V ERLA ’i , PLSTRI P 01 FPT .Pl.T 9

PR(OL UM\ ()[TPT . C01. I I

PR PLOT OUTPT.PPI. 10

S(’ALE ~ R.\N~ .SCt 7

3.1 Time Param ter s
Preceding the output values stored in the block output file produced by running BOMMP

are the losser and upper time va lues and the output time interval (see Section 5.1) . The number of
time values (‘or ss hich printed or plotted output is required rna~ he reduced f i ~ redefining these
parameters us ing the ‘TI NIt ’  command. For the incrementa l plotter though. the ‘TIME ’ com-
mand has no effect on the intersat used f’or plotting. When using the ‘TI ME’ command, t imes
are al’,sa’,s expres sed in the units used in the block output file. For the present examp le. the
k’tser and upper time salues olO and 20 res peeti scl~ are unchanged. and the output interva l of
0 I is altered to 0.5 as fo lloss s

‘TI M

T/.411,’ Pt  R f t / -S . 1.0 Ii I: R. ( PJ ’FR , 1A i l ; R  I -I!, 0, 20, U.S

*

I
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~.2 Labe lling
Various parameters and labelling information are stored at the beginning of the block output

tile produced by running BOMMP (see Section 5.1). On reading in this tile, TRANS stores the
lahclliag information so that the various forms of line printer and incremental plotter output
produced h~ TRANS may be .uitabl y labelled. The labelling information includes the modelling
program t itle of one line of sixty characters and a list of block labels consisting of one line of ten
characters for eac h block. The firs t of these block labels is the independent variable label (referred
to here as X label) of ‘TIME’. A block number of i is used to identify this particular Iabel.t
Subsequent block labels (referred to here as Y labels) are used to identify the block variables
(i.e. dependent variables). If no label is specified when running BOMMP, then by default ,
TRANS provides a label of the form ‘Bl.K,; n’, w here n is the appropriate block number, For
grap hica l output . blocks are identified h~ their label , rather than by their number as is the case
w ith Tefet ype output. Both labels and block numbers are shown for line printer tabular output.

The ‘LAB EL’ command enables t he title and labels to be redefined and allows the speci-
f ication of an additional line for each. The title and labels , whether modified or not , are stored in
a file named TRANS.LBL for future use. On using the ‘LA BEL’ comm and , t he labelling infor-
mat ion required for a particular graphical or tabular output ma~ then he read in from t his file,
Labels may also be defined for blocks whose output values are not read in from the block output
file : this enables the user to set up a general labelling tile for use with a number of different block
output files which each have a number of variables in common.

Each time the ‘LABEL’ command is used, the output program processes three separate
stages. In order of execution. these are termed the (a) ‘source ’, (b) ‘l i s t ing ’, and (e’) ‘modification’
stages. The start of each of these stages corresponds to the follots ing Telet~pe messages typed
by TRANS

(a) IS LABELLI ’~G TO BE RE,’I D FRO.’II DSK

(b) IS TT}’ LISTI,VG REQRD

(c) .4RE MODIFIC.4 T10,V S REQRD

The user answers each message appropriately by typing V t ’or ‘yes ’ or any other character f~r ‘no’.
For the ‘source ’ stage, if the user responds by typing ~~

‘
. the labelling informat ion is reai in

from a file named TRANS,LBL: otherwise , t he labelling information already stored h’h TRANS
is used.

If ‘listing’ is required. t he program first types the title fol lossed h~ the mess .igc

BLKS FOR LIST!.VG

The user then specifies the appropriate block numbers , either itid isiduall~ on a single line
consisting of a maximum of 72 characters or by typing A if all the block numbers are required.
In each case, a sing le ‘carr iage-return ’ term inates the l i s t .  iftndisidual block numbers are specif ied .
following the listing of the corresponding labels, t he ahoxe Te let~pe message i s repeated so that
further block numbers may he specified . This process is repeated until the user t\ pcs a ‘carriage-
return’ only in place of a list of block numbers. If all the block numbers are specified (i.e. h~
typ ing A). t he listing section is automatically termin ated t’olloss ing the complete listing of t he
labels.

If ‘modifications’ are required . then for each line of’ labelling inf ’ormation to be modified.
t he user types the block number followed by the line number and labelling information text. For
the labels , t he block number is set equal to the number used to identif ~ the corresponding output
x a lue. hut for the title , the block number is set equal to iero. I-or both the title and labels, the
line number is set equal to one if’ t he labelling information of one line read in from the block

t in the modelling program, block number I is reserved for the time or independent variable.
Because the output program may he used independentl y of the modelling program (see
Section 4), TRANS identifies block number I as the time or X value.6
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output file is to he moditied. and is set equal to two if the additional line is to be specified or
modified, W hen the modifications are comp leted, contro l is returned to the command mode by
typing an additional ‘carr iage-return ’.

The two examp les given below show how (I) the title and labels stored in the block output
file OUTPT.DAT are first listed on the Teletype and then modified , and (2) by repeating the
‘LABEL’ command dur ing either the same run or a subsequent one, t he modified title and labels
are read in t’rom the tile TRANS.LBL and listed on the Teletype. In Examp le 2. the same listing
would he obtained without reading the labelling information from TRANS.LBL (i.e. the user
t~pes N to the above message (a) ) if the ‘LABEL’ command was repeated dur ing the same run.

Lxamp/e /

Sl AB

BLA’ ‘sD. — 1 f l L .V OiE S  I . V DFP l .’1RI.4 BLE

IS I. 4BELLING TO BE RE.4 D FRO tI DSA’ .’ N

IS TTY LiSTING REQRI)

TITLE
NON -l iNEAR SPRIN G WITH DASHPOT

Add itional line is blank

RLKS FOR LISTING
A By typing A , ‘listing’ stage automat ically

terminated following complete listing
BLK L.4 BEL

- - 1 TI,~1E
Additional line for each label is blank

9 1

4 1 DBI.E DOT

48 1 DOT

/ 0 BLK /0

.4R E MODIFJC.l T/O,’sS RLQRD : V

BI.K (0 FOR TITLE). LINE , TEXT
0. 1, NON-LI N EAR SPRING WITH DASHP OT
0, 2, DATA (STORED IN OUTPT .DAT) PRODUCED BY RU N NIN G BOM MP
-1, 2. SEC
4, 2, FT/SEC/SEC
9, 2, FT
48, 2. FT/SEC

Additional ‘carr iage-return ’ terminates the list

7
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Evam p/o ’ 2

* L. A B

B / A  ‘so / 1) i .VOi ’ES I.\ DEP t’ .4RI.4BLE

1.5 1.4 BEI.1,I.V(i TO BE RE-f  I) I-RO t! DSK

IS I I )  1.ISTI.VG RE QRD ; Y

TI TL E
.\o.V. L 1 . ’s E . I R  SPRI.VG IJ ITH D.45’HP~)7’

/). f  1.4 (SiORE!) l ’s  OL TPT .D.4T) PRODUCE !) B I RI. ‘s .V/ .\ (, BO.tIMP

BLAS I’O R 1.ISTI. ’sG
—.1 , 4, 9, 48 Single ‘carriage-return ’ term inates the list

