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SUMMARY

The *block oriented’ simulation language CSMP-10(ARL) consists of a modelling
program, which performs the model simulation and stores the output in a binary file, and
an output program, which prints and plots the character conversion of the binary file.
The output program which is described here, is written mainly in FORTRAN 1V for a
PDP-10 computer and is controlled interactively from a Teletype. Although the output
program has been written primarily to be used in conjunction with the modelling program,
it may also be used as a general purpose output program by using a supplied subprogram
package. The program provides Teletype and line printer output in either tabular or
graphical form and incremental plotter output in the form of ‘strip® or ‘overlay’” plots.

POSTAL ADDRESS: Chief Superintendent, Aeronautical Research Laboratories,
Box 4331, P.O., Melbourne, Victoria, 3001, Australia.
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1. INTRODUCTION

When performing computer simulations of continuous and discrete dynamic systems, large
amounts of output data are often generated and presented as tables or plots of variables as
functions of time. Since much of the program writing 1s concerned with outputting the data,
simulation languages, with their generalised output facihities, offer many advantages to the pro-
grammer, both in convenience and economies of effort. However, an ideal form of output is not
always possible because of limitations in the variety of output presentation.

In developing a modified version of the *block oriented” simulation language CSMP-10,!
called CSMP-10(ARL).* one of the major changes made has been to divide the language into
a modelling program named BOMMP (Block Oriented Mathematical Modelling Program)
and an output program named TRANS (Translation). The modelling program is used to
perform the simulation and store the output, at the completion of each time step, in binary
form on a specified storage device. The output program is used to print and plot the character
conversion of the binary file in either tabular or graphical form. In CSMP-10, which was
developed from CSMP-9.3 a significant amount of core storage 1s used to code the output section
of the program. By dividing the language into two parts, the amount of core storage available
for each process is significantly increased. This allowed more facilities to be included in both
the modelling and output section of the language as well as increasing the size of the problem
that can be handled. Because the ‘raw’ output data are stored in a file in binary form by the
modelling program, various forms of output of the same data may be obtained without repeat-
ing the simulation. A saving of storage is made in the binary file by storing an output value only
if it changes by more than a prescribed percentage from the value last stored.

In Reference 2, which fully describes the modelling program, only a brief account of running
the output program is given: a full description is given here. Although the output program has
been written primarily to be used in conjunction with the modelling program, the output
program may also be used independently as a general purpose output program, provided
data are supplied in the appropriate format. As with BOMMP. the program TRANS is
designed to be run interactively from a Teletype.

The output program is written mainly in FORTRAN IV for the PDP-10 FORTRAN
compiler *F40 Version-27" running under the operating system *FOROTS'. The program provides
Teletype and line printer output in either tabular or graphical form and incremental plotter
output in the form of *strip” plots (of the form produced by a multi-channel chart recorder) and
‘overlay” plots (a single graph for up to eight output variables).

The output file obtained by running BOMMP, which becomes the input file for TRANS,
includes the time limits and interval, a title, and labels identifyving all the variables. Subject to
some restrictions, these may be redefined. For graphical output, convenient scale limits are cal-
culated by TRANS: however. these limits may be defined by the user.

The basic operations of the output program necessary to produce Teletype output are given
in Section 2, and in Section 3 are described the operations which enable the user to

() obtain line printer and incremental plotter output,

(b) redefine the time parameters and labelling information, and

(¢) define the scale limits used for graphical output.

With the aid of a complete example, Section 4 shows how the output program may be used
without running the modelling program, and in Section 5 a description is given of the structure
of the computer program and the input file.

2. BASIC OPERATIONS OF OUTPUT PROGRAM

This section explains how, using basic operations, the output program may be run to
produce Teletype output. Much of this section is contained in Reference 2. but is included here
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for completeness of presentation. In the block oriented language CSMP-10(ARL), the output
variables are referred to as blocks, and each block is identified by a number. The file containing
the 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 by the modelling program to store the various state-
ments specifying the current model.? 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
Appendix A.

2.1 Setting up the Program

For the PDP-10 computer the relocatable binary file TRANS.REL is first loaded and a
core image (TRANS.SAV) is saved. Execution of the program is then initiated by the user and
the filename (without extension) of the block output file produced by running BOMMP is typed
by the user. The filename, which is OUTPT for the example shown, has a maximum of five
characters. The output program then types the title, date and time of creation of the block
output file, integration interval, run CPU time, and time parameters, followed by an **', which
signifies the command mode (see below). An example of how to set up the program in the above
manner is shown below :

.RU TRANS

I'P FILENAME OuUTPT Extension name *DAT" is assumed
NON-LINEAR SPRING WITH DASHPOT

I'P FILE RECORDED ON 21-APR-76 AT 16:57

INTEGN INT 1.OOOOE ~01; RUN CPU TIM! 1.25 SEC

TIME FROM 0.0000E 01 TO 2.0000F 0l IN STEPS OF | 0O000F - (X)

Although the filename extension is not specified by the user. the extension name ‘DAT" is
assumed. If, in the above example, a file named OUTPT DAT 15 not found on the disk, the
message

OUTPT.DAT NOT ON DISK
I'P FILENAME

is typed by the program so that a new filename may be specified.

As with the modelling program, the output program is controlled by commands, which are
typed by the user whenever an **" is typed by the program (1.e. whenever control is at the com-
mand mode). The commands may be shortened to three characters and are listed with brief
descriptions in Table 1.

By using the appropriate commands, one or more particular types of output may now be
specified. To process the input file, producing tabular or graphical output. the *GOE’ command
should follow. Control is then returned to the command mode Repetition of the appropriate
command for a particular type of output before the ‘GOE’ command. deletes the effect of the

t Teletype messages typed by the user are shown in bold upper case: messages type by the
computer program are shown in italic upper case. Comments on Teletype messages are shown
in upper and lower case print alongside the appropriate message.

