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Abstract
A m4-macropackagewas written to facilitate the developmentof complex
grids for hermes,themeshingpreprocessorfor ROXIE. A numberof macros
is provided to creategrids of any regular shapeeasily. Thesemacrosarede-
scribedin detail.Theattachmentof differentgridsis shown.

1 Intr oduction

Complex gridsof abig numberof elementsof acommonstructurecanbecreatedby loops.To keepthe
hermespreprocessorassimpleaspossibleit wasdecidednot to includeloop processingthere. Instead
m4 waschosenasa pre-pre-processor. Them4-macropackageconsistsof routinesnecessaryto create
grids,to connectdifferentgrids,to setboundaryconditions,andto directthemeshing.Becauseof thelow
level onwhichtheseroutinesoperate,aconceptfor namingthekeypoints,linesandareaswasdeveloped.
Basedon this namingconvention,thenamingis unified andhelpsto simplify thedevelopmentof new
macros.Them4-macropackageis basedon thetoolspackagewhich providesbasicroutinesto enhance
the languageelementsprovided by m4. We will introducesomeof the macroshereaswell andshow
theirpower in smallapplications.

2 Getting Started

Beforeyoucanusethemacrosin your ���������	� file youhave to loadtheelementspackageby a line with
them4 built-in macro ����
��	��	�

�������������������������������� "!��$#�%�&

Note thespecialsyntaxof m4 startingparameterswith a left apostropheor acuteaccent”‘” and
endingthemwith aright apostropheor graveaccent”’”. Dependingontheprint they maylook different.
Syntacticalerrorsin m4 will produceerror-messageswhich, however, aredifficult to trackdown. Most
timesit is betterto checkwhich commandswerecorrectlyparsedandto checkthe line producingthe
errors.

Typein your macroson thefollowing lines. You maymix m4-macroswith normalhermescom-
mands.All hermescommandsendwith thespecialcharacter”;”, whereasm4-macrocommandsdon’t.
Sincem4 is just a simpletext-replacementlanguageit doesnot changeanything in thefile it doesnot
recognize.Commandsthatarespelledincorrectlywon’t produceany errormessageafterparsingwith
m4sincethey arenotexpanded.Ontheotherhandhermeswill complainwhenit findsacommandname
it doesn’t know.

In caseyouaredevelopingacomplex �'���(�	��� file it mayhelpto preprocessthisby calling )�* from
the commandline insteadof calling ���	��+	�	� ) ��, for runningm4 andhermestogether. This will allow
you to easilydistinguishbetweenm4 andhermeserrormessages.You shouldload themacropackage
by thesimple ����
��	��	� commandasshown abovenotsupplyingtheabsolutepath.Thepackageis found
by settingtheenvironmentvariable -�.	*	/�0	1�2 to thecorrectdirectory. A command�	�	� )	* doing this is
includedin ROXIE version6.0.
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3 The Naming Convention

To keepthemacrosassimpleaspossibleit wasnecessaryto introducea namingconventionsothat the
line macrosknow aboutthekeypointsthey shouldconnectandthat the areamacrosknow which lines
theareasurround.Eachkeypoint nameis encodedby anamewhichstaysthesamefor all elements,and
two indicesshowing thenumberof thekeypoint in x- andy-direction.For example3	4	0�5 6 mightbethe
first keypoint of agrid.

����7���8:9�# ����7���;�9�# ����7��:<�9�#
=�>�7�?�9�# @ =�>�7�8�9�# @ =�>�7�;�9�# @ =�>�7�<�9�#
A�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B$A�B�B$B�B�B�B�B�B�B$B�B�B�B�B�B�A$B�B�B�B�B�B�B$B�B�B�B�B�B�B�B$AC C C C
C ����7�?�9"��# C ����7�8�9���# C ����7�;�9"��# C ����7�<�9���#
C D�E 7�8:9�# C D�E 7�;�9�# C D�E 7�<�9�# C
C C C C
A�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B$A�B�B$B�B�B�B�B�B�B$B�B�B�B�B�B�A$B�B�B�B�B�B�B$B�B�B�B�B�B�B�B$A=�>�7�?�9�< F =�>�7�8�9�< F =�>�7�;�9�< F =�>�7�<�9�<

