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RESUME

Cétte brochure décrit la mise en oeuvre de Modulef, qui est
une bibliothdque "&18ments finis" contenant plus de 2 000 sous-programmes

Fortran.

ABSTRACT
This notice explains how to implement Modulef, which is a finite

element library including more than 2 000 Fortran subroutines.

FOREWORD

This notice 1is translated from Modulef Report n°83, "Mise en
oeuvre de Modulef, version 85", May 1985, by Patrick LAUG. Although this
latter report is updated every year, most of the specifications described

here still remain valid.
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1. INTRODUCTION

The purpose of this notice is to explain practically how to.

implement a magnetic tape which has-been provided by the Modulef Club,
and to describe the logical contents of such a tape.

Details concerning specific systems (Bull/Multics, CDC, IBM) are
stated in appendices. |

To insure portability, the providéd 'tapés may be of two main
types : .
- Multicomputer tape : a tape of that kind is written by the INRIA
computer (Bull/Multics), but it may be read on any site*. Such a tape
includes only one file of characters, representing successively

subroutines, data, documentation, ... Then, the addressee must split it

" into several libraries, compile, link, ... A detailed description of such

a tape and its implementation are explained in the following paragraphs,
and additional information may be given in the appendices.

- Specific tape for a given computer : a tape of thaf kind is written and
read by similar computers (e.g. transfer from Multics to Multicsj. It may
contain partitioned files, source, object, linked libraries, as also
unfofmatted files for séquential or direct access, Implementing such

tapes is explained in the appendices.

Minimal configuration : the core needed to execute Modulef is
proportional to the number of nodes in the mesh. Problems with about

2 000 nodes have been -handled on Apollo DN 600, whose main featurés are :
| 32 bits VLSI CPU ‘
1 Mbyte main memory
16 Mbyte virtual memory
20 Mbyte hard disk
Modulef requires a Fortran 77 compiler having the two following
extensions :
- if an array of type INTEGER is the actual argument of. a subroutine, the
corresponding -dummy argument may be an array of type REAL or DOUBLE
PRECIéION,
- a variabie of type INTEGER must be large enough to contain 4 characters
(generally, 32 bits or more). ‘ ‘
Modulef runs correctly on various computers such as Apollo,
Bull/Multies, CDC, Cray, Data Genekal, Harris, IBM, ICL, MODCOMP, Univac,

Vax, ...
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2. GENERAL DESCRIPTION OF THE IMPLEMENTATION OF A MULTICOMPUTER TAPE

the following figure shows how to implement a multicomputer tape

Modulef source compiled POBA
tape libraries & linked file
(sequential) (partitioned) 1libraries (direct access)

4 <5 < <

FORTRAN =

assembly

language

— data ————————3» "nothing" (no compiling)

Here is a general description of the main steps to take :

1. Read the tape. We assume here that the result is to create an
intermediate disk file named ALL.

2. Split the ALL file into subfiles (one subfile per library).

3. Put each library in the form of a partitioned file (one member per
subroutine) .

4. Write, if necessary, the nonportable utilities.

5. Compile each library.

6. Link each library.

7. Create the procedures data base.

8. Execute program POBAXX, which generates the direct access file POBA.
9. Run the tests.

~10. Use normally the Modulef libraries, expecting future updatings.

All these steps are detailed in this notice.



-

To avoid a tedious work, it is convenient to use automatic tools.
As an example, the portable program DECIEB is introduced in this notice.
‘More specific tools have already been written for the following computers :

BURROUGHS by UNAM (Mexico)
cDC EPFL (Lausanne, Switzerland)
Bull/Multics - INRIA (Rocquencourt, France)
IBM SNCF (Paris, France)
z UNIVAC ] CCSA (éruz, France)
" vax LSRH (Neuchatel, Switzerland)

Such tools make it possible to'group several steps, for instance
1, 2 and 3 (generating partitioned files by directly reading the tape,
without creating intermediate files). .