2
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TABLE 1
OQutput Program Commands

All commands may be shortened to three characters

Section(s)
Command Effect for
Reference
EXIT Returns control to the monitor 2.1
GOE Processes the input file to obtain tabular or graphical output 2.1
for the commands ‘PRCOLUMN’, ‘PRPLOT", ‘PLSTRIP’,
and ‘PLOVERLAY"®
LABEL Enables modification and addition to labelling information 3.2
PLOVERLAY  Specifies ‘overlay™ plotting on the incremental plotter 3.5
PLSTRIP Specifies “strip® plotting on the incremental plotter 3.5

PRCOLUMN  Specities tabular output on the line printer or Teletype in the 22,34
form of printed columns

PRPLOT Specifies graphical output on the line printer or Teletype 22,34

RUN Equivalent to the commands (in order) ‘PRCOLUMN’, 3.6
‘PRPLOT", *PLSTRIP, and *GOE"; if any form of output
is not required, a ‘carriage-return’ is typed in place of the
block numbers

SCALE Enables the vser to specify scale limits used for graphical 353
output
TIME Redefines time parameters 3.1

previous use of that command: repetition after the ‘GOE’ command. results in additional
output. Control is returned to the monitor by the *EXIT" command.

2.2 Teletype Output

The commands ‘PRCOLUMN’ and ‘PRPLOT" are used to obtain tabular and graphical
output respectively on either the line printer or Teletype. On the graphical output, line spaces
correspond to equal increments in time (or dependent variable), and column spaces correspond
to increments in the output variables. For each of these commands, the required block numbers,
which are separated by ary non-numeric character, are first listed. They may be typed on more
than one line, each line consisting of a maximum of 72 characters, and the list is terminated by
two consecutive ‘carriage-returns’. If all the block numbers are required, the user may type A
in place of the individual block numbers, in which case a single ‘carriage-return’ terminates the
list. When specifying blocks by their individual block numbers, a maximum of a hundred blocks
may be processed each time the ‘GOE’ command is used: however, all blocks are processed when
the user types A instead, even if there are more than a hundred blocks. Following the Teletype
message

IS OP TO TTY REQRD :

the user types Y if the output is to be printed directly on the Teletype, or any other character,
including a “carriage-return’, if the output is to be stored on a disk file so that the resulting file
can subsequently be printed on the line printer (see Section 3.4). This latter form of output

3




contains more information than the Teletype output. On completing the Teletype responses to
either the ‘PRCOLUMN' or ‘PRPLOT’ commands, the program returns control to the command
mode. The ‘GOE’ command is then used to obtain the Teletype output. It should be noted that
both tabular and graphical output cannot be obtained on the Teletype by using a single ‘GOE’
command following the ‘PRCOLUMN" and ‘PRPLOT' commands.

All values printed on both forms of Teletype output are shown to three significant figures.
For the Teletype tabular output, up to six variables, in addition to the time, are printed in
columns on the same table. If more than six are to be printed, six at a time (or the remainder if
the last group is less than six) are printed in separate tables. For the Teletype graphical output,
up to five variables, represented by the symbols * +*, **' *w@*, * - ", and * #", are displayed on the
same graph with a width of 50 character spaces per line (i.e. 51 distinct points). Where two or more
symbols coincide, the one appearing last in the above list is shown. If more than five variables
are to be plotted, five at a time (or the remainder if the last group is less than five) are plotted on
separate graphs. Convenient plotting 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 the user).
The output is printed or plotted over the full time interval for which data are stored in the
output file, unless the “TIME" command is used to restrict the time interval (see Section 3.1).

The following example shows how both tabular and graphical Teletype output may be
obtained for the non-linear spring problem:

*PRC
PRINTING IN COLUMNS :

1 BLKS
A List terminated by a single ‘carriage-return’

IS OP TO TTY REQRD : Y

*GOE

** RUNNING **

(See Section 1 of Appendix B for Teletype output)
*PRP

PRINTER PLOTS :

BLKS
9.4 List terminated by two consecutive ‘carriage-returns’

IS OP TO TTY REQRD : Y

*GOE

** RUNNING **

(See Section 2 of Appendix B for Teletype output)
*EXI

END OF EXECUTION

CPU TIME 2.27: ELAPSED TIME: 9:9.82
EXIT




| 3. FURTHER OPERATIONS OF OUTPUT PROGRAM

The basic operations necessary to produce Teletype output only were described in the
previous section. This section describes operations enabling the user to

(¢) obtain line printer and incremental plotter output, §
(b) redefine the time parameters and labelling information, and } ‘
(¢) define the scales used for graphical output. ;
The non-linear spring problem output is again used as an example, butthe output file OUTPT.DAT
is obtained by running BOMMP with an output interval of 0.1 (previously 1.0); this allows
smoother curves for output on the incremental plotter. Various files are created by the output
program to store labelling, scaling, or output information. The labelling and scaling information
may be read in when re-running the program, and the output information enables printed and
plotted output to be obtained appropriately on the line printer or incremental plotter. The
labelling and scaling files are named TRANS.LBL and TRANS.SCL respectively. The files
containing output information are of the form *filename™."extension”, where *‘filename” is
the filename (without extensicn) of the block output file produced by running BOMMP (i.e.
OUTPT for the present example), and “extension™ is set by TRANS for each form of output.
Table 2 provides a summary of the disk files created by TRANS on using the appropriate
commands.
TABLE 2
Disk Files Associated with Commands
Files containing output information for subsequent printing or plotting
have the filename (without extension) of the block output file produced
by running BOMMP (i.e. OUTPT for the present example)
Logical
Command Name of File Unit Number
LABEL TRANS.LBL 2
PLOVERLAY, PLSTRIP OUTPT.PLT 9
PRCOLUMN OUTPT.COL 11
PRPLOT OUTPT.PPL 10
SCALE TRANS.SCL g
3.1 Time Paramcters 1

Preceding the output values stored in the block output file produced by running BOMMP
are the lower and upper time values and the output time interval (see Section 5.1). The number of
time values for which printed or plotted output is required may be reduced by redefining these
parameters using the *TIME' command. For the incremental plotter though, the ‘TIME’ com-
mand has no effect on the interval used for plotting. When using the ‘“TIME’ command, times
are always expressed in the units used in the block output file. For the present example, the
lower and upper time values of 0 and 20 respectively are unchanged. and the output interval of
01 is altered to 0.5 as follows:

*TIM

TIME PARAMS, LOWER, UPPER, INTERV AL 0, 20, 0.5




3.2 Labelling

Various parameters and labelling information are stored at the beginning of the block output
file produced by running BOMMP (see Section 5.1). On reading in this file, TRANS stores the
labelling information so that the various forms of line printer and incremental plotter output
produced by TRANS may be ;uitably labelled. The labelling information includes the modelling
program title of one line of sixty characters and a list of block labels consisting of one line of ten
characters for each block. The first of these block labels is the independent variable label (referred
to here as X label) of ‘TIME’. A block number of -1 is used to identify this particular label.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 ‘BLK # n’, where n is the appropriate block number. For
graphical output, blocks are identified by their label, rather than by their number as is the case
with Teletype output. Both labels and block numbers are shown for line printer tabular output.

