












































A General Guidelines on the Writing of Fortran Programs

Al

Introduction

While it is recognised that individual style can play a large part in writing software, some guidelines
for new programs have been drawn up. It is the intention that these should be considered not as a
rigid set of enforceable rules but as points to bear in mind when writing. In particular cases there
may indeed be good reasons for going against the guideline, bul the author should be aware of these
reasons.

A2

HOW N

A3

General Comments

. The routine should be well designed, and the code should reflect this design.
. Every variable used should have a specific meaning.
. Avoid non-standard constructs.

. Increased efficiency should be attempted alter the routine has been proved correct, and when

definite knowledge of the major inefficient arcas has been obtained.

If it is necessary for a variable to lic within a certain range for the program to behave correctly,
this range should either be checked or be stated as an assumption in a comment.

Clarity and simplicity are good aims.

Compilers should be left to do much of the *dirty work’. For example, avoid writing X + X + X
+ X for 4.*X just because the addition is faster, unless the code is in an clliciency-sensitive area.

Don’t put in the obvious. Use guidclines sensibly.

Variables

. Give all variables good mnemonic names.
. Declare every variable explicitly.

. Decide on naming conventions and stick to thcm. For cxample:

(a) use single letter variables for loop control and lemporary storage, but not otherwise;

(b) have conventions lor local/global names; such as: namcs beginning with I-K or O-Z are
local, and names beginning with L-N or A-H are global.

Use a variable for a specific purpose. If the purpose changes, usc another variable.

. Use EQUIVALENCE only when really necessary.

Do not DATA initialise variables whose valucs will be altered later - particularly if the variable
is local.

. Initialise all variables belore accessing their valucs.

. Use LOGICAL types for variables which are used cssentially as binary switches.
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A4

10.

11.

12,

A6

Labels

. Make them increasing throughout the routine, initially with a minimum step length of at least

10 to allow for later amendments.

. Put labels in columns 2-5 (if possible) so that they are clearly visible between comments.

. Have a separate label convention for FORMAT statements.

Structure

. Consider using indentation to emphasise the design structure.
. Avoid unnecessary GOTO's.
. Use separate labels for each DO tennination.

. Only put labels on CONTINUE statements - particularly when tcrminating DO loops. This

allows easy insertion of exira code (possibly for debug prints).

. Avoid arithmetic IF.

. Emphasise loops that are not immediately apparent (such as those implemented with IF and

GOTO). This could be done by comment or indentation,

. Use functions or subroutines for repelitive sections. Statement functions can add clarity.
. Use library routines if applicable, rather than writing your own copy.

. Choose data representations that lead to simple programs. For cxample, use multi-dimensioned

arrays if the logic calls for it.

Never test real numbers for equality. Be aware ol (and comment) the number of significant
figures you expect, e.g. A-B against a constant: say, that the diflerence is required to be within
a specified significance. This can change when moving a program to another machine.

Take special care when handling characters, particularly if the code is 1o be transportable.

Construct the program in logical units. Do not break the structure just to save one or two orders.

Subroutines and Functions

. Do not write routines with arguments that are ncither read nor written.

. Avoid side effects (e.g. in functions).

Do not re-order similar argument lists in dillcrent routines unless nccessary.

. Avoid intemal subroutines (driven by GOTOs).

Check ranges of arguments, or comment on those untested.

Don'’t alter input arguments.
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7. In a FUNCTION, the function name should only occur on the left hand side of an assignment.
Use a local variable instead if the value is required elsewhere within the routine.

8. Each argument should have only one logical function, not many.

A.7 Input/Output

1. If possible, choose input layouts which are easy to prepare and check.

2. Check input for validity. Routines should be able to cope with random input.
3. Try to keep all 1/O for a particular device in onc rouline.

4. Use variables for unit numbers.

5. Human-readable output must be clear. Machine readable oulpul must be easy to re-input.

A.8 Testing

1. Instrument the program carefully.

2. After testing, be able to state explicitly what was tested.

A9 A Commenting Standard for Fortran Software
A9.1 Introduction

The main aim of software commenting is Lo providc sulficient information with the software to aid
maintenance. The standard will be imposed on programs written by the group, and on anyone wishing
to provide programs for us to mount and maintain.