BLK l IBEl.
—1 Ti t lE

4 1 1)B1.E I) OT
FT SEC SEC

9

FT
4,5 ) DOT

FT SEC

BLAS FOR 1./STING
‘Carr iage-return ’ at beginning of line termin-

f RE .tIODIFJC. fTiO, ’s S REQR 1) N ates ‘listing ’ stage

*

T he f ile 1R.\NS .I.BL ma~ he created or modified without running TRANS. A listing of
TRAN S.LBL created in Examp le 2 above is given below to illustrate the exact form of the file;
the format statement is FORM -\ T(I4 , IX. 12A5 )  f’or each line of the title , and FORMAT(14 ,
IX , 4A 5 )  for each label :

O NON-I INF.\R SPRING WITH I)ASHPOT
0 l)\T .’s (STOREL) IN OIJTPT.I)AT) PRODIJCFI) BY R[NNING BOMM P

- I f IMI SI (
9 V FT
4 V D H I .E DOTFT SEC SF( 3

48 V I)OT FT SEC
t O  B L K :~ 10

3.3 Scaling for Graphical Output

On reading in the block output tile produced h~ running BOMMP. the output program
deter mines lo’.ser and upper data limits for the independent variable (referred to as Xl and for
each of t h e  block sariab les . Whenever the ‘T IMI’  co mmand is used, the data limits are re-
determ ined for the reduced number of data salu es . When graphical output is required. t hese
limits arc then used to calculate convenient plotting scale limits. The ‘S(’AL E’ command enables
th is  process to he h~ passed and the scale limits to he provided h~ the user and stored in a file
namt’J IRA NS.S( I t~ r future use. Pata limits determined hi ’. TRANS on reading in the block
output file are not store d in TRANS. SCI.. On subsequent ly running TRANS . the limits required

8 
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for a part icular grap hical output may he read in from the file TRANS.SCL on using the ‘SC’A LE’
command. .\s ssith lahdling information, lower and upper limits may be def ined for blocks
‘.~ hose output sa luc s are not al’ .sa’,s read in. W hen the user defines the scale limits., they are used
for grap hical output ss ithout an~ modification. Scale limits defined for the X scale are used only
for i’icremental plots . ss her eas graphical output on the Teletype or line printer uses the time
limits specified in the input file , or the modified limits if the ‘TIME’ command is used.

l : se of the ‘S(A l I : ’ command is very s imilar to that of the ‘ LABEL ’  com mand , and the
tss o examp les belosv correspond ser > closely to those used to i l lustrate the ‘LABEL’ command.
Dilkrences may he seen h~ comparing the examp les . For the ‘listing ’ stage , the lim its are
followed by ‘

~~: .-.- ‘ if they are data limits determined h~ tRAN S on reading through the block
output fi le. I or modifications , on each line the user t~ pes the block number followed by the
lower and upper sca le limits .

L vwn pit ’ /

BLK ‘s O. -1  DEVOTES / \D E I ’  I i  R1.4BLE

. - f R E  P1.OT SC.’f I.E li t/ ITS TO BE R E ID  [ RO t! nSA’ N

IS TTI LISTiNG OF Li t !  ITS RE QRI)  V

DEVOTES P I T - f  l.I.t1ITS O.\ l.I i LSED TO DETERMINE , -LOT SCALES)

BLKS FOR 1./ST/ VU
A

B!.!’. LOll ER I. Pl’ER 
I ().(kNM)E 0/ .‘.(umo/: (1/

9 - / .~
(ff H)L 0/ (i 4ñ,5~ l~ 00

4 ‘s . ~5/4E - 00 2.(Yk H1L 0/

48 4. “.~~—~
‘ i-: - 00 9 ,14 ~3E . 00

/0 /JX)QHL 02 4. 2.~(,4E - 0/

IRE ,tIODI/- /C.fT/().V.S REQRI) V

BLK . LOIt ER. UPPER
10. —60, 40
4. —10. 14

*

Eswirp it ’ 2

V/. A ‘sO / 1) 1-: VOTF.5 / \ I)EP I f  RI 1

RE l ’/ .O 1 S( t i E  I / t i l l  -~ 70 11/ R / f I) / RO ti 1) Sk .‘

I.’~ T7’ I l IST !  S (, 01: LI.’i ! / ! S  RL QR 1)

[) J - \0 I/ - 5 1) 47 . 1  1,/ tI l TS 0 V/ }‘ ( ( 5/ fl TO 1) / f i R  \ f  / 5  F PLOT SCALES)

i)
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BLA’S FOR I , Is T! V(;
4, 10, 48

BI.A’ LOIt ER UPPER
4 J ()()()()/ . 0/ I.4000E 01

/0 — 6. 0000E . 01 4 .0000 E i-UI
4.5 4 ~.‘s,s.s’j . 00 9 44 73 / :  . 00

81.A.S’ FOR L1S7’/ VG

- i RE  .t!ODIFIC.4 lION S REQRD N

*

.-\s wit h TRANS.LBL . t he tile TRANS.SCL may be created or modif ied s~ithout running
TRA NS ..\ listing of TRANS.SCL created in Examp le 2 above is given hcloss to illustrate the
exact form ot the tile; the t’ormat statement for each line is FORMAT( 14. 2 ( 1 PE 12. 4) ). and
because t he limits for onl~ two blocks were def ined, the f ile contains only two lines :

4 —l.0000E . 01 l ,4000E . 01
10 6.0000E 01 4.0000E . 01

3.4 Line Printer Output
The commands ‘PRCOLU MN’ and ‘PRPLOT’ used to obta in tabular and graphical output

respectively have been described in Section 2. 2. However , only the Te letype form of output w as
descr ibed in detail. The line printer form of output obtained from the disk file is fully described
in t his section. The tabular and graph ical outputs for the line printer are stored h~ t he output
program in the tiles “Iilename ”.(’OL and “filename”.PPL respective ly : both forms of output
ma~ therel’ore he obtained on us ing a single ‘GOE’ command following the ‘PRCOLUMN’ and
‘PRPLOT’ commands . On the line printer , all va lues printed are shown to five significant figures
and labels are used to identit ’y t he blocks instead of the block numbers for graphical output , and
bot h labels and block numbers are shown for tabular output. The title , date and t ime of creation
of the block output tile , integrat ion interval , and run CPU t ime are also printed . For the tabular
output , up to ten var iables , in addition to the time , are printed in columns on the same table,
and for t he graphical output , the graph has a width of 100 character spaces per line (i.e. 101
dist inct points and symbols are overprinted by other s~ mhols for points that coincide.

The following examp le s hoss s how the tiles OUTPT.COL and OUTPT.PPL may be generated
for t he present example; the redefined time parameters . labelling information , and scales specif ied
in Sections 3.1 to 3.3 are used :

/ ‘RIViI.\U / .V ( ‘0/ f .Sf . V .S’

BLKS
.4.