The ‘LABEL’ command enables the title and labels to be redefined and allows the speci-
fication 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 ‘LABEL’ command, the labelling infor-
mation required for a particular graphical or tabular output may then be read in from this 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 file 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 (@) ‘source’, (b) ‘listing’, and (¢) ‘modification’
stages. The start of each of these stages corresponds to the following Teletype messages typed
by TRANS

(@) IS LABELLING TO BE READ FROM DSK :
(b) IS TTY LISTING REQRD :
(¢) ARE MODIFICATIONS REQRD :

The user answers each message appropriately by typing Y for ‘yes' or any other character for ‘no’.
For the ‘source’ stage, if the user responds by typing Y, the labelling information is read in
from a file named TRANS.LBL; otherwise, the labelling information already stored by TRANS

is used.
If ‘listing’ is required, the program first types the title followed by the message

BLKS FOR LISTING

The user then specifies the appropriate block numbers, either individually on a single line
consisting of a maximum of 72 characters or by typing A if all the block numbeszs are required.
In each case, a single ‘carriage-return’ terminates the list. If individual block numbers are specified,
following the listing of the corresponding labels, the above Teletype message is repeated so that
further block numbers may be specified. This process is repeated until the user types a ‘carriage-
return’ only in place of a list of block numbers. If all the block numbers are specified (i.e. by
typing A), the listing section is automatically terminated following the complete listing of the
labels.

If *modifications’ are required, then for each line of labelling information to be modified,
the user types the block number followed by the line number and labelling information text. For
the labels, the block number is set equal to the number used to identify the corresponding output
value, but for the title, the block number is set equal to zero. For both the title and labels, the
line number is set equal to one if the labelling information of one line read in from the block

t In the modelling program, block number 1 is reserved for the time or independent variable.
Because the output program may be used independently of the modelling program (see
Section 4), TRANS identifies block number - 1 as the time or X value.
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output file is to be modified, and is set equal to two if the additional line is to be specified or
modified. When the modifications are completed, control is returned to the command mode by
typing an additional ‘carriage-return’.

The two examples given below show how (1) 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 during either the same run or a subsequent one, the modified title and labels
are read in from the file TRANS.LBL and listed on the Teletype. In Example 2, the same listing
would be obtained without reading the labelling information from TRANS.LBL (i.e. the user
types N to the above message (a) ) if the ‘LABEL’ command was repeated during the same run.

Example 1
*LAB
BLK NO. —1 DENOTES INDEP VARIABLE
IS LABELLING TO BE READ FROM DSK : N
IS TTY LISTING REQRD : Y
TITLE
NON-LINEAR SPRING WITH DASHPOT
Additional line is blank
BLKS FOR LISTING

A By typing A, ‘listing’ stage automatically
terminated following complete listing

BLK LABEL
i TIME
Additional line for each label is blank
9 ¥

4 Y DBLE DOT
48 Y DOT

10 BLK= 10

ARE MODIFICATIONS REQRD : Y

BLK (0 FOR TITLE), LINE, TEXT

0,1, NON-LINEAR SPRING WITH DASHPOT

0,2, DATA (STORED IN OUTPT.DAT) PRODUCED BY RUNNING BOMMP
-1,2, SEC

4, 2, FT/SEC/SEC

9,2, FT

48,2, FT/SEC

Additional ‘carriage-return’ terminates the list
*




Example 2

*LAB

BI.K NO. | DENOTES INDEP VARIABLE

IS LABELLING TO BE READ FROM DSK : Y
IS TTY LISTING REQRD : Y

FITLE
NON-LINEAR SPRING WITH DASHPOT

DATA (STORED IN OUTPT.DAT) PRODUCED BY RUNNING BOMMP

BLKS FOR LISTING

-1,4,9, 48 Single ‘carriage-return’ terminates the list
BLK LABEL
-1 TIME
SEC
4 Y DBLE DOT
FT[SEC[SEC
9 Y
FT
48 Y DOT
FT/SEC

BLKS FOR LISTING
‘Carriage-return’ at beginning of line termin-

ARE MODIFICATIONS REQRD : N ates ‘listing’ stage

*

The file TRANS.LBL may be created or modified without running TRANS. A listing of
TRANS.LBL created in Example 2 above is given below to illustrate the exact form of the file;
the format statement is FORMAT(14, 1X, 12A5) for cach line of the title, and FORMAT(14,

1X. 4A5) for each label:

0 NON-LINEAR SPRING WITH DASHPOT

0 DATA (STORED IN OUTPT.DAT) PRODUCED BY RUNNING BOMMP
-1 TIME SEC

9 \ FT

4 Y DBLE DOTFT SEC/SEC

48 Y DOT FT/SEC

10 BLK =~ 10

3.3 Scaling for Graphical Output

On reading in the block output file produced by running BOMMP, the output program
determines lower and upper data limits for the independent variable (referred to as X) and for
each of the block variables. Whenever the ‘“TIME' command is used, the data limits are re-
determined for the reduced number of data values. When graphical output is required. these
limits are then used to calculate convenient plotting scale limits. The ‘SCALE' command enables
this process to be bypassed and the scale limits to be provided by the user and stored in a file
named TRANS.SCL for future use. Data limits determined by TRANS on reading in the block
output file are not stored in TRANS.SCL. On subsequently running TRANS, the limits required

8




for a particular graphical output may be read in from the file TRANS.SCL on using the ‘SCALE’
command. As with labelling information, lower and upper limits may be defined for blocks
whose output values are not always read in. When the user defines the scale limits, they are used
for graphical output without any modification. Scale limits defined for the X scale are used only
for incremental plots, whereas 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.