A.9.2 The Standard

1. SUBROUTINE (or equivalent) statlements or programine titles should be underlined. Suggested
characters are - or =.

2. There should be a header section of comments immediately following the underlined SUBROU-
TINE statement or programme title.

3. The header section should be divided into scctions. Each section should start with a non-indented
(i.e. col 3) heading, which may optionally be underlined. The body of the section should be
indented sufficiently to make the heading stand out (it is suggested that such comments begin in
column 7).

4. Sections on Purpose and History must appear in cach routine. Sections on Locals and Package
are optional. All other sections mus( appear il there is some information other than "None" to
be included. Otherwise the whole scction may be omitied. (see below for details of sections).

5. The following defines section headings, order of sections and scction body layout:
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PURPOSE Brief description of what routine does.
METHOD Description of the tools used (e.g. algorithms) and how they are used. It is not
necessary to give a full description of the program, including variable names.
HISTORY
AUTHOR initials, date, MACHINE — original machine
CHANGES initials, date, short comment. Change of machine if applicable.

ARGUMENTS IN List of arguments whose value is rcad by (lor subroutines) the routine, or
by inferior routines, together with description and constraints/assumptions.

ARGUMENTS OUT List of arguments whose value is set by (for subroutines) the routine,

or by inferior routines, together with description and constraints/assumptions.

LOCALS List of important local variables, together with description, Important labels can
be included here. Temporary variables and DO loop control variables need not in general
be included.

ROUTINES CALLED
SYSTEM system library routines,
PACKAGE non-ANSI routines from the same package as (his routine,
Library Name routines from the named library (such as NAGLIB, GINO, GKS, etc).
INPUT/OUTPUT Fortran channel number device type status change (or variable name). (e.g.
MT re-winding).

ERROR ACTION Exception conditions and action taken. This applies only to errors ex-
plicitly determined by this routine, and not to errors which may possibly occur in inferior
routines. Calling a specific error routine will, however, be noted here.

SPECIAL FEATURES Important points not covered above, such as details of any machine
dependency or any personal naming conventions.

. The following section should occur in one subprogram, at most, ol a package:

PACKAGE Overall comments on machine dependency, conventions, etc for the whole pack-
age. References 1o other documentation connecled with the package. The chosen routine
will normally be the most prominent (in some scnses, the first).

. If the header section is longer than 45 lines, it should be terminated by a repeat of the SUBROU-
TINE statement as a comment, underlined with a diflerent character, (suggestion is *). This
termination is optional for shorter headings.

. The writer must be consistent in any conventions uscd.
. In-line comments should follow these guidelines:

(a) Code sections should be distinguished by some easily identiliable COMMENT form.
Some method of dilterentiating diffcrent Iexical levels (or subsections) may be used.
Some suggested mcthods are:

i. Line of characters such as -. Linc is of dillercnt length for subsections.

ii. As above, but diffcrent characters used for dillerentiating subsections.
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iii. Blank comments between sections.
iv. Combinations of the above.

(b) Comments should be delimited in some way, and should not become confused with the
code. They should not interfere with the visibility of labels. (e.g. single or double line
underlimited comments starting in column 7 must be avoided).

(c¢) Comments must not just give syntactic descriptions of code. They should be concise.

14



B Example of Use of the Procedure

In this appendix we present a complete example developed using the methods outlined in this document.
We follow the stages outlined in Section 2. The soltware chosen has been developed mainly as a tool
to introduce users to a variety of numerical schemes used in the solution of {luid dynamics problems.
This example uses the program flux which was devcloped by Mr. S.P. Fiddes of the University of
Bristol to illustrate some of the numerical techniques used in solving CFD problems.

B.1 Problem Definition

We require a computer program to run on a SUN3 workstation running under Unix which will permit
the user to compare a variety of discretisation schemecs for the one-dimensional linear advection
equation with unit wave speed or the inviscid Burgers equation. The program will normally be used
for teaching purposes. Therefore it should be wrilten so that the student can introduce additional
discretisation schemes or starting conditions.