IS 0 P TO TT}’ RE QRD .‘ N

*PRP

I’RiVff 1? /‘LOTS

10
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BLIVS
A

IS OP TO TTF REQRI) . N

5GO E

~ RI . .V ,VI.VG **

On subsequently using the ‘E XIT’ co m mand in t he above examp le, the tiles OUTPT.(’OL
and OUTPT.PPL maY he printed hi’. running the s i -s t ‘ii program ‘PRI N I . and are sho’.sn in
Append ix C’ . Because carriage contro l cha racter s are used cx tc ns i ’ .e ly to produce the graphical
out put , t he file OUTPT.I~PL should he printed using the ‘P’ s ’ .s i t ch Ion the PI)P- 10 computer )
as f’ollo’ .ss:

.R PRINT

i 40*Ot II1I.lPI./PS
I- iLLS i ’R/ , V 7E / )  RE Q. i ’ . t ( , / :S
OL l’PT P1’!. ROl 2

(‘arr iage control characters are used minimall to produce the tabular output so that use of
the ‘P’ sss i tch is optional s’. hen printing the fife OUTPT. ( I. )I -

3.5 Incremental Plotter Output
The commands ‘P LSTR I P’ and ‘P105 1 RI_A l’  are use d to obtain ‘strip ’ plots (of t he form

produced hi- a mult i—channel chart recorder) and ‘over lai- ‘ plots (a sing le graph for up to eight
output saria bles) . Eac h form of output is stored in the f i le ‘‘filename ’’ . PL I . Time, or t he inde-
pendent s iriable. is shoso n on the abscissa N i S i s ) ,  and t he output sariable s are shown on the
ordinate (V axis . ”... ‘.s it h line printer output . the tit l e , date and time of creation of the block
output tile, inte gration int er ’ . al . and run ( I’tJ time are shos’. ii on each plot. Labels are used to
identifi- t he blocks instead of the block numbers .

For  both commands , the block numbers required ,iIc f i r s t l isted in the same ssav as for the
‘PR(OI.1] ‘sIN’ and ‘PRPI()  I’ comman ds I i  L’ the 115cr t .  pes .4. or s pe c i f ies  indis idual t lock
numbers). I-or t he ‘P1 OVI RI . \\  ‘ command onli- , the block number s, w hose lower and tmnpv~
variable l imit s are used i determine the \ plott ing sca le ire then listed in the sanle ssa ~ - Finally.
for bot h commands , t he lengths ‘I the \ and \ ax es ex pressed as an integer number of inches
arc then specif ied : the length . f  the ‘ i s i s  must not c’ .cccd S in.

The str ip ’ plots are ,iio. ri i , i t ic. i l l’ .  arranged in ol~,ict’nt s t r i p s  such t hat the total span of the
‘
~ ax es does not exc cc t S in. fur t her s’.’ts  of plots are crc .i ted until all the s ,iriahles are plotted.
N.. s’. it h it ap l i i e i  I output on t h e  1eIet~ pe ot- line printer , con’.enient plotting sca le limits are

calculated hi’. the r’ .‘er tm i • ~r eac h output s ;iriahle, unless the sca le l imit s are specified hi- the
user. I-or the ‘i’ ’ .c rI ,i ’. ~p t o ~i.’ hit sariah les ma~ he plotted on the same graph using a
c tmmon sca le It there .mre more t h.mn eight , t u b  the first eig ht are plotted : the remainder are
i gnored and an ap p rop ri.it e e rio t iuie ~s ,ii.’e is t \  ped ..ec .\ppendi’. N) . 1 sing only t he block
numbers specif ied I • ‘ i determ ini rug lit’ \ pluu tt ing .ile . the smallest lo~ er limit and largest upper
limit i re  dete rn )mnt’of It both limits ire ..~.tIt ’ limits s 1’ .’ c i t i e l hi- the user . t hei - are used w ithout
modif ication I f  .m t lc,i .t  one limit is ,i •!, i t . i l imit , a ‘ . . i ;scni cnt plotting sca le is calculated hi- the
pri’’.il l i l t  Including the t i t le and l.mhcls . a p lot ‘ .smll f i t  s’. thin the International standard .54 paper
si/c l i  ~tn \ a x i s  ~f length ~ in

- _ _ _ _ _ _ _ _ _ _
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The two examples given below show how for the present examp le. using the modification s of
Sections 3.1 to 3.3 , the file OUTPT.PLT may he obtained f’or ( I) ‘strip ’ plots and ( 2 )  ‘05 c r hai-
plots. Two separate runs of TRANS were made : hosseser , both plots ma’, he obtained on the
one file by using a ‘GOE’ command after each plotting command.

Example /

* PLS

STR1P PLOTS

BLKS
4, 48, 9, 10 Full list of block numbers t i -  ped indis idualli- in place of ~%

to obtain des ired order of plots
LENGTh OF A X E S  L’~ l.VCHES : X, 1 5, 2

~COE

** RU’s \/\(, **

*

Examp le 2

*PLO

Ot ’ERI. 4 1 PLOTS

BLKS
9, 48, 4

BLA’S TO LPETER,tIlj VE I SCALE
4 l ist term inated hi- two consecutive ‘carr iage-returns ’. as

in previous list
LENGTH OF .‘m .VES i.V INCHES; .V . I = 5. 8

*GOE

** R( .V .V/ .V(1 **

*

On subsequentl y using the ‘EXIT’ command in each of the above examp les , the f ife
OUTPT.PI.T may be plotted (see Fi gure s Ia and Ib) hi- running the s i-stem program ‘PLOTQ’
as fol lows:

.R PL OTQ

l0 .57*OUTP T .P IJ$
I I l L S  PLOTTE D REQ. I -/ H  1.1 tI /18
O( [‘PT .I’!.T R0I 2 \ s .5i~ , I / o  5~

) I. ) 5 32 ,  ~i

I - -’.1r

12
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3.6 The ‘RUN’ Command
The ‘RUN’ command is equivalent to the individual commands ‘PRCOLUMN’ , ‘PRPLOT’ .

‘PLSTRIP’. and ‘GOE’ in t he order shown. If any form of output is not required, a ‘carr iage-
return’ is ti - ped in place of the block numbers, The use of the ‘RUN’ command is demonstrated
by the following example, which repeats the examp les of Sect ions 3.4 and 3.5 (except for
‘overlay ’ plott ing):

*RL N

P R I N T I N G  l ’s COLL . t / . VS

BLkS
A

IS O P  TO J T I  REQ RD : N

PRI.VTE R PLOTS

BLA’S
A

IS O, P TO TTI REQRD : N

STRIP PLOTS :

BLKS
4, 48, 9, 10

LENGTH OF .4.t’ES IV INCHES: .1. 1 = 5, 2

** RU.’s .Vl.’s(, **

*

4. (SE OF OL I’Pt T PROGRA M WITHOUT RI NNING THE
MODELLING PROG RAM

A subprogram package consist ing of the FORTRAN file PAKAGE.F4 and MACRO- lO
f ile CPU.MAC is available to enable the user to obtain an inpu t file for TRANS without runni ng
BO M MP . An examp le of a main program that generates ce rtain functions and stores the resu lts
in the file FUN(’ T. DAT in binary form for input to TRANS is g iven in Append ix D. Comme nts
in the listing of the examp le main program prov ide a comp lete descr iption on how to use this
faci lit y ’ . The following is an examp le run of TRANS t hat uses the input file FUNCT.DAT
created on running the above program:

.RU TRANS

/ p J•~J I f V f  tIE Ft ’N(’T
I .4R10 ( S I( .V(’T/0. V.5 OF .V

IP  FILE RECORDED 0.V 2 . .I( ~~~~~~ .4 T /4. 02

I.V1EG.V I V]  0.0000 E UI .- R( .V ( ‘P ( - T IME / .35 SEC.