Use of the *SCALE’ command is very similar to that of the ‘LABEL’ command, and the
two examples below correspond very closely to those used to illustrate the ‘LABEL’ command.
Differences may be seen by comparing the examples. For the ‘listing’ stage, the limits are
followed by * # = =" if they are data limits determined by TRANS on reading through the block
output file. For modifications, on each line the user types the block number followed by the
lower and upper scale limits.

Example 1
*SCA
BLK NO. -1 DENOTES INDEP VARIABLE
ARE PLOT SCALE LIMITS TO BE READ FROM DSK : N
IS TTY LISTING OF LIMITS REQRD :Y
DENOTES DATA LIMITS ONLY (USED TO DETERMINE i LOT SCALES)

BLKS FOR LISTING
A

BLK LOWER UPPER
—1 0.0000E—01 2.0000E+01 # # #
9 —LOOOOE + 01 6.4689E - 00 = = =
4 —8.7514E+00 2.0000E-+01 # # #
48 —4.7558FE 00 94473E - 00 = # 4
10 —1.0000E - 02 4.2564E 01 # # #

ARE MODIFICATIONS REQRD @Y

BLK, LOWER, UPPER

10, -60, 40
4, -10, 14
*

Example 2
*SCA
BLK NO. | DENOTES INDEP VARIABLE
ARE PLOT SCALE LIMITS TO BE READ FROM DSK @'Y
IS TTY LISTING OF LIMITS REQRD : Y
DENOTES DATA LIMITS ONLY (USED TO DETERMINE PLOT SCALES)

9




BLKS FOR LISTING
4, 10, 48

BLK LOWER UPPER
4 - 1.O000E - 01 1.4000E+01
10— 6.0000E - 01  4.0000E + 01
48 4.T7558E 00 9.4473E 00 # #

BLKS FOR LISTING
ARE MODIFICATIONS REQRD : N

*

As with TRANS.LBL, the file TRANS.SCL may be created or modified without running
TRANS. A listing of TRANS.SCL created in Example 2 above is given below to illustrate the
exact form of the file; the format statement for each line is FORMAT(14, 2(IPEI2.4) ). and
because the limits for only two blocks were defined, the file contains only two lines:

4 - 1.0000E : 01 1.4000E - Ol
10 —6.0000E : 01 4.0000E - Ol

3.4 Line Printer Output

The commands ‘PRCOLUMN" and ‘PRPLOT" used to obtain tabular and graphical outpuu
respectively have been described in Section 2.2. However. only the Teletype form of output was
described in detail. The line printer form of output obtained from the disk file is fully described
in this section. The tabular and graphical outputs for the line printer are stored by the output
program in the files “filename”™.COL and *‘filename™.PPL respectively: both forms of output
may therefore be obtained on using a single *‘GOE’ command following the ‘PRCOLUMN" and
‘PRPLOT’ commands. On the line printer, all values printed are shown to five significant figures
and labels are used to identify the blocks instead of the block numbers for graphical output, and
both labels and block numbers are shown for tabular output. The title, date and time of creation
of the biock output file, integration interval, and run CPU time are also printed. For the tabular
output, up to ten variables, in addition to the time, are printed in columns on the same table,
and for the graphical output, the graph has a width of 100 character spaces per line (i.e. 101
distinct points) and symbols are overprinted by other symbols for points that coincide.

The following example shows how the files OUTPT.COL and OUTPT.PPL may be generated
for the present example; the redefined time parameters, labelling information, and scales specified
in Sections 3.1 to 3.3 are used:

*PRC

PRINTING IN COLUMNS :

BLKS
A

1S O/P TO TTY REQRD : N
*PRP

PRINTER PLOTS :




BLKS
A

IS O/P TO TTY REQRD : N
*GOE

** RUNNING **

On subsequently using the ‘EXIT command in the above example, the files OUTPT.COL
and OUTPT.PPL may be printed by running the system program ‘PRINT’, and are shown in
Appendix C. Because carriage control characters are used extensively to produce the graphical
output, the file OUTPT.PPL should be printed using the *P* switch (on the PDP-10 computer)

as follows:

.R PRINT

17:40*OUTPT.PPL/P$

FILES PRINTED  REQ. PAGES
QUTRE "EPL RO1 2
EXIT

Carriage control characters are used minimally to produce the tabular output so that use of
the *P* switch is optional when printing the file OUTPT.COL..

3.5 Incremental Plotter Output

The commands *PLSTRIP and ‘PLOVERLAY are used to obtain ‘strip’ plots (of the form
produced by a multi-channel chart recorder) and “overlay’ plots (a single graph for up to eight
output variables). Each form of output is stored in the file “filename™ PLT. Time, or the inde-
pendent variable, is shown on the abscissa (X axis). and the output variables are shown on the
ordinate (Y axis). As with line printer output, the title, date and time of creation of the block
output file, integration interval, and run CPU time are shown on each plot. Labels are used to
identify the blocks instead of the block numbers.

For both commands. the block numbers required are first listed in the same way as for the
‘PRCOLUMN" and ‘PRPLOT" commands (i.e. the user types A or specifies individual tlock
numbers). For the ‘PLOVERLAY' command only, the block numbers, whose lower and upper
variable limits are used to determine the Y plotting scale are then listed in the same way. Finally,
for both commands. the lengths of the X and Y axes expressed as an integer number of inches
are then specified: the length of the Y axis must not exceed 8 in.