The one-dimensional lincar advection equation is
du . du
o TCaz =
ot o
where ¢ is the wave speed. The solution of this equation is a wave of fixed shape travelling at speed

0 (1)

c. Here we consider ¢ = 1. The one-dimensional inviscid Burgers’ cquation is

du du
The program should include the following discretisation schemes: forward-time centred-space (FTCS),
upwind differencing, MacCormack, Backward Euler with central differencing, Backward Euler with

upwind differencing, Beam and Warming (2nd order accurale in time) and Lax-Wendroft.

The program should include the following starting profiles: a ramp function for both equations and a
smooth bump for the linear advection equation.

The user should be able to specily the number of grid points in the solution domain of [0, 3] and also
the Courant-Friedrichs-Lewy (CFL) number for the problem. The program should solve the problem
using a time interval of [0, 3] also.

B.2 Algorithm Selection

The user has specified the majority of the algorithms required by the program in the Problem Definition.
However, the implicit methods will require the solution of a tridiagonal system of linear equations,
which we will solve using a tridiagonal Gaussian Elimination algorithm. A GKS version of VGA
graphical display routines originally written by Steve Fiddes (Bristol) for an IBM-PC will also be
used.

B.3 Software Design

The software is intended (o be educative, thercfore we will make use ol graphical display. The
problems chosen by the user admit analytical solutions, therelore we design the software so that the
user can compare the numerical and exact solutions at cach step of the solution process, visually.
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The program comprises the following segments:

1. User Problem and Data Selection The user sclccts his choice ol discretisation scheme, equation
and initial data.

2. Preparation The initial solution is computed and the graphics is initialised.

3. Problem Solution The problem is solved and after cach time-step the updated solution is shown
on the graphics screen.

(a) Computation The scheme is applicd to march the solution from its current position in
time to the next position in time.

(b) Display The numerically-compuled and exact solutions arc displayed for purposes of
comparison.

4. Program Termination The graphics is closed before the program finishes.

B.3.1 User Problem and Data Selection

For simplicity, the user will enter all input 1o the program [rom the keyboard. Where the user has a
choice in input, e.g. in mcthod selection, the {ull list of options will be displayed.

B.3.2 Preparation

The initial solution is computed. This is governed by the user’s choice ol initial data. The necessary
GKS calls are made to set up the graphics and to open the display window.

B.3.3 Problem Solution

The solution procedure involves marching the solution forward in time in well-defined time steps. The
computed solution and exact solution will be displayed at cach time step, [or comparison.

This procedure suggests the following loop structure for the main body ol the program:
1. Compute the time step and increment the total lime.
2. Compute the exact solulion at the new time level.
3. Compute the numerical solution at thc new time level, using the mcthod selected by the user.

4. Display the exact and computed solutions at the new time level.

This loop is executed as long as the new time level is less than the specified maximum. The program
will exit from the loop if the solution is known to be diverging and go dircctly to the segment of the
software where the program is terminated. While it might be tempting to just stop the program at this
point, from the point of view of software maintenance it is much simpler il there is only one point of
entry and one point of exit to each subprogram.
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B.3.4 Program Termination

The program will terminate when the main computation loop is finished. The necessary GKS calls to
close the graphics window will be made first.

B.4 Software Implementation

We make the following choices to aid portability and robustness. Three parameters are defined: the
screen input and output stream numbers, and the maximum problem size. The streams are system
dependent. The user only has to change one parameter statcment when moving the software from one
platform to another. The maximum number of grid points allowed (NMAX) is declared as a parameter
so that it can be used in the dimensioning of arrays. Again, this simplifies altering the software to
choose either a larger or smaller problem size.

The variable IPROB, which indicates the method chosen by the user is stored in the COMMON block
PROB.

The graphical calls are to RAL GKS.

The coding deviates from the strict ANSI standard in the use of the INCLUDE statement. This
statement is used for ease of software maintenance. It can be replaced by the explicit insertion of the
PARAMETER statements and COMMON block using a utility from TOOLPACK.

B.5 User Guide
B.5.1 How to Use flux

The user gives the command flux to run the program. He is then prompted for the required input data:
the numerical method, the CFL number and the problem to be solved. The solution is displayed on
the screen as it is being computed and the user hits the retum key when the solution is finished.