����7���8:9�< ����7���;�9�< ����7��:<�9�<

Sincetherearetwo lineswhichareconnectedto eachkeypoint,weuseanadditional”c” at theco-
ordinateof thecorrespondingdirection,to specifywhich line is meant.A line ��� 0 
�G 6 shouldtherefore
connectpoint 3�4	0	5 6 to 3	4�0 G 6 . Intermediatekeypointsasthey areusedfor curveswill show the”c” at
thesamepositionasthecurve connectingit. For a curve with name�	� 0 
�G * , theintermediatekeypoint
in x-directionwouldhave thename3�4	0 
�G * .

����7���8:9�# ����7���;�9�# ����7��:<�9�#
=�>�7�?�9�# @ =�>�7�8�9�# @ =�>�7�;�9�# @ =�>�7�<�9�#
A�B�B�B�B�B�B�B�A�B�B�B�B�B�B�B$A�B�B$B�B�B�B�B�A�B$B�B�B�B�B�B�A$B�B�B�B�B�B�B$A�B�B�B�B�B�B�B$A=�>�7���8�9�# =�>�7���;�9�# =�>�7��:<�9�#

For all macrospoint indicesandnot line indiceshave to bespecified.

4 Creating a Grid

Themacropackageprovides3 basicmacrosto createagrid. As in hermesyouhave to createkeypoints,
lines,andareasby seperatecommands.Youwill first setthekeypoints.

4.1 Creatinga Grid of Keypoints

Youwould issueacommandlike
>�H������" �����7�%�I�������%�I�?JI�8K?�%�I$���ML�%�IM?�ION�%�I��M?J!�?P8�Q�R:�"IML�ST%�I�� A�U %�&

whichcreatesagrid of 10x5macro-elementswith 11x6keypoints.Thesyntaxis ratherspecialand
is furtherexplainedin thecommandreference.Justnotethat 4 �'�(�	V�, has5 arguments,eachargument
seperatedby a comma,wherethesecondargumentconsistsagainof 3 argumentsetc..You alwayshave
to specifythenameasfirst argument.Thesecondargumentspecifiesa countervariableto be counted
from 0 to 10 for thex-direction.Thethird variablespecifiesthecounterfor they-directiongoingfrom 0
to 5 andfinally youspecifythefunctionby which theco-ordinatesof thekeypoint is calculated.As you
cansee,you candirectly specifythe co-ordinatesby referringto the countervariables.An additional
parameterat theendherespecifiesthatall lines in x- andy-directionshouldbelinesratherthancurves
with tscreenpoints. If eitherx or y is omitted,a curved line is assumedin thatdirection. Sono center
pointsareproducedby thismacro-command.Notethattheapostrophesasshown abovehaveto appearin
thesameway regardingtheir type.Thecountervariableneedsadditionalapostrophes.Failing to supply
themin theright waysometimesmakesthefile notprocessiblefor m4. Wrongcommandsmight leadto
errorsissuedby hermes.
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4.2 Creating the Lines Connectingthe Keypoints

To keepthesyntaxsimpleall thecommandsarekeptsimilar to eachother. Creatinglinesis thereforeas
simpleascreatingkeypoints:

�������� "����7�%�I�������%�IM?�I:8�?T%�I��$��LJ%�IM?JI�NT%�I�� A�U %�&

Again you have to specify the nameof the lines which must be the sameas the nameof the
keypointsto be connected.For the indicesin fact you have to specifythosefor the keypointsandnot
for the lines. The argumentsarebasicallythe sameandin mostcasesshow the sameindicesasused
for 4 �����	V�, , but thenumberof linescreatedfor this 10x5grid is 11x5+10x6.Sincethepositionsof the
keypointsarealreadydefined,thereis no needfor a formula. Neverthelessthe type of the line hasto
bespecifiedby theadditionallastargument.Themeaningis thesameasabove. Doing it this way the�'�(�	��, macrodoesnot needany knowledgeaboutthelines. But failing to supplythelastargumentin a
way consistentwith thepoint macroswill let hermescomplainaboutmissingpoints. Optionallya bias
for meshingcanbeaddedat theendof thecommand.Seethecommandreferenceabouthow to do that.