To read a Modulef tape, 1its physical features and 1logical
structure must be known. Part of this information is given on the "tape
writing listing" attached to each tape. Here is an example :

sgf —ac —sort

Nom absolu de la liste : >udd>Modulef>Laug>abs>demo

Description du fichier de sortie :

(A A I Y I Y T )

s tope_ibm_ MEFQQ =
s —-block 7920 »
* —mode ebcdic ¢
+ ~density 6250 =
* —create -
* -no_labels »
* —format fb, .
* —number 1 .
¢ —record 80 .,
s —-retain none *

COSHOSBNESSISEEBESEREOSS

Mounting volume MEF@® with o write ring.
MEF@@ mounted on tapa_01. !

pudd>Modulef>v>s>bibl. indep.fortran.s.archive
./BIBLIF77 ADD NAME=MEFBIB1S,SSI=86022413
1. 8 membres, 125 lignes. Cumul : B membres, 125 iignes.

>udd>Modulef>v>s>bib2. indep.fortran.s.archive
./BIBLIF77 ADD NAME=MEFBIB2S,SSI=86022413
2. 9 membres, 179 lignes. Cumul : 17 membres, 304 lignes.

>udd>Modulef>v>s>bib3. indep.fortran.s.archive

./BIBLIF77 ADD NAME=MEFBIB3S,SSI=86022413

3. 56 membres, 7836 lignes. Cumu! : 73 membres, 8142 iignes.
r 13:36 26.042 347

More precise détails' about this listing are given 1in the

following paragraphs.




3. READING A MULTICOMPUTER TAPE (STEP 1)

The physical features of the tape are indicated on the "tape
writing listing", in the frame that follows the line "Description du
fichier de sortie" ("Description of the output file"). In our example “:
tape ibm MEFO0 means that the tape, named MEF00, conforms to the usual
IBM standards (odd parity, 9 tracks, etc...). Therefore, it can be read
on most of the computers (IBM or Bull, CDC, Univac, Vax, ete),

-block precedes the block length, in characters (7 920 here),
-mode precedes the encoding mode (ebcdic or ascii),

~density precedes the density, in bytes per inch (6 250 bpi here),

~create means that the previous contents of the tape have been

overwritten,

-no_labels means that the tape is unlabeled and then it is possible to
hand i

read it anywhere,

~format fb means "fixed blocked format" : each block contains several

logical records having the same length,
-number 1 means that the file included in the tape is at first position,

-record 80 means that each logical record is made of 80 characters

(here, a block contains consequently 7 920 / 80 = 99 logical records),
-retain none means that the tape was detached after writing.

Examples to read such a tape under various systems are given in

appendix.
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After the previous physical features, one can find some

information about each library. For instance, the lines :

>udd>Modulef>v>s>bib3.indep.fortran.s.archive

. «/BIBLIFTT7 ADD NAME=MEFBIB3S,SSI=86022413

3. 56 membres, 7 836 lignes. Cumul : 73 membres, 8 140 lignes

mean that the‘ provided library is identified on Multics of INRIA Dby
>udd>Modulef>v>s>bib3.indep.fortran.s.archive. = The line ./BIBLI...
(located on the tape at the top of the library) shows that it has been
programmed in Fortran 77, is identified outside by MEFBIB3S (or BIB3 to
abbreviate), and has been written on February 24, 1986 at 1 p.m. This
library, which is the third one, includes 56 members making 7 836 lines.
The number of members and lines is added to those of the preceding
livbraries on the tape‘(and printed after the word "cumul").

The number of lines is related to the size of the files that are
created after reading. On systems where the disk-space must initially be
reserved, think that the file may be extended in the future for possible

-updatings (avoid RELEASE on IBM).

The total number of logical records is the last number of lines
after "cumﬁl". From this number,. a simple division gives the number of
physical blocks. In our example, there are 8 140 logical records, i.e. 82
blocks with 99 records and one more block with 22 records (8 140 = 82 *
99 + 22),

B. SPLITTING INTO LIBRARIES (STEPS 2 AND 3)

On the tape is only one sequential file. However, the logicai

8tructure of this file allows you to split it automatically into several

partitioned files. As a matter of fact :




Each library begins with a line of the form :
«/BIBLIxxx ADD NAME=yyy,SSI=yymmddhh comment

Each member begins with a line of the form :
C/MEMBRxxx ADD NAME=yyy,SSI=yymmddhh comment

XXX gives the type of the library or the member :
F77 Fortran 77 DOC documentation
PL1 PL/1 JCL job control language
ASM assembly language DIV miscellaneous
DAT data ’
Yyy name of the library or the member (at most 8 characters). In

the case of a library, the name has the form ppplills :
ppp : prefix MEF if the library is portable, or else -
system mnemonics,
1111: name to identify the library,

3 : suffix S meaning "source".
yymmddhh date (year, month, day) and time (hours) of the version.

comment (not yet implemented) is to put one of the following keywords :
ADD : library or member to add on the site,
REP : library or member to replace,
DEL : library or member to delete,
OLD : library or member which has not been modified from

the last version.