1.1_ ti!: [‘Ro t ! ().UO(X)E 01 TO 2.0000E . 01) l.V STEI’S OF 4. IXYdOE ~~

13



- . ~~~~~‘—

*LAB

BLK N O .  / DENOTES INDEP ( A  R1A BLE

IS L.4 BELL!NG l~O BE REA D FROM DSK N

15 TT}’ LIS I.’s ( i  REQRD :

TiTLE
( A  RIO/iS FUNCTiONS OF X

BLKS FOR I.ISTIN(1
A

BLK l A B E L

I EXP(2A ’)

2 .SQI ’ -IRE

3 SI.V(u ’ V)

4 k~~SI V(~S ’ ’t )

5 5 / \~( 5 v * * 2 )

6 81Ff’

.50k 51 -) !.

A R E  .tIOfl/F ’K’ -h 1’/O ’s .5 R E Q R D  :

BLA’ (0 FOR 1’/ii.E) . l I V E . TL’.VT
2, 2, WAI l’
6, 2, TOOTH
7, 2, (‘( RyE

BLK NO. I DENOTES IV DEP I .IR I.4 BLE

,-I RE PLOT SC.4LE I.l.iI1TS TO BE RE.4D FRO,%f DSA’ : N

15 TT1 l .I .S ’II ’s(, 0!” I.I% f ITS REQRI) : V

DEVOTES D.’17’.4 1./ti ITS ON!. I (U S E D  TO DETERMINE PLOT SCALES)

14
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BLKS FOR LIsTI.V(;
A

BLK LO WER UPPER
- — I 0.0000E 0/ 2.0000E f - UI,) :/ 4- ~

! 0.0(X) OE - 0! 5.4598E . 0! ~ ~
2 - -- J . 0000E . 00 1.0000E 00 .‘/ .~ 

.~~

3 — 9.9738E - 0/ 9.9777E— 0I // .5’

4 I.3 759E t O O  ! . 757/ E . 00 :1 .~e ~
5 - - 9. 9998E UI 9 .9900E - -0! # ~‘

6 (1.01K/OF 0/ 4.01/DOE 0/ .‘i

7 0.0000E - 0/ 3. 9 ’~90E - - 0! :~ ,~~ ;,~

ARE tIODIFIC.47’lO.VS REQRI.) : V

BLK . LO ll ER , L-PPER
1, 0, 20

*PLS

STRiP PLOTS

BLKS
A

LENGTH OF .1 N ES LV INCHES: .% ‘ . I - 5, I

~GOE

** RI N.V!. VG **

*EXI

E N D  OF E. V E( ’t T10 5
CPU fl.tf F: ~~. 6() ELAPSED TitlE: 4:49.52
E.tIi

.R PL OTQ

/4:24*Ft ’N(’T .PLTS
FILES PLOTTE D REQ. FEET LIMITS
l U ’ s / i T  . P1.T R0/ 2 X(8.50’, l’IO.S(i’), Y( 5.32” , 5’)
E.~’IT

The output file FUNCT.PLT obtained above is shown in Figure 2.
In the above examp le, the labelling information and plotting sca les were modified inter-

a ct is e l i -  whi le running TRANS. This may be inconvenient , especially if frequent use of the
additional line for the title or labels is required. To avoid this inconvenience , the modifications
may he effected directl y in the main program by opening the files TRANS.LBL and TRANS.SCL,
and storung the modified information in these tiles in the format specified in Sections 3,2 and 3,3, 

-

On r u n n i n g  TR. -\N S . the labelling information and plotting scales would then be read in using
the ‘I A BI’I.’ and ‘S(’AI I ‘ commands respect ively.

I S

-

~ 
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S. DESCRIPTION OF OUTPUT PROGRAM
The input file structure and computer program structure ,iic br io ’Ili- described heloss . Further

information mdi- he oFtained hi- referring to the FOR I R ‘N \ listing.

5.1 Input File Structure
The input file fo r 11< -\ NS , s~ hich i s  general ls the block output file obtained by- runn ing

BUM NI I’, is a hinari- f ile consisting of full disk blocks of I 2s ‘,stt rds. The modell ing program
arca nges the data into records of I 2(t data ‘.t oRb s~ 0 th Iss o addit ional s’, ords hei rig used by the
operating s i- stem ‘LOROTS’ to s i g n i f y  the heginninc and cud of e,ic(i record .

To sase storage, w hen running BUM NIP an output sa fue i s  only stored it it changes hi- more
t han a prescribed percentage from the value l i s t  stored at a pres ious time s .o (ue . I lie data arc
therefore stored in the f’orm of pairs co nsist i ire t I  a block nu niher tstored a~ a real s ar i - ’ ble
rat her than as an integer) f’o llos~ed by the corresponding output s ,iI.:c -\ block number equal to
• I is used to indicate that the next word is a ne’.~ time or independent ‘.ariah le salue. I or N
blocks , the first 24 . 3N ssords of the input file ire usesl to store s , irio ius p i r a i r le t L ’rs and
labelling inf ’ormat ion (see A ppendix I I. The next 2 2’.. s~ords Co i r i s i s i o f  block number of I.
the losver time value . foIIos~ed b y N block number and block salue pairs . Subsequci t i- . . a block
number of - I . a time salue. followed by a max iniuni of N block number and salue pairs are
stored , t he actual number depending on whether the block s dues hase changed sufficientl y from
their value last stored at a rrcs iou.. tunic step. Fina!ly . the run ( P1 time is stored

5.2 Program Structure and Storage Requirement
The com puter program co ns is t ’. of a smal l main program (NI -\ I N f  used to ’  open the arrays

that are later expanded . a num ber of major subroutines and ari t ius ..erx ice subroutines and
function s (see Appendi\ I ). When loaded on the PI)P- It) computer the program requires 13 K
ssor ds of ’ core store (1 K — lt)24). On running the program . a number of arra ys are expanded so
t hat an additional SN ‘.s ink are required , sshere N is the number of blocks .

6. (ON(I.L DIN(; REMARKS
Althoug h desi gned to) he used as the output secti o n of t he ‘block oriented’ simulat ion

language (‘SNIP—l Ot ‘sR I. L the output program that has been described may’ also he used as a
general purpose output program by using a sLipplied program package ‘N’. with the modelling
program , x~ hich is used to perform the model simu lation in ( 5 NI P—l ( i i  -\ RI . )  and store the output
in a binary tile, the output pr tgi am is ss r i t ten mainly in I o R  I~R ‘s N I V for .o PI)P— 10 computer
and is controlled interact i sel y from a I elet y pe. Pros isi ii f l  has been made f o r  Teleti - pe and line
printer output in either tabular or grap hical form and incremental pfot t e r  output in the form of
‘str ip’ or ‘~t’ .crl.ii- ‘ plots . Facil it ies base heeui intr iol t iced that pros ide a l.irge degree of flexibilit y
ii allowing the user t i  redefine the time parameter s . labelling information , and plotting scales.

