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. state the problem in mathematical terms

(relevant variables, corresponding conservation equations)

think about data types and structures
(integer, real, complex ? number, array ?)

think about output: 2D vs 3D, lines, histograms, ...
— file format (which plotting software ?)

write code piece by piece. Compile/test along the way.
benchmark your code

fine tune, vary parameters, try end members, push your code
produce relevant datas

filter/analyse/plot datas

discuss figures/graphs



GhostView (1)

In the terminal:
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GhostView (2)

> gv dissipation.eps
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(press 'Q’ to quit the application)



ImageMagick

Postscript (or encapsulated postscripts) isn't a format that text
processors (Word, OpenOffice) accept. Here is how to convert
plots to different formats:

> convert dissipation.ps dissipation.png
> convert dissipation.ps dissipation.jpg
> convert dissipation.ps dissipation.pdf
etc..

convert is part of ImageMagick , available for
Windows, Mac, Linux and even iOS. (www.imagemagick.org)

> man convert — lists all options
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Makefile (1)

» If your fortran program consists of a unique .£90 file,
compilation is done as follows:

> gfortran program.f90

> If your fortran program consists of many .£90 file,
compilation can be done as follows:

> gfortran compute_stuff.f90 solver.f90
output_data.f90 module_struc.f90 program.f90

What if the code comprises dozens or hundreds of fortran files ?



Makefile (2)

Example: the elefant code.

800

£ geogarfield — thieul

jaia:~ [ELEFANT/3Dbig/code — ssh — 19058

thiculotegaia codels 1s +. 138
90

5. 190
seity

190

Lt

tion. 190

[thie

2,190
otaania cosels I

define_be_213.190
define be

define bt 306, 190

define_bcT_00. 190
define bt 190
diffuse_surface. 190
diffusion_sp. 190
directsolicr. 130
elefant. 190
erosion 232,190
evolve_grid. 90
tind_cell. 10

_numps_P. ol
initiatise nunps T 130
initialize mumps_\
Interpolativer on piz0. 90

material_layout 316,190

naterial_layout_317.190
saterial ayout 31s. 190
material_layout 320,190
Taterial layabt 321, 190
naterial_layout 322190
material_lay

read_exp_225. 190

read_exp_226. 190
read_exp_227. 190
read_exp_228. 190
read_exp_229. 190
read_exp_230. 190

2d_exp_231. 190

read_materials_210. 190
read_naterials 211,190
o

Tead_naterials 326, 190

373 fortran files, 40,000 lines of code

read_naterials_227.190 stretcn_201.190

read_naterials_226. 190

ad_n_cony ute)irimet:rs 00 2_layout_208. 190
a0

Fenunber.nodes

o
write parancters. 190

Stretch200. 130
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Example: the gravity modelling exercise for this week
The whole programs comprises the following fortran files:

write_two_columns.f90
write_three_columns.f90
program.f90

The subroutines are given to you, but you have to write the main
program.



Makefile (4)

Compiling all the routines and assembling them all into the
executable grav:

> gfortran write_two_columns.f90
write_three_columns.f90 program.f90 -o grav
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Makefile (4)

Compiling all the routines and assembling them all into the
executable grav:

> gfortran write_two_columns.f90
write_three_columns.f90 program.f90 -o grav

> not practical

» if you modify one file, this approach still requires you to
recompile all fortran files !



Makefile (5)

We then create the following file: Makefile (See appendix C)

800 [} Makefile — Editeq,
_SUFFIXES:.out .0 .5 .c .F .f .f9 .e .r .y .yr .ye .l .p .sh .csh .f

default: code

Fo0 = gfortran

FLAGS= ~c -
OPTIONS =
INCLUDE =
OBJECTS = \
write_two_columns.o\
write_three_columns.o\
program.o
£90.0

$(F90) SCFLAGS) $CINCLUDE) $*.f90

f.o:
$(F90) $CFLAGS) $CINCLUDE) $*.f

code: $(OBIECTS)
$(F9@) $(OPTIONS) $(OBJECTS) -o grav




Makefile (5)

We then create the following file: Makefile (See appendix C)

L] Makefile — Edited
CSUFFIXES: cout 10 -5 .c .F o .f90 6 r .y .yr .ye .1 .p .sh .csh .h

default: code

F90 = of

FLAGS= -c -ffi

OPTIONS =
INCLUDE =
OBJECTS = \
write_two_columns.o\
write_three_columns.o\
program.o
s(Fge) $CFLAGS) SCINCLUDE) $*.f90
s(Fge) $CFLAGS) SCINCLUDE) $*.f

code: $(OBJECTS)
$(F9@) $(OPTIONS) $(OBJECTS) -o grav

To compile the whole code:
> make



Wrapping things up: Key concepts

» data types (integer, real, character, ...)
» data structures (numbers, static arrays, allocatable arrays)
> if then else

» do loop

» subroutines and functions

» intrinsic functions

» modules, formats

» open/close file

» compile vs run

> makefile

» plotting (xmgrace, gnuplot)

» shell commands (Is, cd, pwd, ...)



Things you HAVE to know (for the exam)

How to declare

> an integer, a real

» an array (static, or allocatable)
How to write

> a program

» a subroutine, a function

v

a do-loop

> an if-then-else statement
How to

> open a file

> write in a file

> close a file

» call a subroutine/function

> pass an array as argument



salt tectonics(1)

Marine and
Petroleum Geology

Marine and Petroleum Geology 18 (2001) 779-797 —_—
www_elsevier.com/locate/marpetgen

Salt diapirs in the Dead Sea basin and their relationship to Quaternary
extensional tectonics

Abdallah Al-Zoubi*', Uri S. ten Brink™*

“Waods Hole Oceanagraphic Institution, Waods Hale, MA 02543, USA
"US Geolagieal survey, Woods Hole Field Center, 384 Woods Hole Read, Woods Hole, MA 02543, USA

Received 21 March 2001; received in revised form 23 May 2001; accepted 23 May 2001



salt tectonics(2)
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salt tectonics(3)

Bouguer Anomaly
(mGals)

Depth (km)

A. Al-Zoubi, U.S. ten Brink / Marine and Petroleum Geology 18 (2001) 779-797
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Grav (1)

The modelling program grav computes the gravity anomaly at the
subsurface.

Earth's surface of a number of spherical density anomalies in the

DA



Grav (2)
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Grav (2)

A key idea in numerical modelling: benchmarking

» Your code runs and produces beautiful, tangible results ﬁ

» How do you know that you haven't forgotten a minus sign
somewhere 7 a factor 2 7

— You can run your code on typical experiments/problems to
which we know an analytical solution

— You can run your code and a commercial/mature code on the
same problem and compare results

— You can run your code on a problem and compare its results
with real life experimental results



Grav (3) - benchmarking the program

A sphere has the same gravitational pull as a point mass located at
its centre: it allows us to calculate its gravitational pull.

Simple mathematics (See Turcotte and Schubert) can be used to
show that at Point P, the vertical component of g is given by

X P
.- GM,- Surface 4—]

2, ot z
(x?+2%)? I
""""" 3 9
Sphere £

«>
a
Suppose:
Radius, a =50m Depth, = =100m
Density contrast, Ap  =2000 kg m™ Excess mass, Ms =10"ke

The variation in g, can be plotted on a profile and map

a2 (mge)




Grav (4) - benchmarking the program
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