For 1instance, a tape 1ncluding a source library MEFBIBAS
{including itself the Fortran subroutines SPAA and SPAB), as also a
source library MEFBIBBS (including itself the Fortran subroutines SPBA
and SPBB), would look like this :

./BIBLIF77 ADD NAME=MEFBIBAS,SSI=86033010
C/MEMBRF77 ADD NAME=SPAA,SSI=86032710
SUBROUTINE SPAA
END
C/MEMBRF77 ADD NAME=SPAB,SSI=86032710
SUBROUTINE SPAB
END
./BIBLIF77 ADD NAME=MEFBIBAS,SSI=86033010
C/MEMBRF77 ADD NAME=SPBA,SSI=86032710
SUBROUTINE SPBA
END
C/MEMBRF77 ADD NAME=SPBB,SSI=86032710
SUBROUTINE SPBB

.o 10
END



This structure 1is designed to be compatible with the IBM
processor named IEBUPDTE. HGWever, the user can take advantage of it by
creating programs himself. For instance, here is a simplified vérsion»of'
the program DECIEB, which is written in Fortran 77 (the full version is
made of two parts : a main program DECIEB in the 1library ?PAL, and a
subroutine DECIEW in SYST) : |

PROGRAM DECIEB
CHARACTER NAMOLD#80,NAMNEW+80, LINE+8@

C OPENING THE INPUT FILE
PRINT »,'INPUT FILE ?°
READ »,NAMOLD
PRINT »,* °
OPEN (1@, FILE=NAMOLD, FORM="FORMATTED" ,STATUS="0LD")
c - .
© € LOOP FOR EACH LINE OF THE INPUT FILE
100 READ (10.'(A)',END=900) LINE
c
C NORMAL LINE
IF (LINE(1:7) .NE. *./BIBLI') THEN
WRITE (20,°(A)’) LINE '
GOTO 100 %
END IF
c
'C SPECIAL LINE
CLOSE (20)
INAME = INDEX(LINE, *NAME=")
IF (INAME.EQ.@) STOP 'ERROR 1°
IEND = INAME + 5
300 IEND = IEND + 1
: IF (IEND .GT. 8@) STOP 'ERROR 2°
IF (LINE(IEND:IEND) .EQ. *.') GOTO 400
IF (LINE(IEND:1END) .EQ. ' *) GOTO 400
GOTO 300
400 NAMNEW = LINE(INAME+5:IEND-1)
PRINT =, NAMNEW :
OPEN (2@, F1LE=NAMNEW, FORM="'FORMATTED " , STATUS="NEW")
GOTO 100 . :
c

'C END OF EXECUTION

" 900 CLOSE (20)
CLOSE (10)
END

From a disk file, this program generates several f‘ileé. The name
of these files 1is the one which follows the keyword NAME in 1lines
beginning with ./BIBLI. This program may be modified as the user wishes,
for .instance to read directly on a tape and not on a disk, to add a
suffix to the names of the generated files, to translate these files into
lowercase letters, to suppress spaces in the end of each line (thét may
save disk space), to split a library into several members (then replace
./BIBLI by C/MEMBR),...

After this splitting work, one gets the files defailed in the
table below. In fact, in this table, prefix MEF and suffix S of each
portable library identifier are omitted. |
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LIST OF MODULEF LIBRARIES : 1986 Version

Subroutines in portable Fortran 77 - general libraries

BIHM
CONV
COSD

: Dirichlet problem for the biharmonic operator ;
interactive preparation of Modulef data ;
construction of data structures from cards
(BDCL, FORC, MILI, MAIL, NDL1, COOR, TAE) ;

ELAS, ELA2, ELA3, ELCP : finite element libraries for linear

ELNL

EVOL
FLUI

MAGN

elasticity in 2D, 3D, or shell and élate elements
(ELAS calls ELA2, ELA3 and ELCP - see table‘below) :

: finite element library for nonlinear elasticity (large
deformations, plastiecity) ;

: transient problems of first and second order in time ;

: modules for cqmuputation of flow for an incompressible
and viscous fluid in 2D ;

¢ magnetic study of a wave guide ;

NOP2, NOP3, NOPO : two and three dimensional meshes using the NOPO D.S.