4.3 SettingAr eas

We arecontinuingin thesameway asabove. Anothermacrodefinestheareaswhich have to fit into the
line-gridcreatedsofar.

D�E � D  "����7�%�I�������%�IM?�I:8�?T%�I��$��LJ%�IM?JI�NT%�I���W�X"� E H���8"%:&

Again the indicescomply to the indicesgiven for the keypoints. The macrosderive the correct
numberingfrom thepointnamesconformingto thenamingconvention.Hereall the10x5areasarefilled
with iron by thematerialBHiron1asdefinedby theROXIE B-H curve data-base.

4.4 Defining Mesh-lines

If all theareasshouldbemeshedin thesameway thecommand

���� �Y��" �����7�%�I�������%�I�?JI�8K?�%�I$� A %�IMN"&

will do that for you by subdividing eachmacro-elementby 5 finite elementsasspecifiedby the
lastargument.Thethird argumentspecifiesthedirectionin which thecountershouldbeincreased.The
sameshouldbedonein y direction:

���� �Y��" �����7�%�I�����L�%�I�?JI�NT%�I�� U %�I�<"&

Notethatthecounter-variableis usedinternallyfor countingthelinesin y direction.Thenameas
definedasfirst argumentis againthenameof the(maybeone-dimensional)grid consistingof keypoints
and lines. A 
 which might occurdirectly after the line nameis due to the nameingconvention and
indicatesonly the index which is changing.It is thereforenot a partof thename.Noteaswell that j is
not they-index itself but theindex of thepointswhichshouldconnectthelinesaccordingto thenaming
convention(eventhoughthey mightnotexist). This wasdonein orderto keepthesamesyntaxin all the
commands.We canthereforerely on gettingtheright resultswhenwe alwaysspecifythecorrectindex
of thepointswhichshouldbethesameeverywhere.

4.5 Defining Boundaries

Thesettingof boundariesbasicallyworksin thesamewayasthesettingof mesh-lines.Imaginethatwe
wantto specifya boundaryon theright handsideof thegrid. We thenhave to countthey-index from 0
to 5 but at thesametimewewantto fix thex-index at10. This is achievedby settinganoffsetin thefirst
argument:
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Z�[�H������� �����7JI�8�?�I�?J%�I����OL�%�IO?�IMN�%�I�� U %�&

Herewe introducea Dirichlet-boundaryfor the lines �	� 0 G 5 
	G to �	� 0 G 5 
(\ . In the sameway
Neumannboundaries]�^ ���	�	�, canbeused.For furtherhintssee4.4(DefiningMesh-lines)

5 SpeciallyShapedGrids

Creatingacurvedgrid is assimpleascreatingtherectangulargrid above,sincethefunctionin thepoint
macroscanbe ascomplicatedaswe like. We areableto useany expressionthat canbe processedby
hermes.Sincehermesknows how to handlekp-variables,anda lot of expressionsthis meansbecomes
quitepowerful.

5.1 A Cir cular Grid

To createa circulargrid, we simply specifythegrid pointson a radiusandcounttheangle. Insteadof
definingthecoordinatesas _ ��`ba�c we mayusethehermessyntax[i d j].

>�H������" �����7�%�I�������%�I�#JI�eT%�I��$��LJ%�IM?JI�8K?�%�I��M?J!�?P8�Q�R:�:f�L�QKg���@�;�?�S�%�I$� A %:&

Notethatyouhave to specify / � at leastin hermes.It is notabuilt-in variable.