7. Ac ’KNoWLED (;I.MEN ’r
The authors ai’e indebted to the ,iss ist ,i nce pros i~led by P. ( ot t t l ie h and the stall’ of the

(_ omputcr Centre at ‘5 R - I. -
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APPENDIX A
Output Program Diagnostic I’;rror Messages

To distinguish the fo llowing error messages f’rom the FOR TRAN compiler diagnostics , all
the messages be low are preceded by an exclamat ion mark (!l. An integer constant is represented
by ii and ‘ s e . ’ i s  used to abbreviate ‘self sp lanatory

(‘ODE PRIOR 70 (‘.4l,L TO EX!’. ’f ND L/NRE( ’OGNIZED obtain a new copi- of the
file I R -\ NS . S -‘s ’S if error persists , keep data files and consult originator

CO t! ‘il -i .5 /)  l:’RROR invalid p rogram command

-
, E N D  0/ ” I I ’  I - I l . ! : ’ RL.4 ( ’I IE D BEFORE UPPER 7 ’/.tl E I I L l  1 - s.c.

o Fi/. E 7’R~l . ’s1S. I . BI.  (C0. V Tf I . ’s’!. ’s (, 1..4 BL’LLI. ’s’G I .VFOR . tl, 41’I O. ’s ) ‘sQl’ 0.5 DSA’ —

labelling information a lready stored by TRANS is used

FII.E TR.4 .’s.S..S( ‘I. I ( ‘1) 51 ’ ( 1. 5 I.’s ( ,’ SC -f I.E I.I.t!IT.S ) 501’ 0.5 I) SK data limits deter-
mined by TRANS on reading in the block output tile are used

EIR.Si’ /00 BLOC/OS 0.5 1. 1 (( ‘ ILL BE PROCI:’SSED - - s’.hen specif~ing blocks by their
m dix dual block numbers , a illaxiniLini of ’ a hundred blocks mai- he processed each time the
‘(iOU’ comman d is used fol lossi ng one or more ot ’ the commands ‘PRCOLUMN ’ . ‘PRPLOT’
and ‘PLSTR IP’

FIRST 5 BLA’S 0.51. 1 Jl ’ i LL BE PROCL’.SSE!) a maximum of eig ht blocks may’ be
processed f’or ‘overlay plots each time the ‘GOE’ command is used following the
‘PLOVERLAY ’ command

J . VCO.~1PI.kTE 1”II. E f’or incorrect or incomplete format for parameters and labelling
intor rnatioui at hegit ining of input tile (see A ppendix F) : may occur when creating the input
tile without running BOMMP (see Section 4)

LENGTH OF .k’ .4 .115 .t l (  ST BE f -
~~

- l’E I . Vi ’E 6 L R  s e .

LENGTH OF I . -f .l’IS .t I l ST BE .1 ‘ F E  IN TL ’GER LESS THIN 9 — s .c .

LOLl ER 1.1-tilT .t l l  Si’ BE LESS i’ ll -f .V I ‘PPER !.LI1IT - w hen specifying scale limits

VO l E.’sO( Gil CORE TO SET UP . -1RR .4 )‘.S when expanding arrays in ‘EXPAND’

0.-Si. I / FORt! 0/” OP TO TT}’ PER RI ‘ .V both tabular and graphical output cannot
he obtained on the Teletype by using a siui g le ‘(iOU’ command

O. P FOR Bi.K n . VOI ’  STORED 1.5 IF  /‘iLE s~hen spec ifi-ing blocks to be output

S 1.51.4 1 ERROR typing error or inappropriate response to Teletype message

ll~
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APPENDIX B
‘I’elety pe Out put

(I ) Tabular Output

TIME BLK~ 9 BLKS 4 BLK I 46 BLKS II
e .eec-e I -I.6~(.~~* 2.Bøt.øt ø.60(-Bl -t.66E.S2
i.øøE .~ i -3.27(+øI -I.42E .øø 9.36E+06 -I.I6E .øI
2.ØIE.øø 4.561,00 •6.4f1’OO 5.521+06 2.l01.OI
3.SIE’OO 6.061.00 -6.391+00 -2.441.00 3.68E.II
4.001+00 1.861+00 I.101’OO -4.621+ 00 3.711+06
5.001+00 -2.021+06 2.011+00 -2.~ 8E.0S -4.101+00
6.001+00 -3.681+00 2.901+00 -2.031-01 -1.411+01
7.601+00 -2.69 1+00 8.951-01 1.841+00 -8.151.00
8.001+00 -7.471-01 -4.381-01 1.841+00 -1.491+00
9.001+00 8.001-01 -7.97E-0I 1.191+00 1.601+00
1.001+01 l.58E.00 -7.621-01 3.741-0* 3.1~~~.00
I.IIE’6t I.601.00 -5.231-01 -2 .921-61 3.201+00
P.201 .01 1.101+00 -1.831-01 -6.461-01 2.201+00
t.301’Ot 4.171-01 1.041-01 -6.761-01 8.331-01
1.401+01 -1.7SF -Of 2 .631-01 -4 .811-01 -3 .5t 1-O t
t.501.6l -5.1 61-01 2.851-01 -1.971-01 -1 .031+00
1 .601+01 -5 .801-01 2.091-01 5.661-02 -1.161.00
1.701+01 -4.371-0* 9.161-02 2 .081-01 -8 .741-Ot
t.801+0I -2 .02E-0t -1 .64E-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-Ot -1.021-01 9.251-02 3.241-Ot

(2) (irap lr iea / Oioti’iot

8I..KS 9 1 1.001+Ot • +‘+“ ‘ ‘+ ++++ ++ + ++ ++  1.001+01 1
BL XS 4 1 — 2 .0 0E .0 I  2.001.0* 1

T I M E  I i

0.001-0* • •1
1 . 0 0 1 + 0 0  I + * I -

e.eo~ .eo I . • I
3.00E.00 I * I
4.001+00 1 * • I
5.001+00 I • * 1
6.00E.00 I + . I
7.001+00 1 + * I
8.001+00 1 •* I
9.001+00 1 * • I
I.00F.0I I * • I
I .t e* .0 i  I * . I
P.20 1.01 1 * + I
1.301+01 1 *• I
1.401+01 1 * I
I.501.0l I I
1.601+01 I •• I
1. 701+01 1 •* I
1.601+01 I I
1.90 1+01 1 * I
2.001+0* I S
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APPEN DIX C
l ine Printer Output

(I) Tabular Output (Fl i t ’ OL.’TPT.COL pri~ito ’tl us ing ‘F ’ sn i tc h)

‘ ION—L 1s (A °0 S~Q ING W~~T’4 DASi ’4 ’~DT
DATA (ST ORE3 IN O LJ T PT .D ATi P’~ODL )CL j b Y  RUNNI5.~ N D’I PO P

RE CORDET ~5 ~ ,— ‘qAY — 74 A T tø i 2i t ’ o T E C.’, t’4 • I.,.:(~~~E—at  80.15 cpu TIME • i ,~~ st.c.