The *strip’ plots are automatically arranged in adjacent strips such that the total span of the
Y axes does not exceed 8 in: further sets of plots are created until all the variables are plotted.
As with graphical output on the Teletype or line printer, convenient plotting scale limits are
calculated by the program for each output variable, unless the scale limits are specified by the
user. For the “overlay” plots. up to eight variables may be plotted on the same graph using a
cormmon scale. If there are more than eight, only the first eight are plotted: the remainder are
ignored and an appropriate error message is typed (see Appendix A). Using only the block
numbers specified for determining the Y plotting scale, the smallest lower limit and largest upper
limit are determined. 1f both limits are scale limits specified by the user, they are used without
modification. If at least one limit is a data limit, a convenient plotting scale is calculated by the
program. Including the title and labels, a plot will fit within the International standard A4 paper
size for an X axis of length 5n.
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The two examples given below show how for the present example, using the modifications of
Sections 3.1 to 3.3, the file OUTPT.PLT may be obtained for (1) *strip” plots and (2) *overlay’
plots. Two separate runs of TRANS were made: however, both plots may be obtained on the
one file by using a ‘GOE’ command after each plotting command.

Example 1

*PLS

STRIP PLOTS :

BLKS

4,48, 9, 10 Full list of block numbers typed individually in place of A
to obtain desired order of plots

LENGTH OF AXES IN INCHES; X, Y = 5,2

*GOE

** RUNNING**

*

Example 2
*PLO
OVERLAY PLOTS :

BLKS

9, 48, 4

BLKS TO DETERMINE Y SCALE

4 List terminated by two consecutive ‘carriage-returns’, as

in previous list
LENGTH OF AXES IN INCHES, X, Y 58

*GOE
** RUNNING **

*

On subsequently using the ‘EXIT" command in each of the above examples, the file
OUTPT.PLT may be plotted (see Figures la and 1b) by running the system program ‘PLOTQ’
as follows:

.R PLOTQ

10:57*OUTPT.PLTS

FILES PLOTTED REQ. FEET LIMITS

ourer .PLT RO1 2 X(8.50°, 1'10.507), ¥Y(-35.32",6")
EXIT




3.6 The ‘RUN’ Command

The *RUN' command is equivalent to the individual commands ‘PRCOLUMN’, ‘PRPLOT",
‘PLSTRIP", and ‘GOE’ in the order shown. If any form of output is not required, a ‘carriage-
return’ is typed in place of the block numbers. The use of the ‘RUN’ command is demonstrated
by the following example, which repeats the examples of Sections 3.4 and 3.5 (except for
‘overlay’ plotting):
*RUN
PRINTING IN COLUMNS :

BLKS
A

IS OP TO ITY REQRD : N
PRINTER PLOTS :

BLKS
A

IS O/P TO TTY REQRD : N
STRIP PLOTS :

BLKS
4, 48,9, 10

LENGTH OF AXES IN INCHES, X, Y = 5,2

** RUNNING **

*

4. USE OF OUTPUT PROGRAM WITHOUT RUNNING THE
MODELLING PROGRAM

A subprogram package consisting of the FORTRAN file PAKAGE.F4 and MACRO-10
file CPU.MAC is available to enable the user to obtain an input file for TRANS without running
BOMMP. An example of a main program that generates certain functions and stores the results
in the file FUNCT.DAT in binary form for input to TRANS is given in Appendix D. Comments
in the listing of the example main program provide a complete description on how to use this
facility. The following is an example run of TRANS that uses the input file FUNCT.DAT
created on running the above program:

.RU TRANS

I/P FILENAME FUNCT
VARIOUS FUNCTIONS OF X

I'P FILE RECORDED ON 27-JUL-76 AT 14:02
INTEGN INT 0.0000E 01, RUN CPU TIME 1.35 SEC.
TIME FROM 0.0000E - 01 TO 2.0000E + 00 IN STEPS OF 4.0000E 03
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*LAB

BLK NO. - | DENOTES INDEP VARIABLE
IS LABELLING TO BE READ FROM DSK : N
IS TTY LISTING REQRD : Y

TITLE

VARIOUS FUNCTIONS OF X

BLKS FOR LISTING

A
BLK LABEL
—1 X

I EXPQX)
2 SQUARE
3 SIN@SX)
4 X*SIN@SX)
5 SINBX**2)
6 SAW
7 NORMAL

ARE MODIFICATIONS REQRD : Y

BLK (0 FOR TITLE), LINE, TEXT

2,2, WAVE

6,2, TOOTH

7,2, CURVE

*SCA

BLK NO. — 1 DENOTES INDEP VARIABLE

ARE PLOT SCALE LIMITS TO BE READ FROM DSK : N
IS TTY LISTING OF LIMITS REQRD : Y

4 4 4 DENOTES DATA LIMITS ONLY (USED TO DETERMINE PLOT SCALES)

14




BLKS FOR LISTING
A

BLK LOWER UPPER
—1  0.0000E—01 2.0000E+00 # # #
I 0.0000E—01 54598E+01 # # #
2 —1.0000E 400 1.0000E+00 # # #
3 —9.9738E 01 9.9777E—01 # # #
4 —1.3759E + 00 1.7571E+00 # # #
5 —9.9998E 01 9.9900E—01 # # #
6  0.0000E-—-01 4.0000E—0] ###
7 0.0000E-01 3.9890E—01 # # #

ARE MODIFICATIONS REQRD @'Y

BLK, LOWER, UPPER
1,0, 20

*PLS
STRIP PLOTS :

BLKS
A

LENGTH OF AXES IN INCHES: X, Y = §,1
*GOE
** RUNNING **

*EXI

END OF EXECUTION
CPU TIME: 860 ELAPSED TIME: 4:49.52
EXIT

.R PLOTQ

14:24*FUNCT.PLTS

FILES PLOTTED REQ. FEET LIMITS

FUNCT .PLT ROI 2 X(8.50", 1'10.50"), Y(—5.32",5")
EXIT

The output file FUNCT.PLT obtained above is shown in Figure 2.

In the above example, the labelling information and plotting scales were modified inter-
actively while 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 be effected directly in the main program by opening the files TRANS.LBL and TRANS.SCL,
and storing the modified information in these files in the format specified in Sections 3.2 and 3.3.
On running TRANS, the labelling information and plotting scales would then be read in using
the ‘LABEL" and ‘SCALE’ commands respectively.
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5. DESCRIPTION OF OUTPUT PROGRAM

The input file structure and computer program structure are briefly described below. Further
information may be obtained by referring to the FORTRAN listing.