A possiblestructurewould look like this:

�������������������������������� "!��$#�%�&
g���h�<�!:8�#�8�N�i�;�j�N�<�NJk
>�H������" �����7�%�I�������%�I�#JI�eT%�I��$��LJ%�IM?JI�8K?�%�I��M?J!�?P8�Q�R:�:f�L�QKg���@�;�?�S�%�I$� A %:&�������� "����7�%�I�������%�IM#�IMe�%$I����OL�%�I�?JI:8�?T%�I�� A %:&D�E � D  "����7�%�I�������%�IM#�IMe�%$I����OL�%�I�?JI:8�?T%�IMW�X"� E H$��8�&
���� �Y��" �����7�%�I�������%�I�#JI�eT%�I�� A %�I�;"&���� �Y��" �����7�IM#�I�?�%�I����ML�%$I�?�IK8�?J%�I�� U %$I�<"&

Note that macro-gridsdo not needthat many subdivisions if thereareno structuralrestrictions.
Themeshabove couldbeproducedby meshlinesaswell:

�������������������������������� "!��$#�%�&
g���h�<�!:8�#�8�N�i�;�j�N�<�NJk
>�H������" �����7�%�I�������%�I�#JI�eTI�#�%$I�����LJ%�I�?TI�8:?�I:8:?�%$I���?J!M?"8�QPR���f�L"Q:g���@$;�?�SJ%�I�� A %�&�������� "����7�%�I�������%�IM#�IMe�IO#�%�I$���ML�%�IM?�IK8�?JI�8:?J%�I$� A %:&D�E � D  "����7�%�I�������%�IM#�IMe�IO#�%�I$���ML�%�IM?�IK8�?JI�8:?J%�IOW�X�� E H���8$&
���� �Y��" �����7�%�I�������%�I�#JI�eTI�#�%$I�� A %�IMe�&���� �Y��" �����7�IM#�I�?�%�I����ML�%$I�?�IK8�?JI�8:?J%�I$� U %�IM<�?�&

5.2 Orientation

Notethatall thegridsyouaregoingto definehaveto obey theorientationrule. For any areato bedefined
theorientationin which all the linesarespecifiedis in mathematicallypositive sensewhich is counter
clock-wise. This in turn meansfor macrosthat the coordinatesystemhasto be a so calledright-hand
systemwherethey-axisis foundby turning90 degreescounterclock-wisefrom thex-axis.

6 Offsetsand Step-Sizes

Offsetsandvariablestep-sizesallow for adaptionof thegrid numbering.This is theadaptionnecessary
to connectthemdirectly. If directconnectionis not possiblethe l V	V l 
�+ macrohelps.It makesspecial
grid structurespossibleasshow in thefollowing.
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6.1 Offsets

As seenin theexample,offsetsarevaluablefor settingboundariesbut they mayalsobeusedasin 4 �'�(�	V',
or �'�(�	��, macros.Thepropertyof theoffsetsis to influencethenumberingof thegrid only. Thevalues
usedin theformulasarecorrespondingto therealcountervalues.A macrolike

>�H������" �����7�IM<�I�N�%�I����:��%$I�<�ION�%�I����ML�%$I�jJI�mJ%�I��$R���IML�SJ%�I$� A�U %:&

wouldcreate6 pointsstartingat 3	4	0�n G	G�o _p6 ` n c andendingat 3�4	0	q G�r�o _ \s`bt�c .

6.2 Step-Sizes

All theloopsdefinedby a countervariableandindicesallow differentformats:

uwv G'x wouldmeanacounterwhichcannotbereferenced.Thename-index is setto 1 plustheoffset.

uwv	v ��x 6 x is a variablewhich is fixed to 3. It may be referenced.This meansas well that the
dimensionof thegrid is reduced.If youspecifybothindicesin thisway, youendup with asingle
point andno linesor areas.

uwv	v ��xbty`bzsx is acountervariablewhoseindex becomes7, 8, and9. Theincrementis therefore1.

uwv	v ��x 6 `�G�ty`btyx is acounterwhichstartswith 3 andis incrementedby 7 to become10 and17.