8cR NUMR (8 • 9 4 48 11
TI M E V V .1-IL1 D J T  V U Oi 3L(~ I~Y

~ 1 0 T ,c ( r /so . C FT/ S L~
a.a~~ OE-e t. —1.3~ Rø(.øL 2 ,Y~~ ”E .~ 1 04 .~~ Aao ,—i ,i. -1, Ø~(.~ 2
5.8~~Iø(—aI —7 ,ea~3(.~ 3 °.t3~ :t•~ a l .7R iiBL .dø -o.1228(.d l
1. ’PaE•aô —3. 2~’7r•O ,~ — I~ 4~9sr .~ø 9,3587t,.~,ø .~ 618t •dL
~ ,5~~~S(•Ø., 2..0.TB34E•i’.’ —.1 ,5#8~ L .~~ 7 .8860,L.or 0.’ ~ .i. A6BE•~ a
2,~ DØ~(.øi1 4 ,5~ 16E .r.’ — 6 .4i,E7E .o1 8 5 ,5216L .&Yø ~.1318E ’a~
2 , 5~S~E•~~ b ,32d8(.~ .’ — 8 ,7514 ( •’

~ L. 5110 °L.oø 4 ,d6ø 3E~ dt
3.~~~~dE.i~~ 6 ,1Y55 9 E.a.’ — A ,3573[ .0.~D — 2.4448L.o1 ,0 3,o 823E .or i
3,5~tSøE•ø1 4 .2~ i,1’E.~ ,Y — I.8~ 77 t.b’ø — 4~ 83~ 6L .’~ø I. 8L1~(.~O14 .30’ØØE•08 ~.8S’~~E•~~’ i,1)381:.oia —4 .6~ 6Qt, .8~ 3./~ 45E .io~4 ,50r ø~1[.ø i., — 2 , ’37 .36E—21. i.67BR(.~~ø — 3 , 9 0 1~ , .i8 Ø ~~ .‘472E— ~~L5 , ø ø~~PL.ø~ —2,~~i68E .ø~ ~ ,~~i tRE’~~ø — 2. 9T9to..~~ø — 4 ,3.~~ot~ O~~.~~ Qi

~ ,53~~4 E • Q ~ — 3 , 2 . 1 ’~ r~~~ 2 ,9~~95 E.00.~ -~~,7øW8 L. IYø •‘ t, ,1.24RE•dl
o .8 ~øTE .0 i , — 3 ,68 E.0.T.~ 2.9~ ø7 E.~ 0 —2 ,~ 269O.—e1 —E , 4~~98L .di
6 . 5 3 ø ~~E•~~,. —~~,4 4 6 7 E.~Y O 2 .2~354 E.~~ø 1 .a lo 5 L.Aa -1.~~b8~~(.~~E
7 ,b3 ~~~.’(.~~~ •2,6911.E.a~1 6 .9 4 7 1 E — ~~i i .83b 4L .~ ø —A.I. 4 65E•oV QI
7 ,~~~~’E•~ ’ —i ,7L15E •ø~ —1. .~~Y1LE .I1 t ~,9B43L .0I ø “3. 42~32’(•ø~
8 ,Y~~~0.iE.ø,i -~~.472øE— ~~1. — 4 .3339 E—ø1 1,8432 L .hY fl — 1, 4944 (.’oiQ~
8.~~~~~E.ø,r .. ‘V.1sE—el, — b ,65 44E— ~ii 1.5616L.~~ l , E B 5 I E — d l .
9,Li?ø..E.O ,. 8 ,ØY.3 9E— ø i, — 7 .9L59E — ~’I, t . j9Ut, .oY~ i .5~~o~8E•~~9 , ’803(.Oi) ~~~~~~~~~~ —5 ,2 981E— ~~1. 7 .58 47L —k o i ~~~~~~~~~~
~,a. ’ø.Y E.a~ 1,5817E .øR —‘ .8234E—41, 3 .l4~~iL — ~ 1 ~,L 6~ 3E .iiØ
1,~ 5~~E •øt 1 ,6147E•O~ — b .73i.~’E— ~ i, 8,ø~ ’’~L—o1 3 i,3495( o13
~ .1.~~~aE .e i 1.,6~ o~3E.ø~ —5 .23 14E—0.~i. —2 .924 iL—ø1 i.~~aasE .Oø
1.,15L’~ C.øi 1,3953 (.ø0i —3.5 334 E— ~~i. — 5 ,~~ t 9 9 L— o 1 I ~.79L’7E .oR
1 ,~~~~I’E*øI. t . t ?’~tE .ed i  -I ,B258E— ~~1 -6. 4S68t. .ofl1. 2,I0 42E•O ø
i.2’b@i’t.øI 7 .62 92E—ei — 2 ,6iQ~ E— ,~2 -6,96 941—o l: 1,D258E .,r~
i ø a ~rt~~ai 4 ,16681— 01 1. ii 3 8?E -~~, — 6 .1A.1 2L-’~~1 “ ..33~~1E—A1
1.3 5001.01 9,58221— 02 2 ,0 1041— ,11 —~~.9843t—o’ 1. 1,~~j64(—,r 1
1. 4 0~03E .21.  — 1, 1541E— 01. 2 ,6253E— ~ij — 4 .8.i92L—A’ l -3.~~’82E— ~~1
1,45011.01 — 3.8 162 1—0 1 2.8 2 4E— ~~1 — 3, 414 81—81 1 ,8 3231—81.
E.51001 01 — 5 ,168 61— 01 2.8S07E — ~~i, — X ,9 683 L— ~ t —~ ,d3 21E .80
1.5500 1•01 —5 ,7966(—O j 2 . 5 5 0 ? E - .’t — 6.,’1b 91—82 -1 ,1593 1.80
i , b , Y OQ I E .0 t  5 , 19~ 6(—0i, ~ .O 92 1[—d1 5, 6552 1—02 -1,15911’8Q0
1.65001.01. —5 ,27.551— 01 1 . , 5 ? 07 1 - ’rl 1. 47 171 — 8 1 —1, ,85471.oi O
1.7b.i00E •0I — 4 ,31161—01 9 .15241— ,,2 2 ,081~~1—81 8, 14331— ,i1
1, 15001•0t — 3 .2 402 1—01. .5 .39121-82 2 .3Q 25 1-o~T -b, 48051—&Y 1.
1 .80001•01 — 2 ,022 71—0 1 —1. 63151—82 2 , 4 T221—81 ‘4 .8454E— 81.
1.85001.01 8,4426 (—02 — 5 ,60 62 1— 82 2 .2 458L 81 1. ,b865E ’oYl
1, 90001.01 1,96 101—02 -8 ,349~ E— ~~2 1.8Q 1. 2 t.—01 . .3.~~2 4tE— 02
1.9500(~~01 1,03011— 01 — 9 ,84 4 ’t- ,r2 1.43091— 81 1,86021—01.
2.0000E•01 ,.62001—01 —1.01 8 1E— ~~t 9 .25381— 82 .5,2399 1— 01
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APPENDIX C—cont inued

(2) Grap hica l Output (File 0I i’Ll’. PPL print ed using ‘P’ switch)

S  

.45 ..... S IC
• 4 4_ I ,I .I .p-S  a _ m t  •

C S

~~
-. ,

~~‘..a a .  .
S • •

r P

OP”z , S •C—  a
S —

ao
o

a N

: : — a
In • N

. 5 8 x N  N S .1 *
._  S

_
a
. . . .