5.1 Input File Structure
The input file for TRANS, which is generally the block output file obtained by running
BOMMP, is a binary file consisting of full disk blocks of 128 words. The modelling program
arranges the data into records of 126 data words with two additional words being used by the
operating system ‘FOROTS' to signify the beginning and end of each record
To save storage, when running BOMMP an output value is only stored if it changes by more
than a prescribed percentage from the value last stored at a previous time value. The data are
therefore stored in the form of pairs consisting of a block number (stored as a real variable
rather than as an integer) followed by the corresponding output value. A block number equal to
1 is used to indicate that the next word 1s a new time or independent variable value. For N
blocks, the first 24 + 3N words of the input file are used to store various parameters and
labelling information (see Appendix E). The next 2+ 2N words consist of a block number of 1,
the lower time value, followed by N block number and block value pairs. Subsequent!y, a block
number of — 1, a time value, followed by a maximum of N block number and value pairs are
stored, the actual number depending on whether the block values have changed sufficiently from
their value last stored at a previous time step. Finally, the run CPU time is stored.

5.2 Program Structure and Storage Requirement

The computer program consists of a small main program (MAIN.) used to open the arrays
that are later expanded, a number of major subroutines and various service subroutines and
functions (see Appendix F). When loaded on the PDP-10 computer the program requires 13 K
words of core store (1K - 1024). On running the program, a number of arrays are expanded so
that an additional 8N words are required, where N is the number of blocks.

6. CONCLUDING REMARKS

Although designed to be used as the output section of the “block oriented’ simulation
language CSMP-10(ARL}. the output program that has been described may also be used as a
general purpose output program by using a supplied program package. As with the modelling
program, which is used to perform the model simulation in CSMP-10(ARL) and store the output
in a binary file. the output program is written mainly in FORTRAN IV for a PDP-10 computer
and is controlled interactively from a Teletype. Provision has been made for Teletype and line
printer output in either tabular or graphical form and incremental plotter output in the form of
‘strip’ or *overlay’ plots. Facilities have been introduced that provide a large degree of flexibility
in allowing the user to redefine the time parameters, labelling information, and plotting scales.
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APPENDIX A
Output Program Diagnostic Error Messages

To distinguish the following error messages from the FORTRAN compiler diagnostics, all
the messages below are preceded by an exclamation mark (!). An integer constant is represented
by n and ‘s.e.” is used to abbreviate ‘self-cxplanatory’.

! CODE PRIOR TO CALL TO EXPAND UNRECOGNIZED --obtain a new copy of the
file TRANS.SAV: if error persists, keep data files and consult originator

COMMAND ERROR —invalid program command

END OF I P FILE REACHED BEFORE UPPER TIME VALUE —s.e.

FILE TRANS.L.BL. (CONTAINING LABELLING INFORMATION) NOT ON DSK —
labelling information already stored by TRANS is used

FILE TRANS.SCL (CONTAINING SCALE LIMITS) NOT ON DSK --data limits deter-
mined by TRANS on reading in the block output file are used

FIRST 100 BLOCKS ONLY WILL BE PROCESSED - when specifying blocks by their
individual block numbers, a maximum of a hundred blocks may be processed each time the
*‘GOE’ command is used following one or more of the commands ‘PRCOLUMN’, ‘PRPLOT’
and ‘PLSTRIP’

FIRST 8 BLKS ONLY WILL BE PROCESSED —a maximum of eight blocks may be
processed for ‘overlay’ plots each time the ‘GOE’ command is used following the
‘PLOVERLAY" command

INCOMPLETE FILE — for incorrect or incomplete format for parameters and labelling
information at beginning of input file (see Appendix E): may occur when creating the input
file without running BOMMP (see Section 4)

LENGTH OF X AXIS MUST BE A + VE INTEGER —s.e.

LENGTH OF Y AXIS MUST BE A + VE INTEGER LESS THAN 9 —s.e.

LOWER LIMIT MUST BE LESS THAN UPPER LIMIT —when specifying scale limits

NOT ENOUGH CORE TO SET UP ARRAYS - when expanding arrays in ‘EXPAND’

ONLY | FORM OF O/P TO TTY PER RUN - both tabular and graphical output cannot
be obtained on the Teletype by using a single ‘GOE’ command

O/P FOR BLK n NOT STORED IN I P FILE - when specifying blocks to be output

SYNTAX ERROR —typing error or inappropriate response to Teletype message




| —

(1) Tabular Output

TIME
0.00E-01
1.00E* 00
2.00E+00
3.00E+00
4.00E+00
S.00E+00
6.00E+00
7.00E+ 00
8.00E+00
9.00E+00
1.00E+D1
1.10E+01
1.20E+01
1+30E+01
1. 40E+01
1.50E+01
1.60E+01
1. 7T0E+ 01
1.80E+01
1.90E+01
2.00E+01

(2) Graphical Output

BLK# 9
-1.00E+01
=3.27E+00

4.50E+00

6.06E+00
1.86E+00
-2.02E+00
-3.68BE*00
-2.69E+00
-T.47E-01
8.00E-01
1.58E+00
1.60E+080
1.10E+080
4.17E-01
-1.75E-0@1
-S.16E-01
-5.8PE-01
-4.37E-01
-2.02E-01
1.96E-02
1.62E-01

BLK# 9 I -1.080E+01
BLK# 4] -2.00E+01

TIME 1

0.00E-01
1.00E+00
2.00E+00
3.00E+ 00
4.00E+ 00
S«P0E+ 020
6.00E+00
7.00E+00
8.00E+ 00
9.00E+»00
1.00E+01
1. 10E+01
1.20PE+0)
1.30E+01
1. 40E+01
1.50E+01
1.60E+01
1 70E+91
1.BOE+@1
1.90E+01
2.00E+01

S S T S ISR

APPENDIX B
Teletype Output

BLK# 4
2.08E*01
~1.42E+00
-6+ 41E+00
-6.39E+00
1.10E+00
2.01E+00
2.90E+ 00
8¢95SE-01
-4.3BE-01
-7.97E-01
-7.82E-01
-5.23€-01
-1.83E-01
1.04E-01
2.63E-01
2.85E-01
2.09E-01
9.16E-02
-1+64E-02
-8.35E-02
-1.02E-01