B.5.2 Description of Output

The output from this program is entircly graphical. Once the user has specified the input data, a
graphics window is opened to which two solutions are drawn al each time step in the solution process.
The upper is the exact solution to the sclected problem and the lower is the solution compuled by the
numerical method.

B.5.3 Error Reporting Instructions

The user input is checked as it is entered; any inconsistent values are trapped and the user is asked to
re-enter suitable values. The permitted data is:

¢ method type This must have a value between | and 7, since (here are seven methods to choose
from.

e CFL Number This must have a value grealer than zcro.
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¢ Mesh Points This must have a value between 2 and NMAX, the specified maximum number of
nodes. For the current value of NMAX, sce the implementation details below.

At each time step the solution is tested and if it found to be diverging the program is stopped. The test
is performed in subroutine BANG and it checks it the numerical solution lies outside the range -3 to 3.

B.5.4 [Implementation Details
There are three files for the SUN 3 implementation: (lux.f, prob.common and Makefile.

flux.f contains all the Fortran source for the program.

prob.common contains the machine dependent variables and the only common block used in the
program, PROB, which stores the variables IPROB (the uscr sclected problem). The machine
and implementation dependent variables are:

NMAX The maximum number of mesh points accepled by the program. It is currently set to
500.

TERMIN The stream number for terminal input. It is currently sct to 5 for the SUN3 imple-
mentation.

TEROUT The stream number for terminal output. It is currently sct to 6 for the SUN3
implementation.

Makefile The makefile will have to be modified so that it loads the GKS graphics from wherever
they are stored on your own computing systen.

B.6 Software Release

Since the software plots the exact solution in addition to the computed solution at each time step, it is
not appropriate to include a set of test problems and their sample outputs [or the program.

B.7 Software Source
B.7.1 The Fortran Source

The documented source of parts of flux are given below. The subroutines have been documented with
the standard header and comments are given to document the programs operations.
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PROGRAM FLUX * dt/dx.

* * DX REAL. The distance between grid points.
* * CFL REAL. The Courant-Friedrichs-Lewy number (specified by
PURPOSE * * the user).
To provide an algerithmic testbench for the one-dimensional * * BANG LOGICAL. When set to .TRUE. this indicates that the
linear advection and Burgers’ equations. * * solution is growing unphysically.
* *
HISTORY * * ROUTINES CALLED
S P Fiddes (Bristol) 21 July 1991 SUE3 * *  SYSTEM: FLOAT
C J Fitzsimons (RAL) 29 Hovember 1991 SUN3 * * SQRT
* * FLUX: BMWM
ARGUMENTS * * CHECK
Hone. * * CMAX
* * DRAW
LOCAL VARIABLES * * ENDDEV
I INTEGER. Loop counter. * * EXACT
J INTEGER. Dummy variable. Used in a loop to slow down the * * FTCS
solution process to help the visual display. * = IMP1
IMETH INTEGER. Identifies the discretisation scheme chosen. For# * IMP2
a list of its possible values, see the comments to * x INIT
routine TITLES. * * LAXWEN
] IBTEGER. The number of grid points chosen by the user. * * PICCLE
X REAL. The grid points on which the problem is solves. * * MAC
UOLD REAL. The computed solution at the current time. * * SETDEV
UBEW REAL. The computed solution at the next time step. * * TITLES
UENEW REAL. The exact solution at the next time step. * * UPWIED
UEOLD REAL. The exact solution at the current time. * * GKS: GCLSG
CMAX REAL. Function which computes the maximum of the absolutex* * GCRSG
value of the derivative of the flux with respect to u. * * GDSG
T REAL. The current time. * * GUWK
DT REAL. The time step being taken in solving the problem. =* L
DTDX REAL. The time step divided by the grid spacing, i.e. * « INPUT/OUTPUT
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* TERMIE Unit number for terminal input. Parameter set in *