.4 4 • S — . I. IC S 4 4
•. .x t  N C S

— : : : “ ~ • 5

~~~~~~~~~~~~~~ 
_ •~~~~~~. 

S~~~~~ 
.~~~
.
.

. s
5 s : :,. 5.

~ . —~~ . 
....

• • 5 4* N  •I., 4 55 * .  N
5 •~~~ 5 •

7 • 5 % • N • S  S 5 •~~~
~ . 

S
N . S .

5 S ~~~

— S
~I S •

r ., .
C,
S . • S

P ~ S S 5 *
— — S
z .

o r  , —5 C I~
X I ’  U S
•75  • S

00 U

XL, U S •
..‘O .4 . 4 . 4 W  SI

I C,  a s’q 5 .
S

S~~•7
5.5. ,

5 W.  fl SS •a.  s a s s.
*7 CC S

. 4— — . , ,
U —  ~ ‘ * S

II

— C,  (.4 U
_J I_I N S

2 070 5 5
2 ’  “. 0 .0 N
C W . L I Ifl
Zn 4. 44 ’.’.

~ 
,m .. . . . . . 4 5 e 5 a s c  5 1 5 5 5

a “, i., . . 5 5 5 5 5 5 5 5 5 5 5 5  ~~..55.5.. s s S Q a o 5 s S S 5  55 5 5 5 5 5 5
C, ‘ S S I • C W* • 4 e 4 C e e • • 5 I •*  

I.. U 1.5 4.0 4.0 4.0 0.0 44 1.1 4.1 4,4 4,4 1’.J 4,4 Id 4,4 4,1 Ia 4,1 4.4 44 4 . 0 4 4 4 4 4 4 4 4 1 . 1  1.5 4,0 Id Id 1.5 4.0 0,4 4,1 1,4 4,4 0.1 1,0 0.1 *4 4,5 5.0 44 
5 5 4 4

— — ,—I.4
c S • — U~ s e s a s s a ’ s  0 4 5 5 5 5  s t 5 S S S S S O t oS~t’ II t I I t S S’  5 ,S t ’t S V , S t’S C Sa
.4 ,4U

• 4.4 0  N S S%.4 ‘4 5 N “ I 0 S S 01% 800  0 ”.. W. C OS a .4 .4 .4.4 .4 .4 ,4 AS

I- I’~~~I 0*~~~IC
0I’  .4 W

I C .  .

2l
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API4ENI)~X I)
Main Program E~arn ple for Creating an Inp ut Fife for ‘ IR\NS without Running BOMMP

C MA tN PROGRAM

C EXAMPLE -OF A MAIN PROGRAM WH I CH USES A PAC0~A GE O F
C SUBPROGRA MS THAT W RITE J L T P L T  INTO A BINARY FILE SUITAB LE
C FOR PROCESSING BY THE PROG RAM “IRAN S”
C THE SUBPRO GRAM PACI~A GE CONSISTS OF THE FORT RAN
C FILE PANAGE .F~ AND THE MACRO F IL E CFU .M AC

C THE FO RTRAN F IL E C ONTAINS I

C SUBROUTI NE OPINI T COMENI
C - RECORDS PAR A M E T E F o S AND LA B ELLING INFO RMATION

C SUBR OUTIN E OUT PAH (CLAST ,C
C - R E C O R D S  O U T P U T  FO R EA CH I N DE P EN DE N T VAR I A B LE STEP

C FUNCTION P A K B I N C V A L L E
C - USED BY OU TPAK

C SUBROUTI NE FIN BIN (TCPU ,L OU )
C - RECORDS CPU TiME AND FINALIZES THE OUTPUT F ILE

C THE MACRO FILE CONTAINS
C SUBROUTI NE CPU (TCPU
C FIRST CALL PFl3~,JDE5 CPU TIME SINCE JOB LOGGED IN S
C SUBSE QUENT CALLS PROVIDE CPU TIME SINCE PREVIOUS
C CA LL

C ARRAYS WI TH V A R I A B L E  D I M E N S I O N S  A B E t CLAST (NBLI(),
C CENP LK ) , AND COM ENT (2 *NBLs~~, W HERE NBLI( IS THE NUM BER OF
C OUTPUT VARIABLES. AT EACH IND E PEN D AN T V A R I A B L E  VALUE , PRIOR
C TO RECORDING THE OUTPUT VALUES. THE IN DEPE NDANT VARIABL E
C MUST BE STORED IN “‘1” AND THE OUTP U1 VALUES MUST BE STORED
C IN THE ARRAY ‘C” . THE ARRAY “CLA SI ” IS USED INTERNALLY BY
C THE SUBROUTI NE “OUTPAX” TO STORE THE LAST RECORDED OUTPUT
C VALUES AND THUS SHOUL D NOT BE SET BY THE USER
C FOR THIS EXAM PLE , W HERE NPLI< = 7, THE FOLLOWING
C STATEMENTS MUST BE INCLUDED

DI MENSION COMENT (IA). CLAST (7 ) .C (7).NAM (2 )
COMMON /ZOUTZ /L ’JU ,N BU FF .BU FFER (12 6) ,NFLA G ,X PC ,NBL I (
COMMON /XOUTX /TITLE (121 ,TZERG. TSAMP ,TTO T,DT ,T ,XLAB (2 )

C THE FOLLOW ING V A R I A B L E S  ARE SET IN THE DATA
C STATEMENTS BELOW :
C XPC - PARAMET ER SUCH THAT A CURRENT OUTPUT
C VALUE YU IS RECORDED ONLY IF A B SCY I-Y 0 )
C IS GREATER THAN 0 .0ISXPC SYO). WHERE Y0
C IS THE LAST VALUE OF THE OUTPUT VARIABL E
C STORED A T A P R E V I O U S  TI M E STEP
C NBLM - NUMBER OF O U T P U T  V A R I A B L E S
C LOU - LOGICAL  UNIT NUMBER FOR THE OUTPUT FILE

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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A PJ’ENDIX 1)—continued

C NAM (2) - OUTPUT FILENAME (MUST HAVE EX TENSION
C NAM E “DAT’)

C T IT LE ( 12)  - TITL E OF UP TO 60 CHARACTERS
C COMENT (N8LK ) - LABEL S OF UP TO 10 CHARACTERS PER
C OUTPUT VARIABLE. THE ARRAY IS SET UP SUCH
C THAT FOR VARIABLE H. cOMENT (20K-I ) AND
C COMENT( 25K)  CONTAIN THE F IRST  AND SECOND
C GROUPS OF F I V E  CHAR A CTERS RESPECTIVEL Y
C OT - REFERED TO IN 1RAN S AS THE INTEGRATION
C INT ERVAL ; ITS ONLY PURPOSE IS TO IDENTIFY
C THE DA TA
C TZERO - LOWER INDEPEN DAN T VARIABL E L I M I T
C TSANP - I N D E P E N DAN T VA RIABL E I N TE RVAL
C TTOT - UPPER INDEPENDANT VARIABLE LIMIT
C NFLAG - A FLAG SET EQUAL TO I INITIALLY
C XLAB (2) - INDEPENDEN T VARIABLE LABEL OF UP TO lB
C CHARACTERS

DATA XPC .NBLK.LOU/0.0I ,7.I/
DATA (NPM (J).J ~~l,2)/ ‘FUNCT.DATS /
DATA (TITLECJ);J .I.9)/’ VAR IOUS FUNCTIONS

I OF X’/
DATA (COMENT (J) ,J=I ,14)/’ EXP (2X ) ‘.‘ SQUARE ‘,

1 SIN(8X ) ,‘X*SIN (BX) ‘,‘SIN SX**2) ,’ SAW .

2 NORMAL * /

DATA DT1 TZERO ,TSAMP . TTOT/0. 0, 0.0. 0.004.2.0/
DATA N FL A G / I/ , (X L A B (J ) ,J 1 ,2 )/ ’  X ‘I

C OPEN 0/P FILE £ RECORD THE LABELLING INFORMATION

OPEN ( UN ITSLOU . FILE NAM )

CALL OPINIT ( COMENT )

C SUBROUTINE CPU TCPU - F IR S T  CALL
CALL CPU(TCPU )

C TCPU CONTAINS CPU TIME SINCE LOGGED IN

C IN IT IAL IZE  INDEPENDEN T VARIABL E
T~ TZERO

C .* . . . .* * .* * *.* *S* * *.* * *St * S*S** * * *S* * * * * * *S  S* * S S S* • * * * **

C T I M E  LOOP IN WH I CH OUTPUT VALUES A R E  CALCLLATED

C AND THEN RECORDED IN ThE OUTPUT BINARY FILE W I T H  THE
C USE OF THE SUBP ROGRAM PACKAGE