4444040044044 044000
(A2 AR 22 R 2SR RS R 22
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BLK® a8
P.00E-01
9.36E+00
S.52E+00
~2.44E+00
-4.62E+00
~2.98E+ 00
-2.03E-01
1.84E+ 00
1.B4E+ 00
1.19E+ 00
3. TAE-01
-2.92E-01
-6+ 46E-01
-6.T6E-01
-4.81E-01
~1.97E-01
S« 66E-02
2.08E-01
2.43E-01
1.89E-01
9.25E-02

BLKe 10
-1.00E+02
~1.16E+01

2.10E+01

3. 68BE+01

3.71E+00
~4.10E+00
-1.41E+01
-8+ 15E+00
~1.49E+00

1.60E+00
3.i6L+00
3.20E+00

2.20E+ 00

8.33E-01
-3.51E-@1
-1.03E+00
-1.16E+00
-B8.74E-01
-4.05E-01

3.92E-02
3.24E-01

1.00E+01!
2.00E+01 1
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APPENDIX C
Line Printer Output

(1) Tabular Output (File OUTPT.COL printed using ‘P’ switch)

DATA (STORED IN OUTPT.DAT)

RECORDED ON 21-MAY-76 AT 1@:27

BLX NUMBER
TIME

0.8020E-21
5.0200€-01
1.8000E+82
1.,5000E 080
2,0000E+00
2.,52089%E+20¢
3.2008E400¢
3,5200E+009
4,2000E+00
4,5200E00
5,0300E+20
5,5200E+00
6,2202E+00
6,5200€+3J
7.0200E+00
7.5700E+2¢
8,0720E+00
8,5202E+00
9.8280E+0¢
9.5300E+00
1,0820E+21
1,9523€+01
1.1703E+21
1,1502E+01
1,232Q€+81
1.25@0€+21
1,3090E+021
1.,3520¢c+21
1,4780E+21
1,4520E21
1,5000E+01
1,5522E+01
1,6¢00E+01
1,6522E+01
1,7000E+01
1.7500E+01
1,8200€+021
1.8500E+01
1,90002€+21
1,9502E+21
2,0000E+01

NON=L INEAR SPRING WITH DASHFOT

= 9

Y

kT
=1,0000E+021
=7,8020E+32
=3,2697E+0)
1.,0884E2)
4,5316E+02
6,3288E+22
6,0589E422
4,2110€0+04
1,85/3E22
=2,8736E-21
-2,2168E+22
=3,20/7g+02
~3,6830E+02
=3,4467E+D2
~2,6911E+22
=1,7115E+02
-7.4720E-21
1,2925E-21
8,0059E-01
1,2942€+02
1,5817E+022
1,6747E+02
1,62303E+02
1.,3953C«22
1.,1221E+02
7.6292E-01
4,1668E-21
9,5822E-02
-1,7541g-21
=3,8162€-021
=5,1606E-21
=5,7966E-21
=5,79%6E-01
=5,2735€E-01
-4,3716E-01
=3,2402€0-21
=2,0227€-21
=8,4426E-02
1,9622€-22
1,3301E-01
1,6200E-21

4
Y 0AaLE 007
FT/SEC/SEC
2.0222E+01
9.1321E400
-1.4199E00
~3.5887E¢22
-6.4117E+02
~8.7514€¢202
-6,3873E+20
-1.82377E+%2
1.1338E+90
1.6788E+02
2.2118€E+¢0
2.9295E+22
2.9207€420
2,1254E400
8.9477E-21
-1.8%11E-901
-4.,3333E-¢1
-6,6344E-01
=7.9659E-21
-8,2981E-¢1
-7,8234E-21
-6.7312€-21
-5,2314E-21
~3.5334E-21
-1,8258E-¢1
-2.6390E-02
1.8382€-¢1
2,8104E-41
2,6253E-41
2.8924E-01
2.8507€~01
2.5802E-21
2.8921E-01
1.5207€-01
9.,1624E€-02
5.3910€-02
-1.6378E-02
=5.6362E-02
-8,349RE-¢2
-9.8442¢-22
-1.0181E-21

43
Yy 0O!
FT/StC

2,2002k-01
7,7888L 400
9.3587L+00
7.R866L+0d
5,5216k+00
1.57708cev0
~2.4440Le07
-4,5356L+00
-4,6169t402
~3.9097Le00
~2.9791ke02
~1,7008L+00
-2,8269t =01
1.0765L+00
1.8364L+002
1.9843L+02
1.8432k+00
1.5618L+u02
1.1911t 02
7.8047¢c-01
3.7422L-01
8.2117L-93
-2.,9241t =01
-5.1199%-01
-6.4564L-01
-6.9694L-01
-6.,7622b=01
-5,9843L-41
-4 ,8892L=1
~3,4148L-01
-1.9663k-01
-6.2389L-02
5.6552L=-02
1.4717¢k-01
2.2817L-01
2.3925¢e-01
2.4322t-01
2.2458k-01
1.8912k-01
1.4309L=-01
9.2538L-02

PRODUCED BY RUNNING 304MP

INTEGN INT ® 1 ,00600E-21

12
3L«e 10

-1,0202E402
~6,1228E+91
-1,1618E+91
2.1668E+00
2,1216E+01
4,0603E+01
3.,6825E+01
1,8112£+01
$.7148E402
-5,7472E-01
-4,1228E+00
~1,1248E401
-1,4298E401
-1,2682E+01
-5,1466E+00
-5,4232E400
~1.4944E 20
2,1851E-01
1.,6328E+42
2.5381E+940
$.1633E+00
5.3495E+02
$.2305E+00
2.7927E+00
2.2742E%00
1.9258E+09
K. $337E-01
1.9164E-01
-5.5382E-01
-7.6323E-01
~1,9321E00
-1,1593E+60
=1,1591E+942
~1,9547E400
-8, 7433E-01
-6,4805E-01
~4,0454E-01
-1,6885E-01
S.Y241E-02
2,0682E-01
$.2¢399E-01

RUN CPU TIME =

1,86 StC.