PLMA
POBA

(NOP2 and NOP3 call NOPO - see table below) ;
: problems in plasma physics ;
generation of the values of basis polynomials at the

numerical integration points ;

RESO, RESR, RESD, RESB : solution of linear systems and computation of

SYST
THER
TRAC
UTIL
UTSD
VIS3
272722

eigenvalues in REAL or DOUBLE PRECISION type (RESO calls
RESR and RESD, which call RESB (base) - see table below) ;
: environmment for Modulef users ;
: finite element library for thermal problems H
: plotting of curves, meshes, isoyalues, sections ;
basic utilities ;
: data structure utilities ;
: 3~D graphics ;
: specifications of subroutines and functions that a user

may provide when calling some modules.



— Subroutines in portable Fortran 77 - graphics interfaces

~ BNF3
BNTK
HAF3

HATK

SOBN

For

: Benson/Fortran 3D interface ;

: Benson/Tektronix interface (Plot10 system) ;

;. subroutine PCARA for generating "hard" characters
(Fortran 3D software) ;

: subroutine PCARA for generating "hard" cha;acters
(Tektronix software) ;

: subroutine'PCARA for generating "soft" characters

(Benson software) ;

instance, suppose one has Benson software. To use this

éoftwabe on Tektronix with "hard" characters, use  the BNTK and HATK

libraries simultaneously.

- Main programs in portable Fortran 77

PPAL
TEST

: programs calling the usual modules, for interactive use ;
: numerical tests (elasticity, fluid mechanics, thermal

problems).

- Nonportaﬂle'subroutines

Among the following librairies, we only provide those which can
be used at the site of the addressee :

IBMSYSA

IBMUTIA
IBMUTIM
MULSYSF -
MULSYSP
MULUTIF
MULUTIP
SIRUTIA
UNIUTIA

: FLIPFLOP, automatic utility implementation, in IBM
assembler (see apﬁendix IBM) ; .

: basic utilities (assembler), IBM version H

: basic utilities (macro—instructions), IBM version ;
commands (Fortran) for Multics system ;

: commands (PL/1) for Multics system ;

: basic utilities (Fortran), Multies version ;
basic utilities (PL/1), Multics version ;

: basic utilities (Assembler), SIRIS 7/8 version ;
basic utilities (Assembler), UNIVAC version.

- Portable libraries containing data or text

POBD
PROD
SYSD
TESD

: data read by POBA library ;

ot doqumentation for MODULEF procedures ;

: data read by SYST library -
¢ data read by TEST library.
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5. WRITING, IF NECESSARY, THE NONPORTABLE UTILITIES (STEP 4).

The nonportable part of Modulef is as small as possible, It is
completely written in Fortran 77, but may require a slight adaptation
from one site to another one. On the tape, the Multics version is
generally provided, as an example (MULUTIF library). It contains the
IASCII function, the "INFO functions", and subroutines QUVRIR and TRUNIT.
All these utilities, as also the graphics interface, are described below :

TASCII function

This function returns the ASCII code of a character. At the
present time, it is only called by the subroutine STRSFT of the library

VIS3, in order to use different characters fonts on a graphics screen.

If the computer codes characters internally in ASCII, it's enough

to keep the Multics version :

FUNCTION IASCII(CHARAC)

CrrHHr e
C PURPOSE :

Cc TO RETURN THE ASCII CODE OF A CHARACTER
c

C INPUT PARAMETER :

c CHARAC : CHARACTER TO BE CODED

c

C VERSION : BULL/MULTICS

CoHHHHHHHHHHHH R
CHARACTERet CHARAC
JIASCII = ICHAR(CHARAC)
END

\
Otherwise, it 1is possible to use the intrinsic function INDEX

(' ABCDEFG...', CHARAC) or conversion arrays.

INFO functions

The matter is the U4 functions IINFO (of integer type), RINFO
(real), DINFO (double precision), and KINFO (character). With these
functions, programs can get some general information (unit number of the
printer, smallest positive floating number, usef's name, ...) without

using commons.





























































