* prob.common. *
* TEROUT Unit number for terminal output. Paramater set in * CALL TITLES(CFL, IMETH, H)
* prob.common. * *
* * * 2. PREPARATION
*= ERROR ACTION * *
* If the solution increases beyond an acceptable size (this is * * Compute the inital solution and initalise the time.
* checked in CHECK) the main iteration loop of the program is * *
* exited. * CALL INIT (X, DX, UEEEW, UNEW, E)
* * T=0.0
* BUG FIXES * *
* Hone. * * Set up the graphics window to display the results.
* * *
* SPECIAL FEATURES * CALL SETDEV
* Hone. * CALL PICCLE
* * CALL GCRSG(1)
* PROGRAM FLUX * *
e et * Display the initial data for both the numerical and exact solutions.
INCLUDE ’prob.common’ *
INTEGER I, J, IMETH, W§ CALL DRAW (X, UENEW, 2.0, 1, N)
REAL X, UOLD, UNEW, UENEW, UEOLD, CMAX, T, DT, DTDX, DX, CFL CALL DRAW (X, UHEW, 0.5, 2, N)
LOGICAL BARG CALL GCLSG
DIMERSION X (NMAX), UOLD (NMAX), UNEW (NMAX), UEREW (NMAX), CALL GUWK (1, 1)
1 UEOLD (NMAX) ¥
EXTERNAL BMWM, CHECK, CMAX, DRAW, ENDDEV, EXACT, FTCS, GCLSG, * 3. PROBLEM SOLUTIOR
i | GCRSG, GDSG, GUWK, IMP1, IMP2, INIT, LAXWEN, MAC, *
2 PICCLE, SETDEV, TITLES, UPWIED 10 IF (T .LT. 3.1) THER
INTRIBSIC FLOAT, SQRT *
* Compute the time step and increment the time level.
* *
* 1. USER PROBLEM AND DATA SELECTIOE DT = CFL * DX / CMAX (UNEW, N)

o
"

* T + DT
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DIDX = DT / DX CALL GCRSG (1)

* CALL DRAW (X, UNEW, 0.5, 2, K)
* Compute the exact solution at the new time level. CALL DRAW (X, UENEW, 2.0, 1, W)
* CALL GCLSG
CALL EXACT (T, X, UEOLD, UEHNEW, K) ‘ CALL GUWK (1, 1)
* *
* Compute the numerical solution at the new time level using the method * This is included to slow down the program slightly, so that the
* chosen by the user. * user has time to study the solution at each time step.
* *
# HOTE: It is in this part of the software that the user can introduce DO 1000 I = 1, 5000
* additional methods of his own choosing. J = SQRT (FLOAT (I))
* 1000 CONTINUE
IF (IMETH .EQ. 1) THEN *
CALL FTCS (DTDX, UOLD, UNEW, UENEW, H) * If the solution is diverging we want to stop the computation and break
ELSE IF (IMETH .EQ. 2) THEN * out of this loop.
CALL MAC (DTDX, UOLD, UNEW, UEREW, H) *
ELSE IF (IMETH .EQ. 3) THEN CALL CHECK (UNEW, N, BANG)
CALL UPWIRD (DTDX, UOLD, UNEW, UEREW, B) IF (BARG) THER
ELSE IF (IMETH .EQ. 4) THER WRITE (TEROUT, 6000)
CALL IMP1 (DTDX, UOLD, UNEW, UENEW, N) GO TO 20
ELSE IF (IRMETH .EQ. 5) THER END IF
CALL IMP2 (DTDX, UOLD, UNEW, UEREW, H) GOTO 10
ELSE IF (IMETH .EQ. 6) THER END IF
CALL BMWM (DTDX, UOLD, UNEW, UENEW, N) *
ELSE IF (IMETH .EQ. 7) THEHN * 4. TERMINATION
CALL LAXWEN (DTDX, UOLD, UREW, UEEEW, N) *
ERD IF 20 CONTINUE
* CALL ENDDEV
* Draw the exact and numerical solutions at the new time level. STOP
* 6000 FORMAT(’SOLUTION HAS DIVERGED’)
CALL GDSG (1) END

CALL GUWK (1, 1)
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*

SUBROUTINE TITLES (CFL, IMETH, K)

PURPOSE

To enter the user data to the program, i.e. the numerical method

to be used, the CFL number for the problem, the number of points

in space, and the choice of initial data.