20 C O N T I N U E
XaT

C FOR THE INDEPENDENT V A R I A B L E  X . THE FOLLO WING
C ‘7 FUNCTIONS ARE CALCULATE D AND RECORDED

C (I) EXP (2X )
C C I  )a EXP (2 . 0*X )

23

— -.  - —-—.-~~-- - - - .



APPENDIX D—contin ued

C C2) SQUARE WAV E WITH PERIOD 0.4
PCRIOD.l. 4
IF(X .GT.TZ ERO ) GO TO III
C(2) .I.S
SWI TCH~ TSAMP-PERI0D/2. . I £-~~

Ill I~~
( SWITC)~.LT.0) GO TO 141

IP(C (2).GT.0.I) GO TO 120
C C2 )a l . 0
GO TO 230

220 C C 2 ) s - I . I
230 SWITC HSSWITCH-PERIOD/2. I

GO TO III
140 SW ITcM .SWITOI.TSANP

C (3)  S IN( BX )
Ct 3) .S IN(8.0.X )

C C 4 )  X SS I N( B X )
CC 4 )CXSC (3 )

C CS )  S INC8XS.2 )
CC S). S IN(e.es x .52 )

C (6)  5AW TOOTH WITH PERIOD 0 .4
IF (X . G T. TZE RO ) GO TO ISO
Cc 6) .0 .e
GO TO 170

150 CC6) X
1 60 IFCC (6).LT .PER IOD ) ‘.0 TO ITO

CC6 ) CC6 ) - P ER IOD
GO TO 1 60

170 CONTINUE

C (7) STANDARD NORMAL CURVE
C(7).0. 3989SEXP (-X*.2/2 .0)

C OUTPUT VARIABLES AT EACH ITERATION
CALL OUTPA K(CLAST .C)

TaT . TSAM P
IF (T .LE.TTOT .0.SSTSAMP GO TO II

C 0 5 0 5 5 5 0 0* 5 0 0 5* S S 5 5 5 0 5 0 S S* S S S* S S S S* * * 0 5 5 S S S SS * * a S* S S SS S * S S *

C OBTAIN CPU TIME SINCE LAST CAL L (OF CPU). OUTPUT LAST
C BUF’FERF’ULL . A ND CLOSE OUTPUT FILE

CALL. CPU(1’CPU)
CALL TINBI N(T CPUa LOU )
CLOSEt UNI TaLOU. P’ILE aNAM

END

24 
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APPENIMX E
Parameters and Labelling Inform ation at Beginn ing of the Input File

Vs~’rd Number(s) Contents

Number of output values (N)

2 l3 Title of 60 characters

14 17 Date and l ime of creation of the output tile obtained s~hen runn ing
B O M M P . sshich is the input file for TRANS

IS Output t imet interval

19 Integration !nters-a T used when running BOMMP f~’or reference onl y)

20 t p i - ~r t irnc sa lue

2 1 1 ossc r t imet sa luc

22 (24 3 N N - I groups of ’ three words , ~s here the f irst word contains a block
number and t he second and third words contain t he corresponding
block label of ten charact ers specified when running BOMMP
(blank ii not spec ified)- The first group of three words contains the
independent ariab le block number ( — I) and label

~ or independent variable.

25 
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APPEND IX F

(I) Output Pi’oi~ra,,, Struc ture: i bij o r Subroutines

Names Effect Section(s) for
Reference

FR \ NI Initiates control of the program 2

FR \ N 2 Controls the ~1os~ of the program 2

U NCOM Unpacks block labels 5. 1

INIT IA Unpacks initial set of block values 5.1

UNPACK Unpacks subsequent sets of block values 5 .1

PNTHDS Produces headings for Telet~ pe and line printer 2.2 , 3.4
tabular output

PR INT Produces Tele t vp e and line printer tabular output 2 .2, 3.4

HEAL)NS Produces headings for Tekt~pe and line printer 2.2 , 3. 4
grap hical output

I.P[.OT Produce s Tcle~vpe and line printer grap hical output 2.2 . 3.4

(‘AX IS Calcula tes origins and scale ’s for incremental p lotter 3.5
on t put

STRIP Produces curs Cs for incremen t al plo tt er ou t pu t 3 5

GRI I). PLTHD Produces ases and labelling information for m ere— 15
mental plotter output

26
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AI’PI\I)I\ I’ - - continu ed

(2) Output / ‘ r u . r~j , iJ ‘S! ’u  (U \ - ‘  u e \uh, . ’u t i ’,  .l !.l / ‘‘h ( (UPS ’

N,ime) ‘,) I Ile~ t ‘scc i i , ’ iu f  s)  fo r

Rek rencc

l ) l \ (  ~,~~u i i J ~ hell on the I elet~pc

I spand~ an a l i as  to t he defined numh~’r f c lcment~
“ce R ’ t e I L ’Ii . .’ 2

1 ( 1 1 1 - C. b~. Se., I i~’~ h r  ,i ft ~n ihe disk

GTA(~, I N B L K . -\~ Le pS ~ li~ t~ hI,s.k number’, from Ilic l elci~ pc t i
ISRT each IUI In ~‘t out put

ISRCH I)eterniines pout ~~n I block in the list

M A X M  I N , XS( ’ .\ I I - . ( ,ilculate~ conscil l ent I~~sc r and upper l imits t~’r 3 3
\ S ( ’AI  I . l- \ I I N  ~!ral)l1I~

,’aI out put

NIXM , Pl)A1 F -\cccpt ~ ness ~~aL lt in~t s f r om the 1clet~ pe and up dates 3 2
the tile FR \ N~ ‘s1~ I.

NBR L’~cd h~ . INI  I I  \ and ‘I. NP-\ ( K’ to rea d in a new 5 I
recor d of I 2 (2 d,o,i sso rds

N (JM BE R . S\’N1BOI.~ Plots numbers and s~ mhols on the incremental plotter 3 .5

OVI~RL/t . Ol 1ST I. sed for  ‘o~cr ho ‘ plots 3.5

PLOT* Plots lines and points on the incremental plotter 3.5

RE)(’ I tj sed t o  determine ‘.~ hether a tile iii ,,~ he rea d f ’rom t he —

disk

R IT(’PU Out puts (‘P1. - run time on line printer out put 3. 4

TI) I: nables either 1 eletvp e or line printer output to he 2 .2
specified

TIMOUT Outputs ( P t  - run t ime to Telet~pe 2.1

TXT . AP E- NI) . ‘\cccpt s labelling moditicat ions f’roni t he Tele r pe and 3.2
OBTAI N updates the tile FRANS . IBL

X A X I S , \ . \ X  IS , I Jsed b~ ‘GRi I)’ to  plot uses and labelling info rmation 3.5
(‘OM(’HK , N l ( K  I ,
NT(’ K

ZERo . R I \1 V I Reiii ,’scs block numbers from list s s~ hen output is —

corn plc ted

* A R  I , I .ihrzi rv subroutine .

t VVrittc’n in ~‘d \ (  RO - l O .

27
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TIME
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