The third andfourth versionwerealreadyusedin theexamplesabove. Thefirst andthesecond
areusefulfor grid lines(onedimensionalgrids,soto say). If theindex is to beusedin a formulain the
4 ������V', macro,thefirst oneis notapplicable.

7 ConnectingGrids

Grids canbe directly connectedif both grids have thesamenameandfit togetherobeying thenaming
convention.Thefollowing examplecreatesa threepartgrid structure

�������������������������������� "!��$#�%�&
>�H������" �����7�%�I�������%�I�?JI�8K?�%�I$���ML�%�IM?�IO#�%�I���R:��IO?�!�N"Q:L�S�%$I�� A�U %:&>�H������" �����7�IM?�I�#�%�I����:��%$I�?�IOj�%�I����ML�%$I�?JI�<J%�I��$R���IM;"Q:L�{$;�S�%�I��M[ A�U %�&>�H������" �����7�IM?�I�#�%�I����:��%$I�j�IK8�?J%�I�����LT%�IM?�IM<J%�I$��R��"IML"Q��O<�!�N B ?J!�;�NPQ���&:{�;�S�%$I��M��[ A�U %K&�������� "����7�%�I�������%�IM?�I:8�?T%�I��$��LJ%�IM?JI�mT%�I�� A�U %�&D�E � D  "����7�%�I�������%�IM?�I:8�?T%�I��$��LJ%�IM?JI�mT%�IMW�X"� E H$��8�&|���� �Y��� �����7J%�I������"%�IM?�IK8�?J%�I�� A %$I�<�&���� �Y��" �����7�%�I�����L�%�I�?JI�#T%�I�� U %�I�;"&}���� �Y��� "����7�%�I�����L�%$I�#�IMmJ%�I�� U %�IM#"&

The last parameterof the first 4 �'�(�	V�, macrospecifiesthe useof lines in x- andy-direction. In
thesecond4 �����	V�, macrois setatopof thefirst macrogrid. Thelastparameterthereforeincludesa ”b”
to getrid of its bottomline sincethis line is providedby thetop line of thefirst grid. Thethird 4 �'�(�	V',
macrofits into thespaceleft by theothertwo anddoesneitherneeda bottomnor its left line. Theorder
of thespecifieris arbitrary.

8 Attaching Grids

Contraryto a direct connectionan attachmentcanbe donefor two grids with differentnameseachof
themobeying thenamingconventionseperately. Gridsareattachedby usingthe l V	V l 
�+ command.This
is the trickiest macroavailable. It setstwo lines of two grids equivalentto eachother. Two grids may
therebyjoin a line simply by referencingit astheir own. Sincewe wantto referencetheold pointsand
linesimmediatelywhencreatingthepointsof thenew lines,the l V�V l 
(+ macrohasto beusedbeforeany
definitionof thenew points. Implementationspecificdetailsarediscussedin 10 (Theinnerworkingsof
m4)Using
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D ��� D �:Y�����W�%�I��������"%�IMN�IK8�N�%$I��M7�%�I����OL�%�I�?JI:8�?T%�I��M[��J%�&

youmaynow defineagrid ~ whichwill usethetop-lineof grid 0 asits bottom-line.Bothcounter
variablesherespecify the x-index so that in the exampleabove, grid ~ will startat x=5. Every point
andline joint with grid 0 is automaticallydereferenced.Note that theorderof thespecifierin the last
parameterfits to the orderof the grids to be connectedandis not arbitrary. The syntaxis different to
theothermacrosastherearetwo gridswith oneindex each,countedin parallel.Eventhoughoneindex
might becountedup while theotheris counteddown, bothcountershave to bespecifiedasif they were
countedup. Thecorrectcountingis definedby thelastparameter. An additionalparametermaybeused
to switchoff right or left edgeconnections.Thiswill beshown in alaterexample.Sincethemacrofor the
attachmentdoesnot produceany visible code,a commentline wasintroducedto helpwith debugging.
Thiscanbeswitchedoff by definingthesymbol ���	�� ^ ��� .