HISTORY

S P Fiddes (Bristol) 21 July 1991 SUR3

C J Fitzsimons (RAL) 29 Hovember 1991 SUE3

ARGUMERTS OUT

CFL

IMETH

)

REAL. The Courant-Friedrichs-Lewy number. Input by the
user. Must be positive.
INTEGER. The number of the method selected by the user.

It takes the following values:

Forward-time Centred-Space

MacCormack

(Cole-Murman) Upwind Scheme

Backward Euler Implicit with Centred Differencing
Backward Euler Implicit with Upwind Differencing
Beam-Warming

Lax-Wendroff

N s W N

*

*

INTEGER. The number of space points in the problem. Input*

by the user. It must be less than NMAX and greater than

> 1

LOCAL VARIABLES

Hone.

*

*

*
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* ROUTINES CALLED *
* Hone. *
* *
* INPUT/OUTPUT *
* TERMIN Terminal input stream. *
* TEROUT Terminal output stream. *
* *
* ERROR ACTIODN *
* The user input is checked that it is within the permitted ranges.*
* The user is asked to re-enter values for data outside the *
* following ranges: *
* *
* 1 <= IMETH <= 7 *
* 0 < CFL *
* 2 <= § <= NMAX *
* *
* *
* BUG FIXES *
* Hone. *
* *
* SPECIAL FEATURES *
* None. *
* *
* SUBROUTINE TITLES (CFL, IMETH, K) *

T LT A L e L L L Lt
INCLUDE ’prob.common’
INTEGER IMETH, B
REAL CFL

Y

* User selects the method.



WRITE (TEROUT, 6000)
10 WRITE (TEROUT, 6001)
READ (TERMIN, #) IMETH
IF (IMETH.LT.1 .OR. IMETH.GT.7) THEN
WRITE (TEROUT, 6002)
GO TO 10
END IF
*
* User selects the CFL number.
*
20 WRITE (TEROUT ,6003)
READ (TERMIN, =) CFL
IF (CFL .LT. 0.0) THER
WRITE (TEROUT, 6004)
GO TO 20
EED IF

*

* User selects the number of points in space.

*
30 WRITE (TEROUT, 6005)
READ (TERMIE, *)
IF (§.LT.2 .OR. E.GT.EMAX) THER
WRITE (TEROUT, 6002)
GO TO 30
EWD IF

*

* User chooses the equation and initial data.

*
WRITE (TEROUT, 6006)
WRITE (TEROUT, 6007)

40 READ (TERMIN, *) IPROB
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*

IF (IPROB.LT.1 .OR. IPROB.GT.2) THEN
WRITE (TEROUT, 6002)
GO0 TO 40

EED IF

RETURY

6000 FORMAT (1X,////1/17//7,
1’ FLUX: ALGORITHM TESTBENCH’,

2///7,
3?2 METHODS AVAILABLE :-°,/,
4’ i; FTCS Lsil's
57 2 MACCORMACK ’,/,
67 3 UPWIND Yl s
7 4. IMPLICITL °,/,
8’ 5 IMPLICIT2 Vsl s
9 6. BEAM-WARMIRG,/,
12 7. LAX-WEEDROFF’,/,
2/10)

6001 FORMAT (' Please select method i %)

6002 FORMAT
6003 FORMAT
6004 FORMAT
6005 FORMAT
6006 FORMAT

(’ The number you entered is out of range.’)
(! Please select CFL number 0 L,8)
(? The CFL number should be positive.’)

(> PLEASE SELECT HUMBER OF POINTS : °,$)
X, //171711111111711111117,

1’ PROBLEM TYPES AVAILABLE :-’,/,

2//17/,

3/4,

4 1. LINEAR ADVECTION EQUATION (RAMP)’,/,
s? 2. BONLINEAR BURGERS’’EQUATION (RAMP)’/,
6° 3. LINEAR ADVECTION EQUATION (4X(1-X))’/,
7///1)



6007 FORMAT (° PLEASE SELECT PROBLEN TYPE : 2,9 * None.

* *

END * BUG FIXES

* None.