APPENDIX C—continued

(2) Graphical Output (File OUTFT.PPL printed using ‘P’ switch)
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APPENDIX D
Main Program Example for Creating an Input File for TRANS without Running BOMMP

MAIN PROGRAM

EXAMPLE OF A MAIN PROGRAM WHICH USES A PACKAGE OF
SUBPROGRAMS THAT WRITE OULTPUT INTO A BINARY FILE SUITABLE
FOR PROCESSING BY THE PROGRAM ''TRANS"

THE SUBPROGRAM PACKAGE CONSISTS OF THE FORTKAN
FILE PAXKAGE.F4 AND THE MACRO FILE CFU.MAC

s EeNeNeNe) (e]

(o]

THE FORTKRAN FILE CONTAINS 1

SUBROUTINE OPINIT(COMENT)
- RECORDS PARAMETERS AND LABELLING INFORMATION

o0

(e}

SUBROUTINE OUTPAK(CLAST,C)
- RECORDS JUTPUT FOR EACH INDEPENDENT VARIABLE STEP

(o]

FUNCTION PAKBINCVALLUE)
- USED BY OUTPAK

00

SUBROUTINE FINBINCTCPU,LIW)
- RECORDS CPU TIME AND FINALIZES THE OUTPUT FILE

THE MACRO FILE CONTAINS :
SUBROUTINE CPUCTCPW)
FIRST CALL PROVIDES CPU TIME SINCE JOB LOGGED IN3
SUESEQUENT CALLS PROVIDE CPU TIME SINCE PREVIOUS
CALL

aooooon o0

ARRAYS WITH VARIABLE DIMENSIONS AREt CLAST(NBLK),
C(NBLK), AND COMENT(2#NBLK), WHERE NBLK IS THE NUMBER OF
OUTPUT VARIABLES. AT EACH INDEPENDANT VARIABRLE VALUE, PRIGR
TO RECORDING THE OUTPUT VALUES, THE INDEPENDANT VARIABLE
MUST BE STORED IN "T' AND THE OUTPUT VALUES MUST BE STORED
IN THE ARRAY "C'. THE ARRAY "CLAST"™ 1S USED INTERNALLY BY
THE SUBROUTINE "OUTPAK' TO STORE THE LAST RECORDED GUTPUT
VALUES AND THUS SHOULD NOT BE SET BY THE USER

FOR THIS EXAMPLE, WHERE NBLK = 7, THE FOLLOWING
STATEMENTS MUST BE INCLUDED

sNeNeNeNoNoNesRe NeNe!

DIMENSION COMENTC14),CLASTCT),CC(7),NAM(2)
COMMON /Z0UTZ/LOU,NBUFF,BUFFERC(126),NFLAG,»XPC,NBLK
COMMON /XOUTX/TITLECI2), TZERO, TSAMP, T107,DT, T, XLAB(2)

THE FOLLOWING VARIABLES ARE SET IN THE DATA
STATEMENTS BELO w:

XPC ~ PARAMETER SUCH THAT A CURRENT OUTPUT
VALUE (Y1) IS RECORDED ONLY IF ABS(Y1-Y®)
1S GREATER THAN (@.01%XPC+«YQ), WHERE YO
1S THE LAST VALUE OF THE OUTPUT VARIABLE
STORED AT A PREVIOUS TIME STEP

NBLK - NUMBER OF OUTPUT VARIABLES

Lou - LOGICAL UNIT NUMBER FOR THE OUTPUT FILE

s s EeNeNesNeNeNe Ne
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APPENDIX D-—continued

NAM(2) - OUTPUT FILENAME (MUST HAVE EXTENSION
NAME "DAT"™)

TITLEC12) - TITLE OF UP TO 6@ CHARACTERS

COMENT(NBLK) - LABELS OF UP TO 1@ CHARACTERS PER
OUTPUT VARIABLE. THE ARRAY IS SET UP SUCH
THAT FOR VARIABLE K, COMENT(2¢K-1) AND
COMENT(2¢K) CONTAIN THE FIRST AND SECOND
GROUPS OF FIVE CHARACTERS RESPECTIVELY

DT - REFERED TO IN "TRANS" AS THE INTEGRATION
INTERVALS ITS ONLY PURPOSE IS TO IDENTIFY
THE DATA

TZERO - LOWER INDEPENDANT VARIABLE LIMIT

TSAMP - INDEPENDANT VARIABLE INTERVAL

TT0T - UPPER INDEPENDANT VARIABLE LIMIT

NFLAG - A FLAG SET EQUAL TO 1 INITIALLY

XLAB(2) - INDEPENDENT VARIABLE LABEL OF UP TO 10

CHARACTERS

DATA XPC,NBLK,LOU/@.01,7,1/
DATA (NAM(J),J®1,2)/ 'FUNCT.DATS'/

DATA (TITLECJ)»J=1,9)/" VARIOUS FUNCTIONS
1 OF X*/

DATA (COMENT(J),J=1,14)/"' EXP(2X) °'» ' SQUARE °*,

1° SINC(BX) °*, *X+#SIN(BX) °*,'SIN(8X*%2)°," SAW ‘s

2° NORMAL ‘/
DATA DT, TZERO, TSAMP,TT0T/0.0,0.0,0.004,2.0/
DATA NFLAG/1/,(XLAB(J)»J=1,2)/" X ‘7

OPEN O/P FILE & RECORD THE LABELLING INFORMATION

OPENCUNIT=LOU, FILE=NAM)
CALL OPINITC(COMENT)

SUBROUTINE CPUCTCPU) - FIRST CALL
CALL CPUCTCPWU)
TCPU CONTAINS CPU TIME SINCE LOGGED IN

INITIALIZE INDEPENDENT VARIABLE
T=TZERC

SRS RS RS LR AR AR RR SRR A AR B AN SRR AR AR RES SRR B RN RRSE S

TIME LOOP IN WHICH OUTPUT VALUES ARE CALCWATED
AND THEN RECORDED I<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>