������������������H�����[����J%�I����$Y D �$����� E %:&

In thenext examplewe show how to connectrectangulargridsto a semi-circularone.All thein-
dicesherearedefinedby variablesasto makechangesof thediscretizationeasier. Thevariabledefinition
is not includedhere.

>�H������" �������%�I�������%�I�?JI A ���� $��%�I����ML�%$I�?JI U �"�� $��%�I��R���������{������ D ����;�Q�� B�A �P�� ��$&�&:@�;"Q:� E  ��JI�L"Q:� E  ���SJ%�I�� A$U %�&�������� "������%�I�������%�IM?�I A �P�� ��P%�I����MLJ%�IO?�I U �"�� ��P%�I�� A�U %�&D�E � D  "������%�I�������%�IM?�I A �P�� ��P%�I����MLJ%�IO?�I U �"�� ��P%�I�?"&
D ��� D �:Y�������%�I��������"%�IM?�I U ���$ ��"%�I��M��%$I�����LJ%�I�?TI U �"�� ���%$I���[��J%:&D ��� D �:Y�������%�I��������"%�I U �P�� ��PI������� ���%$I��M��IM?JI U ���� ��"%�I��$����%�IM?JI A �P�� ��"%�I���[$��%�I����J%�&D ��� D �:Y�������%�I��������"%�IM���P�� ��PI������� ���%$I��M��I A ���$ ���IM?J%�I��$��L�%�IM?JI U �P�� ��"%�I���[ E %�I����J%�&
>�H������" �������%�I�������%�I�?JI��$���� $��%�I����ML�%$I�?JI�;J%�I

��R:��������IM?�S�{�R E ��H����${�L"Q��"�:H��$��fJ��8 B ��@$������ ���&�QKg���SJ%�I���[ U %�&�������� "������%�I�������%�IM?�IM���P�� ��P%�I����MLJ%�IO?�IM;�%�I���[ U %�&D�E � D  "������%�I�������%�IM?�IM���P�� ��P%�I����MLJ%�IO?�I:8�%�IM?�&D�E � D  "������%�I�������%�IM?�IM���P�� ��P%�I����MLJ%�IK8�IM;�%�IMW�XP� E H���;"&

Thecentralgrid ”K” is rectangularusinglines.The l V�V l 
�+ macrospreparetheconnectionto the
the”C” grid. Sincethe”C” grid is put aroundthe”K” grid, thebottomline of ”C” is connectedfirst to
the left line, thento the top line, andthento the right line of the ”K” grid. Sincecertainattachments
would bedonetwice at thecornerpointstwo l V�V l 
(+ macrosshow anadditionalparameterwhich may
eitherswitch off the left or the right cornerconnection.Now the ”C” grid canbe definedwithout its
bottomline (notethe index ”b” in the 4 �����	V�, and �'�����', macros)sincethis is representedby the ”K”
grid. Theconnectionis automaticallyestablished.To besurethattheattachmentworksproperly, check
theoutputof m4! Theexamplesshouldbefoundin theiron-databaseof theROXIE iron testcases.

9 BasicMacros

For morecomplicatedpurposesit might beusefulto stepdown to thebasiclayersandto usethemacros
on which the elementsmacropackagerelies. Someof the commandsaredefinedin the tools macro
packageandtherestarebuilt-in macrosof m4. For furtherdetailscheckthem4 manualasaswell.