SUBROUTINE CHECK(U,N,BANG) *
* = * SPECIAL FEATURES
* * * Hone.
* PURPOSE * *
* To determine if any of the first N entries of the array U lie * e L e e e i sl
* outside the range [-3,3]. If any does, BANG is set to .TRUE. * INTEGER N, I
* This routine is used to check if the solution is diverging. * REAL U
* * LOGICAL BAEG
* HISTORY * INTRINSIC ABS
* S P Fiddes (Bristol) 21 July 1991 SUR3 * DIMENSION U (¥)
* C J Fitzsimons (RAL) 29 Hovember 1991 SUN3 *
* * BABG = .FALSE.
* ARGUMENTS IN * I=1
* U REAL. The array the magnitude of whose entries is being *
* checked. * 10 IF (I .GT. ¥) GO TO 20
= B IETEGER. The number of entries in U to be checked. * IF (ABS(U(I)) .GT. 3.0) THEN
* * BARG = .TRUE.
* ARGUMEETS OUT * GO TO 20
* BANG LOGICAL. Set to .TRUE. if any of the entries in U lies * EED IF
* outside the range [-3,3]. * I=1I+1
* * GO0 TO 10
* LOCAL VARIABLES * 20 CONTIBVE
* I INTEGER. Loop counter over the entries in U. *
* * RETURN
* ROUTIEES CALLED L END
* SYSTEM: ABS *
* .
* ERROR ACTION *
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B.7.2 The Include File

As part of the standard, although not part of the formal ANSI Standard, the use of include files has been
suggested. The syntax of the include does vary between implementations, however it is an important
aid in reducing the errors in data definitions. Below are shown the include files used in the flux
program,

*

INCLUDE file prob.common *

*
[]
*

» *
* PURPOSE *
» PROB Common Block and Parameter Statements *
» *
#* VARIABLES *
* HHAX Maximum number of intervals in solution *
* IPROB Problem number - indicates method *
* TERHIE Channel number for keyboard input *
* TEROUT Channel number for output to screen *
* *
* e e e *
*

INTEGER NMAX, IPROB, TERMIN, TEROUT
PARAMETER (EMAX = 500, TERMIN = S, TEROUT = 6)

*
COMMOE /PROB/ IPROB

*

o e e e e e e e e e e e *
*# INCLUDE File graphic.common *
* —— T el *
* *
* PURPOSE *
* GRCOBS Common Block. Contains information about graphics *
* output characteristics. *
* -
* VARIABLES *
* ISTART *
. IcoL Current output colour *
* XBOW Current value of x pen position *
* YHOW Current value of y pen position *
* XKRIN Minimum x co-ordinate value *
* XMAX Maximum x co-ordinate value .
* YMIN Minimum y co-ordinate value *
* YHAX Maximum x co-ordinate value *
* SCAL Global scaling value *
* *
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»
]
]
1

INTEGER ISTART,ICOL

REAL XBOW,YNOW,XMIN,XMAX,YMIN,YMAX,SCAL

COMMON /GRCOBS/ XEOW, YNOW, XMIN, XMAX, YMIN, YMAX, ISTART, SCAL,
* ICOL

B.7.3 The Makefile

During software development on UNIX (or similar) based systems it is advisable to construct and use
a Makefile to automate the compilation and building of programs. The Makefile used for the flux
program is given below. d

#

# Make file for FLUX - Algorithmic testbench for 1D equations
#

# Program uses GKS to produce graphical output

#

OBJ_FLUX = flux.o

GRAPHICS=$ (GKSPATH) /libgks-1.35.a -lsuntool -lsunwindow -lpixrect

FFLAGS = -02 -fswitch
LFLAGS = -02 -fswitch
.f.o:

£77 -c $(FFLAGS) $<

flux:  $(OBJ_FLUX)
£77 $(LFLAGS) -o flux $(OBJ_FLUX) & (GRAPHICS)
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C Contacts

1. Information Processing Limited Eveleigh House, Grove Street, Bath BA1 5LR.
2. NAG Limited Wilkinson House, Jordan Hill Road, Oxford OX2 8DR.

3. Programming Research Limited Waynflete House, 74-76 High Strect, Esher, Surrey KT10
9QsS.

4. Salford Software Limited Venables Building, 5 Cockroft Road, Salford M5 4NT.
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