9.1 Defining non-regular grids

Therearetwo possibilitiesto designnon-regularly spacedgrids:
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u Variablesmay be specifiedincluding an index, e.g. /	l �	V'G�` /	l �	V�rs` /�l �	V 6 etc. and may be
referencedby /	l ��V v x�� wherethe apostrophecreatesthe seperationbetweenthe nameandthe
index.

u The l ��� macromay be usedwhich selectsa parameterfrom a list, e.g. l �	�s� v ��x	` v�� �(�',�Vy`,��'
(�	��s`�V�+'����sx(� accordingto theindex � .

9.2 � ��� Loops

Most of themacrosin this packageuseloops. Sinceonly recursive proceduresarepossiblewith m4, a
new ”for” macrowasdefinedto facilitatetheprogramming.A first implementationwascopiedfrom the
m4-manualbut furtherprogressin definingthegrid-macrosleadto changes:For loopsmaynow have 1
to 4 arguments.

Theline

��H E ���"I�?�I�8�?JI�;�I
�M����Z�W���%��"��%�h�8�%:&

maybeusedto definea numberof hermesdesign-variableswhich maybereferenecedasdesign-
variablesfrom ROXIE.

10 The inner workings of m4

As saidbefore,m4is arathersimplebut powerful text-replacementlanguage.It parsesthetext givenand
replacesall occurencesof userdefinedmacrosby its definitiontext. Thisreplacementtext is parsedagain
andexpandedasbefore. This featurecanbeusedefficiently to definerecursive macrosreplacingtheir
namewith acommandtext includingacall to itself. Built-in functionsonly provide basiccapabilitiesas
for thedefinitionof commands,for conditionalexecution,integerarithmetic,andsystemcalls.Checkthe
GNUm4manualpagesfor furtherinformation.In caseyoucan’t find themaskyoursystemadministrator
or look for themon theworld-wideweb.

10.1 	� � �(�	�
Whenever you wantto definegridswith a readjustablenumberof elements,definea m4-variablewhich
you maychangelateron. This allows aswell adjustmentsof complex structureswherethe sizeof one
grid dependson thesizeof another. An exampleof this kind wasshown above.

Theline

��������������� A �"�� ���%�I���NJ%�&

mightdefinediscretizationsin x direction.Notethatthischangesthetopologyof yourgrid. Since
m4 normally doesnot readany design-variablesof ROXIE and hermesis not designedfor topology
changes,suchchangeshave to be codedin the �'�(���	��� file. Sincem4 doesnot distinguishbetween
variablesandmacrosalsoformulascanbedefinedandusedin thisway:

������������������%�I���8�?�%:&
������������������������>� ��J%�I���RK� A IO?�S�{�R D Q��$H� "��>�Y D B >�Y��"Q��:@��P&�I�["Q:�"�����O>�Y D B >�Y��PQ��:@���&:S�%K&>�H������" �������%�I�������%�I�?JI��T%�I��$��LJ%�IM?J%�I$�������"�:>� K��%�&

Themissingvariablescertainlyhave to bedefinedto allow hermesto procede.
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10.2 ,���,	
 )  and ��,���,	
 ) 
The ,��',�
 )  and�',���,	
 )  macrosallow to startshell-commands.Usingthismethodfilesmaybecopied
etc. Smallperl commandsmight beexecutedor evencomplex meshingprogramscouldberun creating
thenecessaryinputfor hermes.Thismethodisusedaswell in aseperatepackage	��,	�����	��� l ��� l�^ �	��,'� )	*
to make ROXIE designvariablesaccesiblefrom m4. Checkthisfile for furtherinformation.

10.3 Material Changes

It is possibleto changematerialdata(B-H curves)from ROXIE by usingdesignvariablesfor thematerial
definition. Material 0 is equivalent to BH air, any numberbigger than0 is interpolatedinto a string
BHiron with thespecifiednumberattached.It is thereforepossibleto changethis variablein a certain
rangeto getthecorresponingmaterialdefinitions,e.g.BHiron3 to BHiron6.
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